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2270088 METHOD FOR CONCURRENT PRODUCTI ON OF COPPER PONDER AND A METAL v A
CHLORI DE BACKGROUND OF THE I NVENTI ON'The present invention relates to a -
nmet hod for concurrentl roduci ng a copper powder .and a chi o?@_ﬁ?@
ot her than copper ﬁ arly, the invention relates to a nethod
concurrently pro uc povvder and a chloride of a netal other tgan
copper such as manganese, ZI nc, cobalt, nickel and tin froman aqueous -
wast e sol ution containing copper (llI) chloride dis- solved therein. Al ong
with the rapid progress of electronic industry in recent years, production
of electronic instrunents is expanding year by year while these el ectronic

i nstrunment s MEFTHOR | FOR SCONCURBENT FRODUCIION sOF COPPER I POWDER ’
devices—on a printed circuit board and building theminto a circuit by

connecting through the circuit AND & MERA. CHEORIDEICt an el ectronic
working unit. Those printed circuit boards, hereinafter referred to as
PCBs, are manu- factured nostly by a process involving the step of
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copper. More particularly, the 'inventlon relates to a method for

concurrently producing a copper powder and a chloride of a metal
other than copper such as manganese, ziné, cobalt, nickel and tin
from an aqueous waste solution containing copper (II) chloride dis-
solved therein.

Along with the rapid progress of electronic industry in recent
years, 'production of electronic instruments is expanding year by
year while these electronic instruments are mostly assembled by
arranging various kinds of electronic devices on a printed circuit
board and building them into a circuit by connecting through the
circuit pattern thus to construct an electronic working unit. Those

€

printed circuit boards, hereinafter referred to as PCBs, are manu-
factured inostly by a procéss involving the step of pattern-wise
etching of a copper foil adhesively bonded to the surface of an insu-
lating substrate plate. The etching solution used for this purpose is
an aqueous solution of copper (II) chloride acidified with hydro-
chloric acid while the depleted efghing solution after use, having a.
specific gravity of about 1.25 and a pH value of 1 or below, usually

contains, per liter of the solution, copper value in an amount of
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about - 121 g as copper el enent. and the overall chlorine value in an anount
of about 241 g, of. which about 106 g are as the chlorine ions of the
hydrochl ori ¢ acid, t-he remai nder being as the counter- anions of the copper
(I'l) cations. Such a strongly acidic waste solution containing a substan-
tial aqunt of copper (11) chloride produc&? in a great volune in
proportion to the production of PCBs of coufse cannot be dlscarded or

di sposed’ as aabbﬂfbelﬂlt R0 p}%ér eléme&waha% b%i‘a!?l OFirfé Yal

justify recovery of at east e copper val ue but al so ?r omthe stan po%ﬁ%

t
of environnenamonnt! of abouth24lag, vfowhichuabout $06hgeares thel chierins

rel eased to public water systens. Accord- |ngly several nmet hods have been

proposed and iongofdhe h, ori¢ acidp therwemainderybein, ﬁmd:he/ebuﬂtérom
such a waste sol utlg)} i.ncl uding foll owi ng three nethods. e first of the

three met bodsal_ltoas Hhe copper (Kb eations. whi ch t he ca/gper :cons are

br oposed ?2%%2%@%@“ ftrod “%ﬁi’é@é&‘gséi@@w%sgﬁ%a&:érgﬁg&sm%

copper Tons el aBIauBs of eaBPRE WLhchipride produed.fn merest ?ragieupgé g

he f fied to be ize
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the aqueous Sﬁbﬂiy% Fostify Yetovery'of dt'least the copper value but also from

| the standpoint of environmental pollution when a large volume of

such a waste solution is released to public water systems. Accord-
ingly, several methods have been proposed and practically under-
taken for the recovery of copper value from such a waste solution
including following three methods.

