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DESCRI PTI ON METHOD FOR SEPARATI ON-AND-RECOVERY-OF——
NOBLE METALS Technical Field 5 [00011 The % | sent

invention relates to a nethod for jﬂmmw\” m

recovery of noble netals, and nore

an inproved nethod which neke it possibl eistie* |solate

and recover noble netal conponents in pure—stafe——&e-——_~____

frommaterials containing a plurality of nEt

as raw ore of noble mat al's or waste nateri al @w’mm ""”"”m
i ncluding catal ysts %Fpurlngn aut onobi | e

gas, electronic conpone i ficial tooth *GWW?

s cEror, BhR s BrARr bt can TREERvRER oF | NohLE et grs
possi bl e. Background Art [0002) Gold and platinumare
used as ornanental materials, 20 raw materi al s of

el ectrodes, catal ystsLpthezhi 1@l ladium is used
as catalysts raw waterrg&S—U%—Eggrogen storing all oy
or theobbke, iridiumis used as raw materials of

el ectrodes for electrolysis, spark plugs,

sen cohdugiesert echivedeson (£&Bshe 8BAON Y, mEtBod 8HE
nmelting pots or the |ike, and 25 rut heni um and rhodi um

sepheatised aadr awcoreeyi alfs noblel eetrndde, andamoees ki nds

of ceram cs and catalysts for purifying - 1
particularly, to an improved method which make it possible to
isolate and recover noble metal components in pure state,
from materials containing a plurality of metals such as raw
ore of noble metals or waste materials including catalysts
for purifying automobile exhaust gas, electronic component
and artificial tooth materials, using a cellulose column, and

further, to reuse the spent cellulose column as many times as

possible.

Background Art

[0002]

Gold and platinum are used as ornamental materials,
raw materials of electrodes, catalysts or the like, palladium
is used as catalysts, raw materials of hydrogen storing alloy
or the like, iridium is used as raw materials of electrodes
for electrolysis, spark plugs, semiconductor electrodes
(flash memory, etc.) and melting pots or the like, and
ruthenium and rhodium are used as raw materials of electrode,

various kinds of ceramics and catalysts for purifying
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aut onobi | e exhaust gas, or the Iike which are

industrially wdely used. To separates and recover

these noble netals fromraw materials containing the

nobl e nmetals, there have been 5 proposed vari ous

nmet hods such as an el ectrolysis nmethod, a chemn ca

conversion nethod, an ion exchange nethod, a sol vent

extraction nmethod, an adsorption nmethod, and a

conmbi nation nmethod of them [0003] 10 For exanplﬁ,

in_s rati and recoveri Qld from raw qre, there
a %63 %ﬁ%wﬁ La9fsr h&d 65% gﬁ#ﬁn&hﬂ&% 6t& dgdustrially
WI%%earate gol d-containing fractions, treating theminto

Ft cont ai ni ng agueous sol ution by hydrochloric

acn d @ gLQ%Q 9&8&&9%3\?53“90%8%%9&%i P9om raw

the go d s con alrning so I on

ma%%aqaqglean@aqn&ﬁ@oxﬁ@Iﬁgbgglﬁetsige Pakeat Q@%U%%%h 1
as nentioned bel ow), a net of treating

pr@@b@e&abbrﬁaﬁkamatﬁgdﬁoEuﬁhoasb$n|@@e%&%@@?@@srﬁétﬁod a
(see Patent Docunent 2), a nethod of sol vent

chexticatt convetrshondmbuhyl, canbibal ekshanBat @athbBaGUEEBblvent
3), a nethod for 20 recovery by solvent extraction
exggrgidnmeehpbd?2- pentdsompandn adsbofdt i endt @ ebebahation
resin (see Patent Docunent 4), and a nethod for
mefdedvery thbgmadsor ption on peat (Patent- Document 5). In
t hese net hods, since gold is recovered as gold salt,
final (9903} s necessary to convert gold salt into

b 25 re uct on treatnent. [0004
gold gr examp in separaggzg aéd regoverlng gold from

raw ore, there have been known a method of solving raw ore to
separate gold-containing fractions, treating them into gold-
salt-containing aqueous solution by hydrochloric acid and
chlorine or aqua regia, and electrolyzing the gold-salt-
containing solution, thereby separating and recovering gold
(see Patent Document 1 as mentioned below), a method of
treating gold-salt-containing solution by ion exchange resin
(see Patent Document 2), a method of solvent extraction with
dibutyl carbitol (see Patent Document 3), a method for
recovery by solvent extraction using 4-methyl-2-pentanon and
adsorption to chelate resin (see Patent Document 4), and a
method for recovery by adsorption on peat (Patent Document 5).

In these methods, since gold is recovered as gold salt,
finally, it is necessary to convert gold salt into gold by
reduction treatment.

[0004]
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2 As a nethod for separating and recovering each
noble netal fromraw materials containing a plura
ki nds of noble netals, there have been known net hod
as follows: a nethod of passing a chloride solution
containing at |east two noble 5 netals through at
| east one chromat ographi c columm containing a solid
adsorbent having a Kd above 1, which adsorbs the
nobl e nmetals on the adsorbent, and subsequently
eluting the nogl% nmet al s bg_a hal i.de salt sol ution,
to obﬁgiﬁ PREPEHy Lot efgParat tRIc NGNS CRYER1PFatRFBnCb e
ont ai_ni ng only one single . 1Q noble netal .and com ng
MR T Pha 0 JBCSTRAL Ry CRE RS fr Pl Ik ingig, of noble
mel?:%tg.l%nt t %w%@ve(i)bee%n }Jn%‘iﬂ%r ‘?n%%%ro%t 1" f%%.tl%%% :Ofa method of
nobl € metals conmpfising: passing a
pdggﬁd%'%ﬁkﬂla¥¥aéﬂéaﬂ% ié%@@ %% E%9%9§ Euﬁ%%%ttQkﬁy%%Hae
chr ormat ogr aph nedi um an aégoﬁblng nobl e netal s on
melth sTRAr g RE aldaldtNSrih @ HiRlae ob apBlidl UMY RMtaining
el uent to obtain separate fractions, each fraction
a coltia BdEYrifertedsivionRe an®d avdRteall , Sehikat aldscané tRe
ions are separated in an trivalent oxidation state
nofdee meRatlen tonDatismaidis ofpena , mankod ubekeqgileat 1y eluting the
interseparation of iridiumfroman adm xture of noble
nojpdtealne tedst dyniandpailiiddl wml t2Godnd ionhet onobite imetthleseby
conprising: passing an acidic solution containing .
sepRiraitsc Srpicdiensof sachdifamcai®nochat aindbide omdalosie single
% rou%p at | east aqne chronatog;aphy columm _cont ai ni ng
o, e

Sol=¢ Ah B &M 18 Pitng Tor& o HisFe Fflacffondd. Pt, Ir
SRR R G T
no%é%ﬂ%%&%?gﬁ%%&?%?%gggrgﬁgggkg% %h%okﬁgqh %Bqnc%%%aining
halide feed solution through a chromatograph medium and
adsorbing noble metals on the medium; and eluting the noble
metals using an eluent to obtain separate fractions, each
fraction containing at least one noble metal so that Ir and
Ru ions are separated in an trivalent oxidation state (see
Patent Document 7); a method for the intérseparation of
iridium from an admixture of noble metals containing iridium
and other noble metals, comprising: passing an acidic
solution containing chlorocomplexes of iridium and other
noble metals through at least one chromatography column
containing a solid absorbent; eluting one or more fractions
containing one or more noble metals; ensuring the iridium is

present on the column in a tetravalent oxidation state; and

reducing the iridium on the column from a tetravalent
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- 3 oxidation state to a trivalent oxidation state
and separating an iridium(Il11) chloroconplex from
chl oroconpl exes of other noble netals; (see Patent
Docunent 8); a nmethod of inter separating

pl ati numgroup nmetals conprising; (a) adjusting 5 the
acidity of the feedstock solution to be in the range
of 5.5 to 6.5 MHC, (b) adjusting the redox
potential of the feedstock solution to at |east

pproxi mately 500 nV, (c). passi the acidity- and _
owlé%csa G tsoolauttlrdﬁ’atlt“r‘r”&ugﬁ”éig RO 21 Geparating

LG E” dd ) as&xr&ﬁ%%a%%qrmca@ﬂi e pF other

d I
notq % (f‘n% ar}'.ast 0 r aaeI IF5 encéI lﬂgcu%%nt ,fer ggrietg‘hoadt forfelhqtﬁg_

ati num- dn Fictm i separat
[ Rat nt, );
é%‘%%?“?? i At e TR T ) g cing
th0laitiiaan t ket eefe fe%'éistt%%m%lmrd ¥e'9n RARSiNGge of

the solution through a glycol netacrylate
5 .Ghr@Tet. coMapilc Nedi Waj RASeIPithe tHRacx0Rot diRlialls of the
onto the medium and eluting each adsorbed nobl e netal
fesidstoatk awilditd oottt ia@n lte@ sab tagipt Sdpatatler fooacmvgnsc)
(see Patent Docunent 10). 20 [0005] However, in al
pasfs itige ddiemettiddsy -i nids nesicessajystted wod wspen ahrough a
adsorbents and el uents, thereby raising costs. In
chyematiographie Fegdar iconsdper &hicoaise aewsliliscatosdieand
. separatiqgn efficiency_is |ow Therefore, these nethods
impugisy SdEMERtSs ARG Sl tASUThgoNBuRetipdis Fot HEAFeRGCt with

I
the %&%&E%%g%gphng%%dq%%é %nd (d) eluting at least platinum

and palladium in separate fractions from the medium using an
eluent (see Patent Doéument 9); and a method of
interseparating noble metals from a halide solution thereof,
the method comprising: passing the solution through a glycol
metacrylate chromatographic medium, adsorbing the noble
metals onto the medium, and eluting each adsorbed noble metal
with an acidic solution to obtain separate fractions (see
Patent Document 10).