The first of the three metbods is a substlitfgfn method in
which the copper ions are replaced and fixed as aba¢ediby the addi-
tion of a powder of iron as proposed in J apanese Patent Kokai 60-

34501 and 63-33584 and a powder of aluminum as proposed in Jap-

L ~ anese Patent Publication 63-14883. Namely, the copper ions are

| replaced with the ions of iron or aluminum and precipitated in the
form of a powder which is recovered and purified to be utilized as

metallic copper. The aqueous solution of iren chloride formed by

the ion-substitution reaction above mentioned can be used partly

- asan etching solution or mostly as an inor'gan.ic ﬂoccui'ant in wa-

ter treatment while the aqueous solution containing aluminum
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~3- ions_is utilized as a starting material for the manufacture of alu-
m num pol ychl ori de al so useful as a flocculant. The second- of ‘the three
_methods is a so-called neutralization nmethod in which the waste solution is
neutralized by the addition of sodium hydroxide so that the copper value is
precipitated in the form of copper (Llé;hydroxide which is coIIected}gnd
subjected to a heating and dehydration“treatnent to be converted into
copper (idns 9! wtiliZéd eigat shating itakerind for the manufadture s alu-
solution are first reduced with a“copper powder into copper (l) ions

f ol | owedpbihhe Kbh&brma@soum}amﬂmlanwe so as to-be converted
I n- to copper ) hydroxi de which is coIIected_and,degédrated I nto cop- per

(1) oxide. Cofiflze secondoef theithree methods is aasoicelledineutralizationous
ki nds of ceram_ c materi_al includin% ferrites anqahgé copper géi‘pxide s’
used as methodrip which theswasiemsolutionisneutralized by therasldition of
the three_ nethods ., s.an electrqlyiigc nethod as,proposed jn,J nese Pat ent
kokai | 6001 8097UTA Ry AFaxIAe 89 thak ke CapREL: valEe 1A Breciatonn taeas
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Wil e t hepgtPedhedd With'Leofper Powddt BMY eopber (If loas followed by
the neutralization with sodium hydroxide so as to be converted in-
- . to copper (I) hydroxide which is collected and dehydrated into cop-
per (I) oxide. Copper (II) oxide is utilizable as an ingredient in vari-

ous kinds of ceramic materials including ferrites and the copper (I)
oxide is used as a fouling-preventive pigment in ship-bottom |

paints. | . o '

The third of the three methods is an electrolytic method as

proposed in Japanese Patent Kokai 60-128271, according to which,

for example, the waste solution as such is electrolyzed by usingan -

anion-exchange membrane to prodiice' metallic copper and chlo-
 rine gas. o - - S --

The above described three methods for the disposal of the
‘'waste solution containing_ a copper value each have a problem or
limitation as an industrial method. For example, the substitution

~ method has a problem in respect of the limited demand for the iron
chloride or aluminum chloride produced as a by-product of the
method. While these by-product chlorides have an application as a



#4- floccurant in water treatnent, or disposal of nunicipal sewage or -

i ndustrial waste water, these inorganic flocculants in water treat- nent

are under continuous replacenent in recent years with floc- culants based
on an organic polyner so that no further increase can be expected in the

demand. for these inorganic flocculants, much, | ess, to balance the rapidly
i ncredsi ng production of the waste sqution‘%n parallel with the increase

0 the producleevetaRiEie withsr thogtnerit o8 disfiosylobf shvafictpul RvREEbr

pollution is foreseen if the only nmethod relied”on for the disposal of “the

wast e sol uti oinidustrial wiasté water thede inoFpaniefloetulants innwalted treat-

produce oxi des of copper is inherently not practicable in a large scale due
to the probl ementtare dindesdontinuous a-bplaoement in recent years with floc-
ele

produced in large volumes. Further, the ctrolytic nethod is hardly

feasi bl e as anc\aamtmbasled onuany oxgamicecpelymer southatnoHfurtherciherease
consunption of electric power. SUMVARY OF THE | NVENTI ON The present

i nventi on accead rie yexpected dm dhe denmand fora theset inarganicrfogonlants,
described difficult probelns in the disposal _of_ the agueous acidi¢c- waste

‘sol uti ons conmueindesspier balapcenthe rapidly paerrasingnpreductionuosthe
oo i S e o et £ e i o
T e e o S SoR kbl pobstion
oI Qf_l:.d ng_ ? C9BYRreBRERTr K o%lfr tha Iqéli%d”gﬁ%r%%eaisposal of the waste
solution is this substitution method. The neutralization method to

produce oxides of copper is inherently not practicable in a large

~ scale due to the problem in the disposal of the salt-containing

waste solution produced in large volumes. Further, the electrolytic

method is hardly feasible as an economical industrial process be-

cause of the quite large consumption of electric power.