[0005]

However, in all of these methods, it is necessary to
use special adsorbents and eluents, thereby raising costs.
In addition, the separation operation is complicated and
separation efficiency is low. Therefore, these methods are
not satisfactory as the industrial method for separation of

noble metals.
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- 4 [0006] Accordingly, inthis field, a nethod for
separation and recovery of noble netals has been
demanded, which uses easily avail abl e adsorbents and
el uents and nakes it possible 5 to isolate noble
netal s by easy operation, and is thereby industrially
satisfactorily usable. [0007] Cellulose is an easily
avai | abl e and | ow cost adsorbent, and there were
reported several exanples of 10 separating noble
netalipu3| g cellul ose. For exanple, as a nethod of

separ platinun1using a cellul ose colum, there
o PR A Tt P! BERUEY oo
h I I
an?glrple)aggq/‘req:yo %Zbr]ﬁeaﬁ\ t%%.@ S ?{I ImC %91 Léhl %{’131 tdh B Wses
eégﬂﬂfﬂé¥§iﬂgﬂﬂ@“&d§$?ﬂ®q%%'%%dAeq%ngl %n@e%&@ggnlﬁsp%ssible
| e phase, firstly eluting platinum and

t S URRAGHRAN B 1@! Weitd sPRh) adisyMoperaseduentnyg glUthlGepy
rhodium and elimnating 4- netﬁ& -2-pentanon from

iridiese ielll3t eatlie faekicaiin ysepabate nobl e net al
chlorides (Non-Patent Docunments 1 20 and 2). However,

al so i[poohjs case, it is necessary to use a speci al

el uent, the operation is conplicated, and the

separ @eldnleséi tseanyeasil pnavaheakler andt hewnedbod i s

t horoughly i nappropriate to industrial application. 25
adsgabsntthasd tt%éfrﬁr FeERt TERPEHRESr SeNadaBeeraraieisedf

out
separating noble metals using cellulose. For example, as a

method of separating platinum using a cellulose column, there
was reported a method of obtaining noble metal chlorides, the
method comprising: passing an admixture of conc. hydrochloric
solution of platinum, palladium, rhodium and iridium through
the cellulose column, developing 4-methyl-2-pentanon as a
mobile phase, firstly eluting platinum and iridium,
subsequently eluting palladium, consequently eluting rhodium,
and eliminating 4-methyl-2-pentanon from these eluates to
obtain separate noble metal chlorides (Non-Patent Documents 1
and 2).

However, also in this case, it is necessary to use a
special eluent, the operation is complicated, and the
separation efficiency is low. Therefore, the method is
thoroughly inappropriate to industrial application.

[0008]

Thus, the present inventors had been carried out
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- 5 wvarious researches on a nethod for individually

separating and recovering noble netals fromraw

materials containing a plurality of noble nmetals and

base netal s by easy operation, wusing a cellulose

colum and using an easily available 5 solvent as an

eluent. As a result, the present inventors proposed a

nmet hod for separating and recovering noble netals,

the nethod conprising: dissolving raw materials with a

hydrochloric acid to extract. a plurality of noble
VaﬁéP&P r&ﬁ&arﬁg§é ﬁ@t&l§e§§°@hF8F‘&@déaPGPP&ﬁy SERELARGNI

t.he hyd hi 10 | ut th
R bt L B

; I I
AL BTGBy SUBRSHUCALY L KPR Ul coeracion

usqhgeq %@hqhug@eokoﬁxﬁaoghhoh@&nﬁc'ﬁh@ag ggpageéﬁggﬁeas
I gt

first eluent, and then el ut nobl

soﬂﬁkﬁksaﬁuﬁh a3uéatgol Az Rl ALiave) thEAhHERENE inventors
rut heni um by using a m xed solution of hydrochloric

prapbgdednd hebbbdndbrasepasatand atduedtoiBatiadt noble metals,
Docunent 11). [00091 However, in this nethod, since

thehaenbblde coppalisidg :adiesbédioy trhe sanghéatel Wikhse
colum are eluted by two kinds of eluents with the

hydxzpsaletici meidatborgtramt Bsplueedssyr pif nomlehmethis and
when the first_group noble netals are letely

bagpumegapy ﬁﬁeCh&pgﬂdélﬁ@ﬁptﬂ@nﬁhepﬁsﬁen@hé et hwdrochloric

el.ution i.s carried out by the second el uent.
acAEcﬁP&Pﬁ@P? cpptagniggyf %F?EUWFtﬁésa§8F8uﬂﬁaF fRélulose
oper.at i in

I I I ddi t
coflhs 0858 BlobhTE, RERRTBSsrigatn. BBUELALR, Brucing

rhodium, palladium and the like from the column by using a
mixed solution of hydrochloric acid and 2-propanone as a
first eluent, and then eluting the other noble metals such as
gold, platinum, iridium and ruthenium by using a mixed
solution of hydrochloric acid and 1-butanol as a second
eluent (Patent Document 11).

[0009]

However, in this method, since the noble metals
adsorbed on the single cellulose column are eluted by two
kinds of eluents with the lapse of time, a long time is
necessary from the time when the first group noble metals are
completely eluted by the first eluent to the time when the
elution is carried out by the second eluent. Accordingly, it
is difficult to avoid that the whole operation time becomes

long. 1In addition, in the case of reusing the cellulose



- 6 colum after all noble netals are eluted, the
cellulose is alternately exposed to two different

ki nds of eluents, thereby significantly decreasing
mechani cal strength thereof. Mreover, adsorption
capability of cellulose wth respect to 5 noble netal s
deteriorates, and thus the nunber of tinmes of

repeat ed uses decreases. [0010] Patent Docunent 1. US
4,229, 270E Patent Docunent 2: US 4,543, 169B 10 Patent

T 15 5 S L B Dt e 1
B g P I

}gg%%ﬂgg%éﬁﬁﬁﬁgﬁg% §%%cunenIEQ%%Qﬁfﬁgﬁ%g?%%f%ﬁggh thereof.

U3 dRGHRA 65 éB@Yﬁtt<gf'BeY%Hfﬁ e:%§ ﬂgﬁpect to

MAYQRsReat
20 129 131 Non- Pat ent DOCUWE
ncddle met’%‘l@ﬁ WdteH 1 SPherdsst h Of HilsAtdHal Ruiiead %ﬁ tl\.‘ime% of

Wley & Sons, 1975, pp. 466-479. 7 Disclosure of the

rdpastidd Qises decreases.

[0010]

Patent Document 1: US 4,229,270B

Patent Document 2: US 4,543,169B

Patent Document 3: US 4,390,366B

Patent Document 4: US 4,762,556B

Patent Document 5: US 4,936,910B

Patent Document 6: US 4,885,143B

Patent Document 7: JP 9-133670A

Patent Document 8: JP 2001-98335A

Patent Document 9: JP 2001-516808A

Patent Document 10: JP 2002-303614A

Patent Document 11: JP 2006-193763A

Non-Patent Document 1: "Anal. Chim. Acta", 1958, pp.
129-131

Non-Patent Document 2: S. I. Ginzburg et al.,

"Analytical Chemistry of Platinum Metals", N. Y. Wiley & Sons,

1975, pp. 466-479.
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[0011] The invention has been made to provide a nethod
for separation and recovery of noble new noble
netals, which is 5 capable of efficiently separating
noble nmetals in a pure state by easy operation from
raw materials containing a plurality of nmetals by
usi ng adsorbents and a devel opnent eluent that is
avai lable with a large quantity and at a low price
and are easily restorable after use, and which is 10
suitable for application in an_industrial scale in

whi ch adsorbenE§_£495Péﬁh5*nﬂm@ GEXERE 190 hout

decre 88&%2 adsor ption capablllty for a long tine.

[ 0012] erally, netals included in platinumgroup
net al 1 h ther n.behavi o

wth Taspoafefs Rl BAL Moot BRAD, & BheVEapia e Phoa For

sdﬂdﬂ&t 1eSPask Q%c%@%rgu%f kipds QbwSALyeat fe tgﬁ%étaﬂﬁch is

it isdifficult to arate them fron1eac
capable JFserpti-gRntn %Eﬁ%&ﬁ@ln hﬁoBﬁ@S%@Eaﬂgvgﬂtgriure
ad been carried out various O researches. As
stagsubly, ebigMoblattdodl EupuNakingaderighat kvaky 1hahgea
specific gravity anmong plati numgroup netals, that
pliusalliegvyfphatiaismbyr aspnaetdkssrband saagdoup db&éﬂ.ﬁgmant
relatively small specific gravity, that is, light
elpleati tht deoapandeble wephesedtrdef lenentitipebhadi aksa low
with respect to a 25 certain kind of solvent for
priret rod ane gevélyprestorhbée asddssr pelonand ahlch is
cell ulose colum and that gold which is one. - 8
SuﬁGBPéerréPél &PPdiresénts 1a §Pni1P§PSB§Ha\1«| §Faket ANt Héééh

of .
adsorbents are repeatedly usable without decrease in

adsorption capability for a long time.

[0012]

Generally, metals included in platinum-group metals
are similar with each other in behavior with respect to
adsorption materials or solubility with respect to various
kinds of solvents, and thus it is difficult to separate them
from each other using adsorption and elution.

The present inventors had been carried out various
researches. As a result, from that a group having a
relatively large specific gravity among platinum—group metals,
that is, heavy platinum-group metals, and a group having a
relatively small specific gravity, that is, light platinum-
group metals represent different behaviors with respect to a
certain kind of solvent for elution and development after

adsorption on a cellulose column and that gold which is one
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t he heavy platinumgroup netals wth respect to the
adsor ption and devel opnent/el ution, the inventors
found out that it is possible to easily interseparate
i ndi vidual netal 5 conmponents fromthe materials
containing the plati numgroup netals and gold using
the difference in their behavior, the operation tine
is shortened by separating the heavy plati num group
netals usi ng anot her cellul ose colum, and the

ption capablllty t her eof, can kept although a
of; q‘ﬁﬂﬁ TE TS TP IEFEMTS € reFdtedRPRRERT tHdhetprose of

tﬁeoﬁv%%gv'} Hiat PR g, B S AU FOTEREY 6 DA do a
t f bl
Ao Ao Y %%tn.%r{‘éela% L YRR Ay ous

thré‘%bll% rl%t %n%%t %a 1'?1%%@13 trgt'ealﬁqdlv1d64ﬂl metal

contalnlng hobl e et al S, t met ho conprisin

CORRRRANRY fa Stk lcdle mé@re%ml%r oGl iG] WHOB IR inum-group
treating the nmetals materials with hy rochlorlc aci d;

me2@ 12 )an@aspilag usiagrehal dlydeaeicer iia &QiedrSQJelHalvqrd)r, the
obtained in the step (1) through a first cellul ose

opeafatriont ¢ iredser Bhalrtenleel byblse pretaali ngo nhen ériasyoprilat inum-
cellulose; (3) flowng a m xed sol ution of
grippar oettladisi ¢isdciod amed he2- pedgariose oo lume ,f ianst the
cel l ul ose columm which has adsorbed 25 the noble
adgerRt iosmseRaiid ity thersedp c@p) keptdaldhepding column
sequentlally el ute the noble netal conponents, %gfreby
e

11gn9s ggarst itfg TEREANEHIY MECA CoTFshnTeking

1nven%10n on the basis of these findings.