SUMMARY OF THE INVENTION

The present invention accordingly has an object to provide a
solution for the above described difficult probelms in the disposal
of the aqueous acidic waste solutions containing copper (II) chlo-
ride as produced in large volumes in the PCB-manufacturing pro-
cess involving the etching step of copper foils by concurrently pro-
ducing a copper powder and a useful chloride of a metai other than
copper without the risk of causing environmental pollution.

Thus, the present invention provides a method for concur-

rehtly producing a copper powder and a chloride of a metal other



-5- than copper including manganese, 2inc} cobalt, nickel and tin from an
aqueous acidic solution containinga copper value in the formof copper (11)
chl oride dissolved therein and acidified with hydrochlo- ric acid, which

“met hod conprises the steps of: (a) adm xi ng the aqgueous sol ution w t-: an

active carbon to renove adsorbabl e inpyéljies_in t he solution by thé}?
adsorption thereon foll owed by renoval Of the active carbon fromthe"

sol uti on;tHdm c%ﬁjpér Mchidig mhnpaiesa, e Yobalts nickd) endltiarfromher
with a powder of -an additive netal” selected from thé group consisting of
nmanganes %naqaepa@b@_idicrsoimioﬁmbﬁtainim%m copperivaluetin thetfoemiofal ent
to the chlorifie ions in the solution so as to cause re- placement of the
copper i qgppet (I)aklofiderdissdived thersia and acidifiedwith bydfodliko-
copper value in the elementary form and (c) separating the precipitated '
copper vmiuaéid,MhiehmﬁhwcdmglﬁBesrbhéwstqweﬁus solution which is a |
solution of the chloride of the additive netal. DETAILED DESCRI PTI ON OF THE

" PREFERRE[{ s\ mininigsthe aqueoussdlutiohowith anactirce carboretdaemowpr i ses

the above defined steps (a), (b) and (c) as the essentjal steps, of which
the step gdgorbablerimpuritieminsthe solutionabyeshe adsorpiionsthereon
cont ai ni gllowesl by Temeniadotihe ective sathos e the solutieRie but the
o A et B A G ST Wl
| a powder of an additive metal selected from the group consisting of
manganese, zinc, cobalt, nickel and tin in an amount of at least
equivalent to the chlorine ions in the solution so as to cause re-
~ placement of the copper ions with ions of the additive metal with
| ?re;:ipifati_on of the copper value in the elementary form; and
| (c) separating the precipitated copper value in the elementary
form from the aqueous solution which is a solution of the chloride

of the additive metal.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
As is described above, the inventive method comprises the
above defined steps (a), (b) and (c) as the essential steps, of which
the step (a) is a pre-treatment step of the aqueous solution as the
tsf,arting material of the process. The origin of the acidic aqueous
solution containing copper (II) chloride is not particularly limit-
ative but the waste solutions produced in large volumes from the
PC_B-manufacturing process involving the etching step of copper

foils can be used quite satisfactorily. The principal ingredients of



foils can be used quite satisfactorily. The. principal ingredients of
such a-waste solution are of course copper (I1) chloride and hydro- chloric
acid usual ly acconpani ed by trace amounts of various kinds of netallic '
inpurities in the formof soluble compounds. In addition, the waste
solutipon is usually contam nated with small anDunts of organic matters
ori gi r éflng |n the reS|nous conposi - tions— @sed as a resist material for

vory et £ hor$aFhcA S¥aRte Holtdifof #ﬁ%ef&‘*{#@@?ﬁs? (@17 cBIpFRIE dAnd hpdfo-
et ye prgﬁ%ol S u%dsh%éﬂyoraéfﬁ&?pur- po e, |n mﬁﬁﬁfg 8f driod¥