[0013]

That is, the present invention is to provide a method
for separation and recovery of noble metals as a method for
separating and recovering individual noble metal components
from metal materials containing noble metals, the method
comprising:

(1) preparing a metal hydrochloric acid solution by
treating the metals materials with hydrochloric acid;

(2) passing the metal hydrochloric acid solution
obtained in the step (1) through a first cellulose column to
adsorb all the noble metal components onto cellulose;

(3) flowing a mixed solution of hydrochloric acid and
2-propanone to the first cellulose column which has adsorbed
the noble metal components in the step (2) to develop and

sequentially elute the noble metal components, thereby
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containing light platinumgroup netals and a fraction
cont ai ni ng heavy platinumgroup netals and gold, and
separating and recovering the fraction including heavy
5 platinumgroup netals and gold; (4) further
devel oping and eluting with the m xed solution of
hydrochl oric acid and 2-propanone to sequentially
separate and coll ect a palladium containing fraction,
a ruthenium containing fraction and rhodi um
containing fraction 10 fromthe fraction containing
SeﬂaﬁﬁFlﬁﬁagPﬁuHPEPSUBeﬁéﬁaFgWPOPSFtﬁaé§FﬁgatﬁEaFF&EPion

.ai,ni . | ati I d | d,
coBEATHEd (ASFhe PR A L8] SERAB.GR A ocabond CERFiAege
I I t.ai
e Rt Y 8128 2R "Be P DEBSTE be, 532475

nér et ACort ] sl df: °15 6
g0 R o R i o

pladsankedrcubemaelhe ABLaLoganPonents obtained in the
step (5) to develop and sequentially elute the noble

net al (¢PNpeRENés, devEESEDYg SERAT &1 hNTh@ Wi €9l tigethNge @
gold containing fraction, 20 an osm um cont ai ni ng
soflunadbnopf agdirvctilvmicoatadnang braebpanonandoasequentially
pl ati num contai ning fraction; and (7) recovering the
sepalybsemendl socddecsokapedladtiaimscohtenmtihg f£eapedbnyea
fractions collected in the steps (4) and (6). 25 .
ruthgprapnHepataining Asaeyiphasnduirhgdoup senbhRéndegofeaction
- ~:1
from the fraction containing light platinum-group metals;

(5) passing the fraction containing heavy platinum-
group metals and gold obtained in the step (3) through a
second cellulose column to adsorb noble metal components
contained therein onto the second cellulose column;

(6) flowing a mixed solution of hydrochloric acid and
l-butanol to the second cellulose column which has adsorbed
the noble metal components obtained in the step (5) to
develop and sequentially elute the noble metal components,
thereby separating and collecting a gold containing fraction,
an osmium containing fraction, an iridium containing fraction
and a platinum containing fraction; and

(7) recovering the noble metals as isolated metals
from the respective fractions collected in the steps (4) and
(6) .

[0014]

Herein, the heavy platinum-group metals denote

- 10 -
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pl ati num group netals having a specific gravity of

appr oxi
22.5),
(speci f

mately 22,
i ridium (spec

ic gravity 21.

that is, osmum (specific gravity

ific gravity 22.4) and platinum
5), and the |ight platinumgroup

metal s denote 5 platinumgroup netals having a

speci fi

c gravity of

approximately 12, that is,

rut henium (specific gravity 12.2), rhodium (specific
gravity 12.5) and palladiun1(specific gravity 12.0).

10 Brief Desc
Platdnygy SHPLP)

sui t abl

aPpredefit
i r(l:j QY GRL I

escrib

BeadeRtron ars.

% ec193 %rﬁ i

the Drawin 0015] Fiqg. 1 i s

ri ption s [ .
W?gﬁéﬁlHﬁvéﬁgeﬁaﬁﬁﬁ€lgﬂcaﬁra3ﬂ Xr

the met hod, accordi ng_t

BesPSNBHE f bYPRAHT VT n%r%\ﬁ’ct}’h%z 5)
II
2 I Tt

grQb@%@nbl'gyenghgnth@SIQ§% 1églﬁﬂhepk@h g@%ﬁ%nﬁﬁgote

nobl & netal s used as

plak&nhag Qb@poﬁeﬁgﬁgehﬁeﬁﬁbsaaﬁge%@QE%dgrgQEQQ'@E to be
ordlnarlly di sposed such as wasted catal ysts™ for

apptbixiybfglgutonobhke exhawstheasumCakpkystscl ghavity 12.2),

synt het

ic reaction,

raw nateri a ere

el ectrol ysis el ectrodes,

rhebeéatr dspecidipogeatityand .2 antli padiladituaotbpecific
|'s. Exanples of the raw ore include gold ore,

materi a
grpivatind

g-80e, nicke

ore remnants and the like, - 11

whi ch generally contain plural kinds of unnanmed and

not -

Brief Description of the Drawings

[0015]

Fig.

1 is a diagram illustrating an example of an

apparatus suitable for embodying the method according to the

present i

nvention.

Best Mode for Carrying out the Invention

[0016]

Hereinafter, the

invention will be described in detail.

In the method according to the present invention, as metal

materials containing noble metals used as raw materials, for

example,

there are raw

ore of noble metals and wasted

material to be ordinarily disposed such as wasted catalysts

for purifying automobile exhaust gas, catalysts for synthetic

reaction,

electrolysis

electrodes, electronic components, and

artificial tooth materials. Examples of the raw ore include

gold ore,

platinum ore,

nickel ore remnants and the like,

- 11 -
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specified noble nmetals and base netals. Accordingly,
it is generally necessary to pass through all the
above-described steps (1) to (6) using two cellul ose
colum and two kinds of 5 eluents. Thus, it is
possi bl e to know the kind of individual noble netals
contained in the processed raw nmaterials. [0017]
However, in the case that the kinds of noble netals
contained in electrode materials, catalysts,
ificial .tooth 10 nmat rlals have been known to some
w generalily sendadie a&nﬁlnéﬁy Oénémafaﬂ@@eagldt Rt -

f f .the pobl e net
e SRS pE L Ssﬁvyta&%raﬁl §Selubainy Broeeatraln it ie

ge%%%a%ﬁ?p§e%%§ %Ey( ?%% Q%r%%g% %Eh”%e Q%PP?JS%E%%ribed
stEQQJ%h IRt h% SE%Hnglkw%C%QEQHﬁ%sEOcBH%mBr%ﬁ%ﬂ%wo kinds of

i ivent i on, terial’s contalning noble netals are
ellelsed Thﬁg bydggc b@éiﬁléctg kﬁo@r€ﬂérﬁ1nd of 1nd1v1dua1
hydrochl oric acid solution. le nmetals are stab

nodal At adel doakdiaed Aot t@meswbwé@slayﬂ %Qwh)hdﬁ:@(fth%LC

aci d. However, when an oxidi zer coexists, the noble

met al §0are] di ssol ved to form hydrochloric acid

solution of chloride. As the oxidizer in this case,

chl orHdesyerchinrtlde gaserthangtbenponddsof fupble metals

exanpl e, perchloric acid, salt thereof, concentrated
CoﬁﬁﬁﬂP@daéPdeéﬁﬁtFﬁéelmﬁéeﬁaﬁlﬁe ggtadestsa prkédicial tooth

solytion_ of 3-volune of concentrated nitric_ acid and
mafe\’fdla&ﬁehéf’ec!?ﬁ@é‘nﬂ‘PSf’é‘dtﬁ| FPME &&tENEs 46- d&I Pegsipbie to

ua reqia, h ea%hl¥ di ssol ves oId gl%tlnun1and
SFné/f ne o S eps a are not ne essar or recovery Of

the noble metals, for example, any one of the adsorbing
process such as the steps (2) or (5) and the developing and
eluting steps (3) and (4) or the step (6) can be omitted.

[0018]

In the step (1) according to the present invention,
materials containing noble metals are treated with
hydrochloric acid to prepare hydrochloric acid solution.
Noble metals are stable against acid and are not dissolved by
hydrochloric acid. However, when an oxidizer coexists, the
noble metals are dissolved to form hydrochloric acid solution
of chloride. As the oxidizer in this case, chlorides,
chloride generating compounds, for example, perchloric acid,
salt thereof, concentrated nitric acid and the like may be
used. A mixed solution of 3-volume of concentrated nitric

acid and 1l-volume of concentrated nitric acid is so-called

- 12 -
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noble netals. Silver reacts with hydrochloric acid to
be silver chloride, nost of which is precipitated,
and thus silver is renmoved by solid-liquid separating
means such as 5 filtration and centrifuge. [0019]
When materials containing noble netals are dissol ved
using concentrated nitric acid or aqua regia, it is
preferable that the obtained solution is heated to
about 10 100C, air or inert gas are bubbled to renove
nitric acid, and then the step (2) and the follow n

AgAL eSSy 3 chh sasdilve d1sPedrEE 9I°|3rdt'hé"1§tté|5m(“2)a,nd? Fest of
ne g;pchl ric cid solution 15 ﬁo&%ainigg nobl e netal s
CaF&d St t RET¥EEPFEAT P sV A otETTOrBIBRSE #RFBubR Be
. i 1.1, ' [ t, .t
siIYTRR A8 Milobe B Wil 3% PlecdaRRell dpepus

sindte 1% Q%ﬁ&ﬁ%@b%& %%l&%—qugh?E%eﬁg&a%QE HeBRs sggh as

[0021] 20 The cel'l ul ose use thi's process may

fiMeg@tabraRha eRetefi rRgdlural cel lul ose, regenerated
cel lul ose, nercerized cellulose and the |ike, which

may beosebgcted from cel lul ose having high
a-cellul ose content and used as a filler of genera
chr ondhegraphyrifast contaihynggnablé anecel suhpsed25solved
suitable as a colum filler is preferable. It is
uspngf eoasleat regedsaithiis eclidubrseqas pewder haviisg a
di ameter that can be - 13 enbodied in an industria
prefgreblenshats the phtgdaedeisghtitdpn is heated to about

100°C, air or inert gas are bubbled to remove nitric acid,
and then the step (2) and the following processes are
performed.

[0020]

In the step (2), the hydrochloric acid solution
containing noble metals obtained in the step (1) is allowed
to pass through a column filled with cellulose as an
adsorbent, that is, the first cellulose column. In this case,
a flow rate is preferably 15 to 40 ml/hr per unit area.

[0021]

The cellulose used in this process may be made of any
one of natural cellulose, regenerated cellulose, mercerized
cellulose and the like, which may be selected from cellulose
having high o-cellulose content and used as a filler of
general chromatography. Particularly, granular cellulose
suitable as a column filler is preferable. It is preferable

to use this cellulose as powder having a diameter that can be
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0.15 to 0.40 g/m, but fiber-type cellul ose may be
used as necessary. As the fiber-type cellul ose,
fibril cellulose is preferable. 5 1In the step (2),
nmetal s including base netals contained in

hydrochl oric acid solution are adsorbed on cellul ose.
[0022] In the step (3), while the adsorbed noble
netals are 10 devel oped by flowing a m xed sol ution
of hydrochlorijc acid and 2-propanoneto the first

el J.ul ose col y whi ch _has _adsorbed .t he nobl.e netals
embodisel iry ad &%%,trtlﬁ& FEBILE ek dsar & Moduee, wedght of

bl e tals are separated into a _fraction containing
0-FPghP Brad Hiilar B Hersrs take Selduleze gy be used as
LQj ng,he [.n r s an I d n .
ne R T Tan By, BBRE hIR S BUPLTER SRS B et ideee 1
prgngagl§.collekted and' recovered. In this case, as
t he developnenF eluent, a m xed solution of
hydr oghl ohé Cs@spd(BaYi REcatONERAT hALhY ke ZnkPa12M
preferably, 2 to 10M and 2 20 propanone at a vol une
cohabiined ih h§drochdokik0at@d soustdon GhieS aSigpabali eh
is performed by detecting the fractions using a
cedadmdosehavi ng factors such as absorbance of
ultraviolet rays! or visible rays, refractive index,
condu€®?2ty and: X-ray, and by dividing fractions into
25 different cbntainers using a switching val ve or the

like. In[Bp237tam (3h, tWelleephesydsapepdiheble metals are

devel o nt _and  separ at,i on
deve%opegngy f?owingpa mixed solution of hydrochloric acid

and 2-propanone ito the first cellulose column which has
adsorbed the noble metals as described above, the noble
metals are eluted, the noble metals are separated into a
fraction containing light platinum-group metals and a
fraction containing heavy platinum-group metals and gold, and

the fraction including heavy platinum-group metals and gold

is collected and recovered. In this case, as the development
eluent, a mixed solution of hydrochloric acid having
concentration ofi 2 to 12M preferably, 2 to 10M and 2-
propanone at a volume ratio of 1 to 5; to 1 to 10 is used.
This separation is performed by detecting the
fractions using a sensor having factors such as absorbance of
ultraviolet rays: or visible rays, refractive index,
conductivity and X-ray, and by dividing fractions into
different containers using a switching valve or the like.

[0023]
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usi ng the m xed sol ution of hydrochloric acid and
2-propanone are further continued, a palladi um
containing fraction, a rutheniumcontaining fraction
and rhodiumcontaining fraction 5 is sequentially

el uted. Then, these fractions are separated and
collected. [0024] 1In the step (5), the fraction
cont ai ni ng heavy platinumgroup nmetals and gold
obtained in the step (3) is 10 allowed to pass through.

a second ceIIqus% colum to adsorb_. noble netals onto,
cel | uFBsERe| AteRe (41 ep¥{ie}, the nfiR B ORBEDE | BRdoPepParation

us% 30 Eef i 5Ea Bo Pk SEEBEVERGS Acd% P 2 g opanone
e Fan ATRER, BERTISA R, SoREatrRY BrdcPanns

ru%%%%ﬁhm RStk @%ﬁh fra@@qoﬁlQhﬂt%ggﬁhﬁﬁnggthqgl fractlon

fraction are sequéntially eluted evel o

1sa%@q%b%khQQIQVQQQ§%d Th@ﬁ@nfV@Héé9n§r§é€1o§§p§f§t§Qparated
and collected in the sane manner as the step (4).

andheodaleltiease filling the second cel |l ul ose col um used

in 20 the step (5), the same cellulose as the

cellullos24lised for the first cellul ose colum may be

used. As the developnent el uent used in the step (6),

a m xéd sbéustep 6%) hythechrart ton acout hawimg heavy

concentration of 1 to 12M preferably, 2 to 10M and
platgpugneroap aetslgnaéndagrddopbtaiped; inothet step i(3) is

%sed 25 [0025] Anpbng netal s except _noble netals
aliﬁgpgdge PASSakrough™ asecend cellulose column to adsorb
noble metals onto cellulose. In the step (6), a mixed
solution of hydrochloric acid and l-butanol is allowed to
flow to the second cellulose column to develop and elute the
adsorbed noble metal components. A gold containing fraction,
an osmium containing fraction, an iridium containing fraction,
and a platinum containing fraction are sequentially eluted by
the development and elution process. These fractions are
separated and collected in the same manner as the step (4).
As the cellulose filling the second cellulose column used in
the step (5), the same cellulose as the cellulose used for
the first cellulose column may be used. As the'development
eluent used in the step (6), a mixed solution of hydrochloric
acid having concentration of 1 to 12M, preferably, 2 to 10M
and l-butanol at a volume ratio of 1 to 5; to 1 to 10 is used.

[0025]

Among metals except noble metals included in raw
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materials, that is, base netals, netals having | ow
affinity to cellulose, for exanple, zinc, iron and
the like are flowed out w thout adsorbing themon the
first cellulose colum. Accordingly, these base
nmetal s are separated and renoved in 5 the step (2).
Metal s having high affinity to cellul ose, for exanple,
copper, chrone, nickel, manganese, |ead and the like
are adsorbed together with noble netals on the first
cel l.ulL.ose _colum and possibly the second cel |.ul ose ,
mat &S HEREFer S i RAEE MREadSepdetalsakh@Visp, lowegdfinity
bas tals represent .very, different hehaviqr, from
£ GBA UHEES s Tt FRPREEeL 25 hd T oRerlophEnt EFuBE, Tlowed

ouzh%&%%%B%’ahgogggﬁghQ%%%e%%E%’ei%i%%&zg%ﬁi%g£$ﬁg%olumn.

€asi |y separate se netals

AcE%&bﬂ_Eﬁg&c%%kéknhﬁgefﬁé%%h nar%h%e %&%ﬁ%%“ghd removed in

cont ai fraction and rhodi umcontal ning fraction,
thehis¢Rp qan be obtained in the step (4), or the gold
containing fraction, the osm um containing fraction,

the imédals heonhgi Righ Arachiep esdcéhBupbaéi NEGY example,
contai ning fraction, 20 which can be obtained in the

copbep , ( Ghrome;| ndekedhl eamghalkse,ad chddnadhicbei deke are
Accordingly, in the step (7), hydrochloric acid,
adgopbegatogetberlwitthanoblar aetadsved byre dissitl kefliodose
operation such as distillation under reduced .
copuass gnd Pese ibRentygl secoasi ¢eddudpser 6g3ume -orHowever, in
reduced, 25 therebX i solating and recovering the
I

thgeSiteRd rdpl 8Ret'&l s 488 ReEs M§Eads. reprgsent very

different behavior from noble metals with respect to the
development eluent. Therefore, in these processes, it is
possible to easily separate such base metals.

[0026]

The palladium containing fraction, the ruthenium
containing fraction and rhodium containing fraction, which
can be obtained in the step (4), or the gold containing
fraction, the osmium containing fraction, the iridium
containing fraction and the platinum containing fraction,
which can be obtained in the step (6), include noble metals
as hydrochlorides. Accordingly, in the step (7),
hydrochloric acid, 2-propanone or l-butanol are removed by
distillation operation such as distillation under reduced
pressure, and then solid residues are roasted.or reduced,
thereby isolating and recovering the desired noble metals as

a metal group.
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[0027] Next, an enbodi nent for continuously carrying
out the present invention will be described with
reference to the drawing. 5 Fig. 1 is a diagram
illustrating an exanple of an apparatus for enbodying
the nethod according to the present invention, which
includes a first cellulose colum unit (lI) conprising
a standing colum 1, a liquid feed pipe 2 connected
to the top of the colum 1, and a liquid drain pipe 10
3 con ed to the bottomof the colum 1; and
sinilgsgé7 a second cellulose colum unit (11) ;
conpr.Si a colum,1' ,  a_ liquid feed pipe 2', and a
|1 qui JEHF &) AP pF RO MerbobaT 3%%%%%?%@1—”@52@ qit the
Lyl r fihli l, rs.4,.and 4' ., _an
prplier; SPEBEIE Wity B0 aesaruBUR BatpOheirent®ico the
dra¢dpectively. The liquid feed pipe 2 of the first
cel |l Gl ose colum unit (I) comrunicates with a netal -
cont aipgngi hyslr gchl a5t smaci tysotakt m§ gﬁnéﬂarﬁﬁtgie (Ptan
shown) and a devel opnent el uent container 8 through a
apparhthisngoz0evbbdgitg The heghbd deabRdRhBetd the present
communi cates with a plurality of division receptacles
inyeéntherouglhaghelieclndesca fwrschipdluabge 8olAmn unit (I)
detector 11 is disposed to the liquid drain pipe 3
copprwedndt hestahdangbepriumnadd ehéighedt femdcpipe 2
smﬁtchin% valve 9, and the switching valve 9 is ' _
copperkeddtosthecsPri A§ £bet Relumpedt i oRdr asdiiguighdrain pipe
switching valve 6, also serves as_a connection pipe
3 FEPNSCESHnEasEBE BRritgm ofqghe column 1; and similarly, a

second cellulose column unit (II) comprising a column 1’, a
liquid feed pipe 2’, and a liquid drain pipe 3’.