I nventive:nmet er taken wast e
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desirable that the ac: tive carbon has a capaC|t arge as possi

the adsor pti ognedusitgaof @Mﬂ phatted glmethet resirteus Yomposi-
powders can be used in step (a), it is preferable o0 use a granul ar actlive

carbon in contiotes aiseth a¥ atresiet nsiterial for the paltternewtise csteldn o bf ttfire

ac- tive carbon fromthe solution, for exanple, by filtration or centrifu-
gation. The acopperdoil.Fhese organicimpuritiesareverydetrimentaltagainst
usually in the range fron10 2 to 1. 0% by wei ght _based on_t he aqueous

sol ution but theefficiencyofdhe ate prﬂimso thatthey must beyzemoved prioreto

contained in ¢ \quequs sol uti Nanel y aqueous solution is adm xed
wi gt he acti tﬁe@é;em)@olﬁaaa c@gnpietelyaas poss1g e. )
Step (a) of the inventive method is undertaken for this pur-
pose, in which the waste solution is admixed with an appropriate

~ amount of an active carbon so as to remove the organic impurities
as adsorbed on the active carbon. The type of the active carbon is
not particularly limitative but it is of course desirable that the ac-
tive carbon has a capacity as large as possible for the adéorption of
organic materials. Although any fine active carbon powders can be
_used in step (a), it is preferable to use a granular active carbon in
consideration of the efficiency in the subsequent removal of the ac-
tive carbon from the solution, for example, by filtration or centrifu-
gation. The amount of the active carbon added to the aqueous solu-
tion is usuaily in the range from 0.2 to 1.0% by weight based on the
aqueous solution but is variable depending on the amount of the
organic impurities contained in the aqueous solution. Namely, the
aqueous solution is admixed with the active carbon and agitated at

' room temperature for at least 30 minutes for the treatment so that

the organic materials in the aqueous solution can be adsorbed on
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roomtenperature for at least 30 minutes for the treatnent so that the
organic materials in the aqueous solution can be adsorbed on - the active
carbon al nost conpletely. Extension of this treatnment tinme to exceed 60
"mnutes has |ittle additional advantages rather with a di sadvant age -of
decreased productivity. After conplete ,?d- sorption of the organic ‘}5

materials on the active carbon, the act{Ve carbon having the organic

I mpuriti ' m 0 -1-ﬁ@l|’f St hORT RIA: ayenki onal
met hod |§"§’Ié11%?:rr§ge§edca};1‘éa ] O(n),gtfl '.1"3% 0 'g%?t?gr#épfgggﬁlgn%teoagg{%ia

cl ear aq boR 60 1aiA pred 14100 vaeftddb: )
above i slt?ﬁ%% tggén#g%%aveqh a gggg%f anezﬁ%ﬁi%l?%b%g}r sel gétszgggrlé% t he
group congith iandishdvensties of décreasedproduttivity.aAftér eond, ditive
nmetal s each have a larger 1 o'gi glétion t endency than cop- per soﬁ??i‘saét ,aasvhen'
the addi tdorptionadf thecorgantiednateriale oxtheuactive tarhomrtlre sctivehe
copper ions, the additive netal is dissolved out in the formof cations as
t he countcarbomddvingtthe brganie impuritiescthereon isremaved ficomother
value i's precipitated in the ele- nentary form Thege additive netals are
sel ect ed agueotisysolutien bycanyronventional methed iincluding decamia-
copper but alsg.in re- spect of fhe industrial useful ness of the chlorides
of the ndiensfiliration andceatrifugationtogivea cearaqyeoussojution

possi bl e since inpuities in the additive, metal, necessarily, consti ut.e t he
inpurity in th h&q&@%aﬂ&ﬂﬁuﬁ‘oﬁﬂ 10T OV RLHel %ep'a)e%bovsst ¥Bf the
desired products,in.the i nventive t hody ...t i s_of, gourse op; dional, thaty
tvo. ki ndAdied Bith i Powler.of| e, Addittve; mictalpelectdd frot the