[0028]

In the columns 1 and 1’, cellulose powder filling
layers 4 and 4’, and filters 5 and 5’ for fixing them are
housed, respectively. The liquid feed pipe 2 of the first
cellulose column unit (I) communicates with a metal-
containing hydrochloric acid solution container (not shown)
and a development eluent container 8 through a switching
valve 6. The liquid drain pipe 3 communicates with a
plurality of division receptacles 10 through an electronic
switching valve 9. A detector 11 is disposed to the liquid
drain pipe 3 between the column bottom and the electronic
switching valve 9, and the switching valve 9 is operated
according to the detection result. The switching valve 6

also serves as a connection pipe for a compressor and a
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pressure control port, which applies pressure to the
colum to control a flow rate of a devel opi ng
solution. The first cellulose colum unit (1) is used
to isolate and recover |ight noble netals after
flowi ng out gold and heavy noble 5 netals, and the
second cellulose colum unit (I1) is used to isolate
and recover noble netals of gold and heavy nobl e
netals. The liquid feed pi pe 2' of the second
Is_gonnected to a

cel lul ose  col.um Pg hf
eré@@ﬁFaEPQtfflePrﬁ f| £hf ARPLLER RYSFSUKE &PvitEeofolumn
t acl O f he f t | ul I .
to FPRERPOugh FA ¥ %ﬁ.eﬁg' GaPTEe 3o nposaa R E T8 ar FOF b Tt
ceﬁﬁglgggs%gﬁu%%tﬁgq IrSEs ﬂsgﬁtﬁh 1%%&% Inl?ﬁ recover
ydrochl oric aci solu ion is supplie rom

11?%baho%Q%t%bEbﬁ§ Qx@@QC@hgaaﬁgagh@ gehataﬁa et} ﬂsble

t 15 shown) to the top of The cofum 1 operati ng

metBe s$WahehitRg svabvne @el@ﬁ@o&@eeoﬁnﬁnhﬁﬁﬁﬁcn&@@'Esaﬁb@d to
solution is allowed to pass through the cellul ose

isbilbliengnbayeecoderDubblg mBealbydfogbliar kedagedvy noble
sol ution passes through the columm, netal chlorides
meitalehe Hyerbidphddi Leadipipel 2t | ofh e selsatidece bhibose
20 the cellul ose. [0030] Then, a devel opnent el uent,
cofhan PgltaﬁlédnﬂﬁtGpenéﬁteﬁyupo@hk@c&ptacﬂd 38l Goiroa first
and 2- propanone is introduced by swtching the
fragi-ien Aigofalbe givisirRarerRptashre ABtafsthpefisst

r at ed nto a fract on. A contai ni ng heavy
cegﬁﬁ??ﬁﬁnfﬁ 30p URdtald Baﬁﬁrﬁﬁﬁﬁ ﬁnﬁwégFPéEE|8ﬁlBe 6".

contatgbgglllght plati num - 18

To carry out the present method, first, a metal-
containing hydrochloric acid solution is supplied from the
metal-containing hydrochloric acid solution container (not
shown) to the top of the column 1 by operating the switching
valve 6, and then the hydrochloric acid solution is allowed
to pass through the cellulose filling layer 4. During the
hydrochloric acid solution passes through the column, metal
chlorides in the hydrochloric acid solution are adsorbed onto
the cellulose.

[0030]

Then, a development eluent, that is, an admixture of
hydrochloric acid solution and 2-propanone is introduced by
switching the switching valve 6, so that the noble metals are
separated into a fraction A containing heavy platinum-group

metals and gold and a fraction B containing light platinum-

- 18 -
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group netals. Then, when the devel opnent eluent is
conti nuously supplied, first, the fraction A
cont ai ni ng heavy platinumgroup netals and gold is
flow out fromthe bottomof the colum. At this tine,
metal conponents in the liquid 5 drain pipe 3 are
detected by the detector 11, and the solution is
collected in the receptacle 12 for a fraction A until
the nmetal conponents in the flow ng-out solution are
d. ~When_t he change of the netal conponents is

h
9r§8§2%§§8}s'iﬁ?%?ﬂatyg aBB%té?ﬁ%%oPge?Faﬁ H?FFeHStp a
R R MRt C—
\ ti ' h f th | th_f h
sBLSOTRL PR AT O 1S LGP A D o o

thel ¥bSLRAA . T eLEPLREL e'f%@e, [rQQé%T}% cdmpbhigtsalh the dffawd

pl ati num group netals and go are separated an

driegoyepediagrdegetibeddabyvenct hetsamer devehLapment
eluent, i.e., the mxed solution of hydrochloric acid

sodndidnpiepanalecktedstippkhed rbrepracdevebopaent €hkdeltion A
supply pipe 7 to the devel opnent el uent container8 to

unf@lcohei meeaflheocdpueknprent apai ilowdnghbstcaséutiohl are
metals included in a light platinumgroup are

changedi dudhéey separharde afdtbeunetdalwhpwpoapets is detected,

., collected in the receptacles 10 by operating the

infqrPahing ohPyE Yhatedpebtppemyttadcspdrnghytching s

meggssLble to obgain a rhodiumcontaining fraction, a 25

fR&AMUATPEENEAPHPAGOE r BBBI BheChRAACpENLRGhaRE valve 9,

angthgigkﬁgchEESC%B Qé 9 %gtomatically switched from the
flow path for the receptacle 12 to the other flow path for
the other division receptacle 10.

[0031]

After all the heavy platinum-group metals and gold are
separated and recovered as described above, the same
development eluent, i.e., the mixed solution of hydrochloric
acid and 2-propanone is supplied from a development eluent
supply pipe 7 to the development eluent container 8 to
continue the development again. In this case, noble metals
included in a light platinum group are individually separated
and eluted, which are collected in the receptacles 10 by
operating the switching valve 9, respectively. Accordingly,
it is possible to obtain a rhodium containing fraction, a
ruthenium containing fraction, and a palladium containing

fraction.

- 19 -
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[0032] Meanwhile, the above-described fraction A
containing the heavy plati numgroup netals and gol d
collected in the receptacle 12 is allowed to pass

t hrough the other columm 1' 5 having the sane
structure as that shown in Fig. 1 so that noble neta
conponents are adsorbed onto cellul ose. Subsequently,
a m xed solution of hydrochloric acid and 1- butanol
is used as a devel opnent el uent, heavy pl ati num group
netals and gold are separated and coll ected by the
sane i@osﬁération descri bed above. Thus, a gold

ani (TBFORRELAL 2P AT h@b??sé’i%“%%ﬂé%ﬂt €ir§%€f’?%r ¢6fFaining
B e R e Y N s

relepryakath Hg*QEQBQeﬁEFéhga?thQQEQgﬁr%heeﬁgﬂﬁge?ﬁlumn 1

n
using a 15 ditfferent colu romthe~col unm use

hathagdevel epmenkraidrusepasathal gholheihi 8L, 1 so that
pl ati num group netals. Both of two colunmm Operations

nobae hetper tompedentsonge hagetbed whth thBeMulose.
Accordingly, it is possible to remarkably shorten the
Subeequeny lyi, me ofixeHespitualien 36 Apdebuohilomirateidf ahbel-
devel opnent and elution is set as a rate sufficient
butenednpletisey separ deweilhemaobl eluenal heemyaphrhgnum-group
fractions, thereby increasing purity of each noble
meﬁéﬂélaeénsaﬂﬁearﬁnSéaéﬁaﬁﬁécﬁnéncoAieatﬁésQVtFhEtsage
possi.bl e to obtain high-purity noble petals. 25 [0033] .
OPSIAtoRRnGRECARASE- BEPERol THIE het B dertdberg fraction,

anzgsmium containing fraction, an iridium containing fraction
and a platinum containing fraction are subsequently obtained.
Development and elution of the fraction containing heavy
platinum-group metals and gold are performed using a
different column from the column used in the development and
separation of the light platinum-group metals. Both of two
column operations can be performed at once together with them.
Accordingly, it is possible to remarkably shorten the
recovery time of the metals.

An elution rate of the development and elution is set
as a rate sufficient to completely separate the noble metal
containing fractions, thereby increasing purity of each noble
metal contained in each fraction. As a result, it is
possible to obtain high-purity noble metals.

[0033]

2-propanone and l-butanol in the used development

- 20 -
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eluents, i.e., the m xed solution of hydrochloric acid
and 2- propanone used for the first cellul ose colum
and the m xed solution of hydrochloric acid and

1- butanol used for the second cellulose colum are
distilled and refined after the 5 recovery, which can
be reused. Although a part of cellul ose recovered
fromthe first and second cellul ose colums is
converted to glucose by the reaction with hydrochloric
acid, the cel%ylose can he reused by washing it to

elpgptsa JI-Gcosthe Fixed sp UGéPPuP@s@Yﬂgeﬁ@éPéﬁcfES#@ and 2-
I 10 t ed I th t )
o BT 3 550,50, T Lk B mine
| t t
solEEIBATBe AydREeRedc AL Ay AT RURRCR L8R cox rhe

seE@%d %%ﬁ!%ﬁbb%nﬁbl%hﬁgh ecgg%@Q1ﬁ§Bngnh“Qe%ﬁﬂga g%ter the

devel opnent el uents. Accordingly, the nunber of

reebve@gen@hakihokanlbel eRekLEH . ONAUSBoLGR £3585 bP é@flulose
nmet hod according to the present invention, it is not

repecessdr From CAEl Fivyt bhe peecasseslundeseheatipgsass
the conventional nethod, and all the processes can be
copperatdd tondéucpsenbyerper atareioR0wifh3hdNexhlotrhe acid,
best node for carrying out the present invention wl]l
theeceddeipbedcby bramphesd but wakbipgesénto imwenei ghucose.
is not limted to these exanples at all. [0035] 25
SipsRpsPSt FeLELERSI cEovRrRAUEEOBf thROdRERECRANGafed NS is

trea@pgroniaoalt%ht e resbe%%lve development eluents, there
is a little decrease in mechanical strength or adsorption
capability as compared with the case of treatment of the
conventional single column using two kinds of development
eluents. Accordingly, the number of times of regeneration
repetition use increases.

In the method according to the present invention, it
is not necessary to carry out the proceéses under heating as
the conventional method, and all the processes can be
operated under room temperature.

[0034]

Next, the best mode for carrying out the present
invention will be described by examples, but the present
invention is not limited to these examples at all.

[0035]

Comparative Example 1:

Mixture of rhodium, manganese, copper, iron, chrome,

- 21 -
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ni ckel and | ead was di ssol ved by addi ng aqua regia
thereto, and then nitric acid was renoved by heati ng
and concentrating. Rhodiumchloride crystals were
deposited by the concentration, and concentrated
hydrochl oric acid was added thereto, which 5 was
conpl etely dissolved. A part of rhodium chloride was
reduced by this treatnment, and thus this was

conpl etely oxidized by passi ng through chl orine gas,

therebycﬁreparlng, a chloride, 10 ml of a
nlW&#o@ﬂ €@ Sa ¢eg %Isﬁﬂl&‘?d By eAGDEg 3ANGdirePie. thereto,

B PRS0 R BB S50 Rand 0 F i

Rh%%ﬁ ﬁﬁ%%ﬂ%fﬁae5%r@%t%ﬁ ZW%%%p%%%%%l%n%P%p hﬁhconcqntratlon,

osé produce pon em ca
angoconE% tTaQr o%ﬂﬁ%rl Ca Q?d%da@ %Qekg t@%lch
prepare roc l'oric aci solutlon I

wast Icromp%ttah@, @ﬁétskbrl%edl5 Mnﬂ§ftr89”}f188pﬁtﬁa$:1ﬂ8rh8e was
atmosphere of nitrogen for 4 hours. After all netal

relddked byl ke is0lkelaemener, € aads @hbed tBA sCohlsuleapletely
powder, the mxture was filtrated. The filtration

oxtiedizéde bywphae suagh et roygh0 chill oafin2- paepanbeeebhr peeparing,

times. Then, water was allowed to pass through the
ascel clleoga d20 adsodbiofigat hydmrecall ordrs asd dt safl uthen

metal ions were renoved fromthe cellulose to the
copgaéeiads shediom 0[-00869, ThadJpasskEt AnB4&qdeogoprper 1.685 g,
. solution was quantitatively anal%zed by an atom
1rept ilnéfirof aﬁ&Fﬁ?@rotQZQeﬁerﬁﬂﬁ§e h& -858c 8nédck L&ridoR - 026 9.

i.0 nd a recovery r t her_eof
SR EGRET L Vs 50 PUs Gt 2~ PREEABEBFLARTat boS0PEr REdAIIPSS
poW%%r (p%%duced by Nippon Paper Chemicals Co., Ltd.,
products name "KC FLOCK") were added to the prepared
hydrochloric acid solution, followed by stirring the mixture
under room temperature in atmosphere of nitrogen for 4 hours.
After all metal ions in the solution were adsorbed on
cellulose powder, the mixture was filtrated. The filtration
residues were washed by 20 ml of 2-propanone three tines.
Then, water was allowed to pass through the cellulose
adsorbing the metal ions so that the metal ions were removed
from the cellulose to the agqueous solution.
[0036]
The resultant aqueous solution was quantitatively

analyzed by an atom extinction analyzer to determine the

concentration of the metal ions, and a recovery ratio thereof

was acquired. As a result, the recover ratio of rhodium was
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89. 0 mass% mnmanganese was 96.0 mass% copper was 78.0
mass% iron was 0.5 nmass% chrone was 83.0 nmass%

ni ckel was 99.0 nmass% and | ead was 99.0 nass%
[0037] 5 Rhodiumwas efficiently recovered as a
rhodi um chloride hydrate by this nmethod. In this
case, a considerable anpbunt of iron was renoved, but
the other base netals remained together with rhodi um
To increase purity of rhodium the rhodium chloride
10 was i solated fromthe other noble netal chlorides

)

89,0 B3SE* nBRRPARRFEr aEs 2By Ot RBSEFocESEPEE| HESt f8 -0 massd,
._first caolum. Rhodium could bt ai ned as i ngle
ol Sa5ef o Bpeakas G OMEQHES: i BoRAER wnPrERRLabRAG9? O
e h 0 ric.agkdssqolutbon. [0038] 15 Conparative
ma%%éﬁp¥gﬁ2gg ?e@%gugPyP §8#g°mas di ssol ved by aqua
regiafogypfiun1 powder was all owed to pass through
hydrogen at about 200C so that no rhodi um oxi de
remai gRddi Whi $dls Wasr Deteh P Aeboddrdyfochl ndgi@gi d
sol ution, and then was heated to 80C while 20 passing
chibradghhgAkaeenbygahismtahoahodinmmwbs ¢d@ske, iato a
chl oride. The chlorauric acid and rhodi um chl ori de
coseglideirab3e ahbanhedfi hrsuctvaa mramoeedywebetunder other base
reduced pressure. The chlorauric acid solution was
megahsenematodduhpoetheroviihly rhpdiogen. The deposited
rhodi um chloride crystal was 25 dissolved by _
conceh® r iR ee dgeirveht oy | @f achediymertelsy r&ﬁ%%ﬁmi¢ﬁﬂqxnde
m of _a hydrochloric acid solution including. - 23
was isolated from the other noble metal chlorides or base

metal chlorides by the process using the first column.
Rhodium could be obtained as a single component, by adding
magnesium powder while heating the hydrochloric acid solution.

[0038]

Comparative Example 2:

Previously, gold was dissolved by agua regia. Rhodium
powder was allowed to pass through hydrogen at about 200°C so
that no rhodium oxide remained, which was put into a 6 M
hydrochloric acid solution, and then was heated to 80°C while
passing through chlorine gas, metal rhodium was made into a
chloride. The chlorauric acid and rhodium chloride solutions
obtained in such a manner were under reduced pressure. The
chlorauric acid solution was concentrated until removing
nitrogen. The deposited rhodium chloride crystal was
dissolved by concentrated hydrochloric acid, thereby

preparing 10 ml of a hydrochloric acid solution including

- 23 -
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gold 1.465 g and rhodi um 0.2333 g, which was used as a
standard reagent. [0039] The standard reagent was
divided into five equal parts, 5 which were put into
five beakers having a volune of 50 ml, respectively.
10 g of cellul ose powder and 2-propanone, which were
the sane used in Conparative Exanple 1, were added to
one of them and they were stirred under room
tenperature in atnosphere of nitrogen for 4 hours,
ereby adsorbjng 10 rhodium.ions in the solution on
90351 Lui¢sse S %éﬁ]@éﬁﬂﬂy,o 2R 38| HdsE ¥dSoMFey ahé
trh di um was washed three tines by 20 m of
S EP%F5 K6FE€S™ e rhodi um was separated fromthe
cel lul-gse ?y hydrochloric acid solution. Chlorauric
acid &as ? ansferred into 2-propanone solution by 15
th! STRARCLRLHA-aS HBAEEHE Nuk, di DY RBOL LR MRS JHIAAM parts,
reduced pressure, and then was 3|ssolve in water,
whiiRer GRY-cORLRI NIRG AR AWERARES oS Hlatiting 20f ARIY ¥4 5@ m1,
acid. The sane operation was repeatéed four tines,
reépled ikRe ysameocgl bl 6681uf 8940powd@rCahd ROPropanocne,
concentration and rhodiumion concentration of five
whiahp we reolthiel eameobis@idnad Compuaetatd vienEx@mpler €, were added
determ ned by an atom extinction nethod, and a recover
tor gniep oft dvemof ands thletvaiwesd. sThe reds windeirs roloowtemperature
Table 1. - 24 [Table 1] Nunmber of Repetition 0 1 2 3
ingatmesphereg@f7ngt rogeg fogs43hours, thereby adsorbing

rhodium ions in the solution on cellulose.

Subsequently, the cellulose adsorbing the rhodium was
washed three times by 20 ml of 2-propanone, the rhodium was
separated from the cellulose by hydrochloric acid solution.
Chlorauric acid was transferred into 2-propanone solution by
this operation, subsequently, this solution was under reduced
pressure, and then was dissolved in water, thereby obtaining
an aqueous solution of chlorauric acid. The same operation
was repeated four times, using the same cellulose.

[0040]

Gold ion concentration and rhodium ion concentration
of five sample solutions obtained in such a manner weré
determined by an atom extinction method, and a recover ratio

thereof was obtained. The result is shown in Table 1.

- 24 -
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Recovery Ratio (%9 Rh 97.3 95.5 93.6 87.5 82.1 [0041]
On the other hand, for conparison, a standard reagent
consisting of 10 mM of hydrochloric acid solution
containing 5 rhodium 0.2512 g was prepared, 10 g of
cellul ose powder and 50 nml of 2-propanone were added
to 1 m of the standard reagent, which were m xed with
stirring under room tenperature in atnosphere of
nitrogen for 4 hours, and rhodiumions in the

sol ution were adsorbed o ceIIuI se. The 10 process
was repeated four tine & new standard reagent

ﬁ% each tinme, As a result the first |[recovery ratia
NypRer B@Pe?¥ﬁ}qnaqt rprnvgrv latib wgs 9% 8% ahd 4

degrﬁg?e |nrerecov§%y r tégfﬁﬁL ?@, y ngp e%%g L§%§.3
%ﬁﬁyh rg%hrgrlc @flc sg&tglc d;ogtdlg ng R§7 g,82 1
Al :

Rh1 g Pd 7.
by Chk@é%g? conver3|on was prepared and used as a
sanpl e A gl ass tube having an inner dianmeter of 10

”WlanﬁnathéGBQﬁ@roﬁaé@o P@%mgémﬁéfiéﬁbvw$r%éé%&bfﬁ reagent
cellulose which is the same as that used in

cofieipanay v& yampl eflnytihecabyripr aeuai Bg18t§8hUBBntAining
m of the sanple was arlomed to pass - 25 through the
rhediunm o .asd2ngblvasnptabaredr;, eladgobliededdtilose powder and

cel I ul ose.
50 ml of 2-propanone were added to 1 ml of the standard

reagent, which were mixed with stirring under room
temperature in atmosphere of nitrogen for 4 hours, and
rhodium ions in the solution were adsorbed on cellulose. The
process was repeated four times, using a new standard reagent
for each time. As a result, the first recovery ratio was
98.2%, the last recovery ratio was 97.8%, and decrease in
recovery ratio caused by the repeated use was hardly
recognized.