group consisting of manganese, zinc, cobalt, nickel and tin. These

-
-

- additive metals each have a larger ionization tendency than cop-
. p_er S0 thét, when the additive metal is contacted with the aqueous
‘solution _cont_éini_n_g the copper ions, the additive metal is dissolved
out in the form of cations as the counter ions for the chlorine an-
ions CI- and, instead, the copper value is precipitated in the ele-
| méntary fom. These additive metals are selected not only in re-
spect of the higher ionization tendency than copper but also in re-
spect of the industrial usefulness of the chlorides of the metals. o
' These additive metals should have a purity as high as possible
~ since im_puriti_és_ in the additive metal necessarily constitute the
impurity in t_hé aqueous solution of the chloride of the metal as one
of the desired products in the inventive method. It is of course op-
f.ional that two kinds or more of additive metals are used in ¢ombi-
nation when an aqueous solution containing two kinds or more of

" the metal chlqrides in combination is desired.



mati on when an aqueous, solution containing two kinds or nore of the netal
:chl orides in conbjnation,is desired. The above described substitution
reaction can be expresed by the reaction equation: [err] in which M denotes
the ‘additive netal which is assuned to be di- valent. Concurrently with the
above iescribed substitution reac- tion, another reaction t akes pl ace

bet wedf¥ the additive metal M and the free -hBdrochloric acid in the aqueous
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AR AR SRS " L, 1L Lo, et Lo Lhe

Chact R Spose! o1 FGRERReD M AVMClg! et o (e chlarine apre,
o e, 1001 (S iEh VISRt A SR A Ae g g i
unat 11 700t o' BAC Rt COAPHTFAEly rbth Y dtovd AeeihedCadBL PR fRads

concentrati ongiyn! ﬁ?ldlﬂiéi‘l; ragctivis %é@?lﬁ%@ﬁéﬁw%ﬂﬂ'%aﬂ@iﬁfé%@ta@%

determ ned, for exanple, by the nethods Of neutralization titration,

Vol hard titragingh thedfridechlydrochlbgicaeid idethe #qeotarsolution vﬁthpﬁgblu-

are perforned at a tenperature of 20 C or higher or, preferably, int
range from 40tion of hydrogen gas according to the reaction equation:
\ 2HCl + M - MClg + Hg. @ «cceee {ID

The above described two reactions define the amoﬁnf ‘of the

additive metal to be added to the aqueous solution. Namely, the

_ amount of the additive metal should be as exactly as possible equi-
valent to the total amount of the chlorine ions. When the amount
of the additive metal is too small, a portion of the copper value
would remain as unconverted into the elementary form to be an
impurity in the chloride of the additive metal while, when the
amount of the additive metal is too large, a portion of the additive
metal remains as unutilized to be a metallic impurity in the recov-

~ ered copper metal. The concentration of the chlorine ions in the
aqueous solution can readily be determined, for example, by the
methods of neutralization titration, Volhard titration and the like.
The above described reactions of step (b) are performed at a
temperature of 20 °C or higher or, preferably, in the range from 40
to 100 °C. Although the boiling point of the waste solution cbming
from the PCB-manufacturing process is usually about 104 °C, no

additional advantages can be obtained by increasing the tempera-



‘to 100 [err]C. Although the boiling point of the waste solution coming from
t he PCB- manufacturing process is usually about 104 .C, no addi ti onal

advant ages can be obtai ned by increasing the tenpera- ture of the
“aqueous solution to exceed the boiling point under pres- surization.~\Mhen
the reaction tenperature is too low, the reaction proceeds at an undhﬁy | ow
velocity as a matter of course. It is~@®e- ferable in order to ensure '
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of the additive netal. Wwen the -additive netal is manganese or zi'nC, in
parti cul gyulds)smedl shotsodr thinfldkiesvhavihg avrelatively leage suefiéer i c
acid according to the reaction equation (I1) given above is Sonetines so
viol ent @yrgan cause splashing of the solution by the evol ved hydrogen gas
so that it is preferable that the additive nmetal is introduced into the
aqueous sol utiAlthough ther substitutionnreaction iexpresstd by theabave the
condition of the solution. .. . . "
given reaction equation (I) proceeds at a high velocity, proceeding

of the reaction may be inhibited when the surface of the additive
metal is covered by the precipitates of the copper metal. In this re-