[0042]

Example 1:

100 Gram of 6M hydrochloric acid solution containing
Ru 6.3 g, Rh 1.6 g, Pd 7.4 g, Ir 2.5 g, Pt 3.0 g and Au 6.4 g
by chloride conversion was prepared and used as a sample.

A glass tube having an inner diameter of 10 mm and a
length of 500 mm was filled with 13 g of cellulose which is
the same as that used in Comparative Example 1, thereby

producing a column. 1 ml of the sample was allowed to pass
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[0043] Subsequently, elution was perfornmed under

ordinary 5 pressure at 25C at a devel opnent rate of

0.2 mM/mnute, using 200 M of a m xed solution of 4.5

M hydrochloric acid and 2-propanone (volune ratio of

2- propanone and hydrochloric acid being 2.73).

Thereby, a fraction including iridium platinum and

gol d was recovered, while ruthenium rhodiumand 10

pal | adium were retained in the colum. A devel opnent

eluent included in the collected fraction was renoved
thgoughc ths codNEent ARG 8RPLenAetRdS WEkEeRdEgEOgd onto

&éd&ochloric acid was added. Then, the sane el uent
““was8FFowed to flow fromtop of 15 the col um, and

t hus foggﬂjadiun1containing fraction, a ruthenium

contarning fraction and a rhodiumcontaining fraction

wer e i coi | L0 f [

el STORER ALY, CELLPENE hab PEfhari0l LiREE Rainary
prk@shass athhgegh,t he @éJ}l@I%ﬁ:ﬁéhw PR€e COE UH: Bl MBSute,

adsor bed thereon and the devel opnent and el ution were
uspagf aooealusifng alxadmsstiuteodf o404k Of hddMbchloric acid

hydrochloric acid solution and 210 m of 1-butanol.
andh@sprapgabtle doplamei mgtivaefi Rprapanbndi aAd hydrochloric

containing fraction and a 25 pl ati num cont ai ni ng
acfidabeiing Rei’é)seqlieetely ] yastpacated amdludiohy ectiedium,

The solvent was renoved fromthe thus obtained - 26
platasumoasd gedd: Wasr ssceveseder whidguzudhspineat rhgdigm and

hydr ogen stream thereby recovering noble netals.
pakiegegpywere retained inh the column. A development eluent

included in the collected fraction was removed by vacuum
concentration, and then concentrated hydrochloric acid was
added.

Then, the same eluent was allowed to flow from top of
the column, and thus a palladium containing fraction, a
ruthenium containing fraction and a rhodium containing
fraction were sequentially collected.

[0044]

The fraction including iridium, platinum and gold was
allowed to pass through the other cellulose column and was
adsorbed thereon and the development and elution were
performed using an admixture of 40 ml of 3 M hydrochloric
acid solution and 210 ml of 1l-butanol. Thus, a gold
containing fraction, an iridium containing fraction and a
platinum containing fraction were sequentially separated and

collected. The solvent was removed from the thus obtained

- 26 -
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ratios and purities of the recovered noble netals are

shown in Table 2. 5 Table 2 Noble Metals Ru Rh Pd Ir
Pt Au Recovery Ratio (% 87.3 94.7 98.9 98.6 97. 8
98. 5 >98 >98 >98 Purity (%9 >99 >99 >99 (+Pt) (+
Au) (+ Pt) The insides of parentheses in the purity

columm denote the contam nating noble netals. [0045]
As can be seen fromthe table, it is possible to 10
separate and recover individual noble netals in high
uri.t fron1ram1nater|als containing a plurality of
EXRG e et APE theo g6t deesnprs 2 redhisoda by Pracesy 4¢
foroed on the, 15 h ochlo |c a
B RRrG ftabAts, BPRG e PRodPaRV LS, ROPCEnFaFAiFye Recovery

ra%ﬁ%gpg g Pu¥q%1%%p%%a2%g %Q%ovg%%ébpégérhogkgqg ar% shown

anal’y or "the presence o am nat i-ng
1nb@%%1en§pals in the same manner as Exanple 1. However,

no traces of base netal was detected. 20 [0047] - 27
In the devel opnent and el ution process, retention
volunme (Rf) of base netal salts is different fromRf
of nobl e Table 2
Noble Metals Ru Rh Pd Ir Pt Au
Recovery Ratio (%) 87.3 94.7 98.9 98.6 97. 8 98. 5
>98 >98 >98
Purity (%) >99 >99 >99
(+Pt) (+ Au) | (+ PL)

The insides of parentheses in the purity column denote the

contaminating noble metals.

[0045]

As can be seen from the table, it is possible to
separate and recover individual noble metals in high purity,
from raw materials containing a plurality of noble metals.

[0046]

Example 2:

The same process as Example 1 was performed on the
hydrochloric acid solution containing rhodium used in
Comparative Example 1. The separatea and recovered rhodium
was analyzed for the presence of possible contaminating base
metals in the same manner as Example 1. However, no traces
of base metal was detected.

[0047]

- 27 -
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metal salts. Fromthis point, according to the present
invention, it is possible to renbve coexisting base
netal 5 salts fromnoble nmetal chlorides. [0048]
Exanple 3: In the case of using one colum and in the
case of wusing two columms, the exam nation result
about separation 10 states of noble netals, tine
necessary for separation and recovery and the like is
descri bed. [0049] Lbing sanpl e and col um prepared in
the sane manner as le 1, 1. m of the sanple was
adsor bRdBRt 3¢ PBT%% &@ obet HPR PTACEFF st retention
evel gpe olune rati prop e an
VOﬁya‘FogﬁFL PERePE BEFRD 32385 PLALIEPPERERE rom oy jaf noble
m, fracti A.which fj rstl
mer AL, Sa e WEEOR S Pat o e BRI o s pYerent

1nQ%%%hQB§r1%ﬂ§s %ggggg grOC%{QBEQQSEEQ b%ggugggal

pressure, conce trate oric acid was ad
sallher etem ﬂ6ﬁlbhﬁeEQHaEhQB§QHbEy was adjusted to 1 m.

Pal | adi um rutheni um and rhodiumwere conpletely

renovedodgpmthe first colum, and were collected in

i ndi vi dual receptacles, respectively. Then, a second
Exdepdkeoper (a m xed solution of 40 m of 3 M

hydrochloric acid 25 and 210 ml of 1-butanol) was

al | onwed theftaneiof t s sng odbuemcoluv cdnd eimi nieel cage | of

the columm _was substituted by the second - 28
usaéaeﬁwﬁepolmWESnoﬁhé fERBIBAEdANArAPRYLS rReutoAenaration

whi ch had been subjected to the above-descri bed
stahRSeRfr BPR4e metals, time necessary for separation and

recovery and the like is described.

[0049]

Using sample and column prepared in the same manner as
Example 1, 1 ml of the sample was adsorbed onto cellulose,
200 ml of a first developer (volume ratio of 2-propanone and
hydrochloric acid being 2.73) was allowed to flow in the
column, and then a fraction A which firstly flowed out was
collected. Subsequently, the first developer was removed by
concentration under reduced pressure, concentrated
hydrochloric acid was added thereto, and the total quantity
was adjusted to 1 ml. Palladium, ruthenium and rhodium were
completely removed from the first column, and were collected
in individual receptacles, respectively. Then, a second
developer (a mixed solution of 40 ml of 3 M hydrochloric acid
and 210 ml of 1l-butanol) was allowed to flow in this column,

which remained until the column was substituted by the second

- 28 -
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hydrochloric acid treatnent, was adsorbed on

cellul ose, the second devel oper was allowed to fl ow.
Gold, platinumand 5 iridiumwhich subsequently fl owed
out were collected together wth the second

devel oper. [0050] Meanwhile, even in the case that
the separation was perforned by the second col um
different fromthe first 10 colum, the sane sanple,
colum and devel oper as Exanple 1 were used. Before

erform ng_t he sefaration using the first columm, the
deygdGRE Xcol TR waé BrEcFaher GORFALBYNS Fﬁat:ﬁéonséeowalch had

d ri bed ab f t A fl
oeith SHPRRCERE 1) Shec PR -%égca%he@i‘%@b%%e&rat%@
hy%%%%%ﬂ%&qte% h droc%Fme%%uc%% PLER3 e &gegntﬁg & &qﬁg

concentrate oric acl MBS a

segghﬁ'@e%eqbﬁ%E %%lugﬁqgwewh%%hfW%% pu&olan éb§t§§ﬁﬁngnd

col um. The separation of netal conpon nent

1rﬁ§ﬁhﬁrWEQCQYshB%e§QQQQde%Y%M%BeBut[Q@@%]coaQeEQ%d together

results of separation uSing single colum and

withl yhBs sacengha@emelbpbahl e 3. - 29 Table 3 Ti rre for
Separation Wdth in Tinme for Separation Col ums of

Conmpobens8] i n  Devel oper Experinment of Al Fraction A
(cm Substitution
Meanwhile, even in the case that the separation was
performed by the second column different from the first
column, the same sample, column and developer as Example 1
were used. Before performing the separation using the first
column, the second column was previously filled with the
second developer. As described above, a fraction A flowing
out from the first column was collected and concentrated
under reduced pressure. Then concentrated hydrochloric acid
was added thereto to obtain 1 ml of solution, which was put
in the second column. Then, separation of metal components
was performed by the second developer.
[0051]

The results of separation using single column and dual

columns are shown in Table 3.

- 29 -
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Components (hour) Au Pt Ir (hour) Separation by 0 8
5.2 6.5 8.7 tw colums Separation by 2 10 6.8 8.5
11.5 one colum [0052] As can seen fromthe result
of Table 3, in the case of the process using the
single colum, the tine necessary for 5 devel oper
substitution was 2 hours, the separation tinme was 10
hours. On the contrary, in the case of the process
using the two columms, the total time is 8 hours,
that is, it was possible to_shorten the tine by 4
hours In the case of perf8Pdfnd separation_and

refi nenment | n an i ndustfj.al cale, |10 this causes

decrease inl cost. Table 308 53 show|THRAC2 A ARt ki the 48

Tim r . . . .
of the procless using thg, single coldm, a distributio
width of e ggvgg entsg?af%%lI}act#%%*qﬂsggfsé?35gﬁgpgs n

ExPerikoipare w th the cpgeaysi ng tru?gégﬁégglgzuiwdThe

reason may |shgst hale stdael substituti or
devel oper s not 15 cofgehgbiéyrderformed because one

col um was |ysedr) Al so from this point,athe recpvery 1
and separatlfi on usi ng twogne@kums have an advant age |i n

tThe case off industriat frecovery and[-_30—f

Separation by
0 8 5.2 6.5 8.7
two columns

Separation by

one column

[0052]

As can seen from the result of Table 3, in the case of
the process using the single column, the time necessary for
developer substitution was 2 hours, the separation time was
10 hours. On the contrary, in the case of the process using
the two columns, the total time is 8 hours, that is, it was
possible to shorten the time by 4 hours. In the case of
performing separation and refinement in an industrial scale,
this causes decrease in cost. Table 3 also show that, in the
case of the process using the single column, a distribution
width of each component of the fraction A gets larger as
compared with the case using the two columns. The reason may
be that the substitution of the second developer was not
completely performed because one column was used. Also from
this point, the recovery and separation using two columns

have an advantage in the case of industrial recovery and
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separation. Industrial Applicability [00531 5 The
nmet hod according to the present invention is useful
as the industrial nethod of recovery of noble netals
since the invention has the follow ng advantages. (1)
The operation is sinple. (2) Al the used adsorbent
and devel opnent eluent are 10 easily available and
i nexpensive. (3) The used cellul ose, 2-propanone and
1- butanol can be reused by refining them (4) Energy
consunption is low (5) Mass processes are possible by
SeRGFGhdon. 15 (6) Dangerousness of firing in the
recovery and separation process due to static
electricity is | ow because 2- propanone is easily
di ssol ved in matefngggtpygiqgggf % fCId solution is
di ssolved in 2- anol is
hardl yogbs$ oIved in water as conpared with 2 20
propanene a flashing point thereof is higher than

t hat @ﬁeZmeeneaaaeesrdfﬁ§0£9IBgéypréssn£699vsﬁuléﬂdls
separation can be perforned wth a hydrochloric acid

use@lt aen tdrd ihdudtanall meithibd oF darReEeYSRESScBle metals
firing due to static electricity, simlar to that
simsiengh?- phepatdoe. hds (he Fedlewingnadvaartaeksdi oxi n
generati on because a burning process is not perforned
in retbyveFpeobpavatéoneial simp3¢. (8) There is no

decrease in recovery ratio of netals
(2) All the used adsorbent and development eluent are

easily available and inexpensive.

(3) The used cellulose, 2-propanone and l-butanol can
be reused by refining them.

(4) Energy consumption is low.

(5) Mass processes are possible by automation.

(6) Dangerousness of firing in the recovery and
separation process due to static electricity is low because
2-propanone is easily dissolved in water and hydrochloric
acid solution is dissolved in 2-propanone. Although 1-
butanol is hardly dissolved in water as compared with 2-
propanene, a flashing point thereof is higher than that of 2-
propanone. Accordingly, the recovery and separation éan be
performed with a hydrochloric acid solution and 1l-butanol
with low dangerousness of firing due to static electricity,
similar to that using 2-propanone.

(7) There is no fear of dioxin generation because a

burning process is not performed in recovery of noble metals.
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due to the repeated use of cellul ose colums. [0054]
Accordingly, the nethod according to the present 5

i nvention can be suitably used in the case of
extracting noble netals fromraw ore of noble netal or
in the case of recovering noble netals fromwaste
materials containing noble netals, for exanple,

wast ed catal ysts, electronic conmponents and
artificial tooth materials. 10 - 32 CLAIMS 1. A

nethoﬂ for segaration and recovery of noble netals as
a et B FRFrSehiirBP i A ERUST etBVERFAYCTHAF 3t HRaPt Betals

nobl e tal _co nents fro al materials containin
dufofPe t ﬁefgpg?ggaeuﬁﬁtﬁgdcngﬁgﬁpgﬁnﬁpﬁﬁTPspreparing ag

met al ng{gchloric acid solution by treating the

netalg nmaterials wth hydrochloric acid; (2) passing

t he hl o i i d3s j 0. Qb ai i

the cren 1o d b bughe T PehSa B bR Ind e8P ERL B ek e

ingdsehiBnakhnt Be BQ@E@bﬁ?tﬁ%e@oﬁﬁoﬁﬁ@t%agat%fc%&k&%%%%hg
(3) flowng a m xed solution of hydrochloric acid and

noBipr apanoee fi-omt Rawl bt ogehbyllespetaiush Whi éhehasse of
adsorbed the noble netal components in the step (2)

retovdevebopobhd thbtadgquénbmalvhytel nheetrhalsobbatadhdng noble
conponents, thereby separating the noble netal

metehpgonéptsekatmple, f wastedncatendyaicsi nglecghnic components
plati numgroup netals and a fraction containing heavy

ang| arrafidrgrduponthamatandagdsl-d, and

- 32 -
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separating and recovering the fraction including heavy
20 platinumgroup netals and gold; (4) further

devel oping and eluting with the m xed solution of
hydrochl oric acid and 2-propanone to sequentially
separate and collect a palladiumcontaining fraction,
a rutheniumcontaining fraction and rhodi um
containing fraction 25 fromthe fracti on contai ni ng
light platinumgroup netals; (5) passing the fraction
contai ni ng heavy platinum - 33 group netals and gold
obtained in the step (3) tikﬁﬂﬁﬁ a second cel |l ul ose
colum to adsorb noble netal conmponents contai ned
therein onto the second cel |l ul ose colunn (6) flow ng

a mxed sql yLiapdobohydrachlonig agid and, 5. 1-bupanol

to the secon | ul'ose um mhlc as a

me%%h%ea@e%ahe%%gaoQ%Qt%e%QEQE@ﬁ% aﬁdtQ@c%bgglgg)158ividual

devel op and sequentially elute™the noble net

nobARPaReAls compbakaRy fepar akiAd aldee9hheCtbR¥aangd8hdnoble
cont al ni ng fracti on, an osni um cont ai ni ng fracti on,

meaalsrldhenmeahbalabm@rﬁeaaglon 10 and a platinum
containing fraction; and (7) recovering the noble
net al §1Asprepanied asthatsl hydmvthkoribspecidveolution by
fractions collected in the steps (4) and (6). 15 2.

treps ipst hbg metadepanseirénlanditbecbydrycbiiomdbl ecid;
netal s according to Claiml1, wherein the noble netals
are af2)|RaSEIRGOtRE nBstak| krdeechlom ¢l aeidure hibien
nmet. al 3. The met hod for segaratlon and

d )
ObF8&B€§r et Fgﬁosr—sp 38) nEPEPYIhcRofdF R £ELEHAPREICALUMD to

adsbrghgﬁilghgh%o %g%tiocomponents onto cellulose;

(3) flowing a mixed solution of hydrochloric acid and
2-propanone to the first cellulose column which has adsorbed
the noble metal components in the step (2) to develop and
sequentially elute the noble metal components, thereby
separating the noble metal components into a fraction
containing light platinum-group metals and a fraction
containing heavy platinum-group metals and gold, and
separating and recovering the fraction including heavy
platinum-group metals and gold;

(4) further developing and eluting with the mixed
solution of hydrochloric acid and 2-propanone to sequentially
separate and collect a palladium containing fraction, a
ruthenium containing fraction and rhodium containing fraction
from the fraction containing light platinum-group metals;

(5) passing the fraction containing heavy platinum-

- 33 -



10

15

20

25

hydrochl oric acid solution in the step (1) is
performed by dissolving the netal materials in
hydrochloric acid in the presence of an oxidizer. 25
4. The method for separation and recovery of noble
nmetals according to Claim3, wherein the oxidizer is
chlorine - 34 or a chlorine generating conpound. 5.
The nethod for separation and recovery of noble
netals according to Claim3, wherein the oxidizer is
nitric nmet hod for separati on and
9rPB€oW§F9§5faﬁgbsgldnﬁpﬁﬁénﬁécéPd HG €6e§n¢36n§h69u9h a
rein_the st and second
t HO%%;L

seSofl Psdabdsrs, Hethis" ko rdath BePetRg SRMPORERTS
coﬁkslaga_s@ﬂe&@éhhsn%eeié 8bcBhal 2ka1oL0C ABLACG TO!
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the noble metal components obtained in the step (5) to
develop and sequentially elute the noble metal components,
thereby separating and collecting a gold containing fraction,
an osmium containing fraction, an iridium containing fraction
and a platinum containing fraction; and
(7) recovering the noble metals as isolated metals

from the respective fractions collected in the steps (4) and

(6) .

2. The method for separation and recovery of noble
metals according to Claim 1, wherein the noble metals are at

least two kinds selected from platinum-group metals and gold.

3. The method for separation and recovery of noble
metals according to Claim 1 or 2, wherein the preparation of
hydrochloric acid solution in the step (1) is performed by
dissolving the metal materials in hydrochloric acid in the

presence of an oxidizer.

4. The method for separation and recovery of noble

metals according to Claim 3, wherein the oxidizer is chlorine
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or a chlorine generating compound.

5. The method for separation and recovery of noble
metals according to Claim 3, wherein the oxidizer is nitric

acid.

6. The method for separation and recovery of noble
metals according to any one of Claims 1 to 5, wherein the
used first and second cellulose columns are washed with water,

and then are reused in the steps (2) or (5).

7. The method for separation and recovery of noble
metals according to any one of Claims 1 to 6, wherein the 2-
propanone or l-butanol used for the separation and elution in
the steps (3) or (6) is refined and distilled, and then is

reused.