%

. gard, it is important that the reaction mixture is agitated in such
an intensity that the precipitates of the metallic copper deposited
on the surface of the additive metal can be rapidly removed off
from the surface of the additive metal. When the additive metal is
manganese or zinc, in particular, the reaction of the additive metal
with the free hydrochloric acid according to the reaction equation
(II) given above is sometimes so violent as to cause splashing of the W
solution by the evolved hydrogen gas so that it is preferable that
the additive metal is introduced into the aqueous solution at a low
rate or in small portions under monitoring of the condition of the
s_olution. ;

When step (b) of the inventive method is pe'rforhled in the
above described manner, the copper ions contained in the starting
aqueous solution are reduced into the elementary form and 'ISreci-
pitated as finely divided particles while the additive metal is dis-



When step (b) of the inventive net hod is perforrred in the above descri bed
‘manner, the copper iqns contained in the starting aqueous solution are
reduced into the el enentary formand preci- pitated as finely divided

particles while the additive netal is dis- -10- solved out into the
solut¥on to forma chloride of the netal. > _copper particles are
recovg'f/ed by separating fromthe agueous S lutjon in a known solid-liquid

separ ati ng mesélated alt ciﬁtb thé fﬁdlﬁmwctd:form feigdiToridé cof ehédnimallagrh@

with water and drying, preferably, in a non-oxidizing atnosphere.

aqueous sol ut¢oppérqearfiches are reapesrad & s Pmﬁﬁmgwfmm%hé@qzbéous%-
e hi

of the ad- ditive netal as the solute in a qui gh concentration and in

a high puritylutionhin a knownsolid-liquidseparating method sarch asdiltadition

application although it is optional that the a ueous soI ution is con-

centrated to andecentrifugation foblowedabyow thowaterpand drying,
part of water asth ol vent or the Jretal Ch|0l’| els ys- tallized into
hydrated or pheke i} A NeNIOKis zmgna m@qmuprmiaxtean

chl ori des of itive nmetals are eagh a useful oun ng w_de
appl i cati ons rreacﬁgm hergeppes pregipitates cenrcamag’rﬁl cis of the ad-
consti tuent bat ies,, for .t he activat.on, of, acti ve ons and .as
an ol ectr ol ytélfrl?f/eol ﬁﬁa&ﬂa@ olpte itna GuAtenbEb Genesutration and in 2
useful as’ an tr oI te| l,at i ng pat h redi ept in

catal ysts an g'r R‘harﬁg@ e $pHupy t@ﬁ“ﬂﬁﬂ%&e ﬁ%}% %lbﬁ'ﬂ%ded

di ff;ar ge pri Qﬁb??csf‘ﬁ%n although it is optm_nal that the aqueous solution is con-

centrated to have an increased concentration as desired by evapo-
rating a part of water as the solvent or the metal chloride is crys-

‘ ‘tallized into hydrated or unhydrated crystals by a known proce-
dure. o | . :

_ Thé thus prepared chlorides of the additive metals are each a
useful coinpound having wide applications in industry. For exam-
p_le, zinc chloride is used as a constituent of dry batteries, for the
activation of active carbons and as an electrolyte in a plating bath

- for zinc plating. Cobalt chloride is useful as an electrolyte in a

pléting bath, ingredient in drying agent, catalysts and ingredient

| ~ ininks. Tin (II) chloride has applications in discharge printing and

| _plating.and is useful as an ingredient in dyeing pigments and cat-

alysts. Nickel chloride is useful as an ingredient in an electrolytic

or'el_ectrol_ess plating bath and as an active ingredient in verious

| kinds of -catalyst_s. Manganese chloride is used in dyeing and as an
ingrediegt in drying agents, dry batteries and catalysts.
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plating and is ussful as an ingredient in dyei ng pi gnents and cat- alysts

" " Nickel chloride is useful as an ingredient in an electrol ytic ‘or

electroless plating bath and as an active ingredient in verious kinds of
catal ysts. Manganese chloride is used in dyelng and as an ingredient Zkn
drying agents, dry batteries and catalyi In the foll ow ng, the‘ﬂsthod
of the present invention is de- scribéd 1n nore detail by way of exanples,

whi ch, - however Ty1gHE! ¢4 idirld %6 ARLADA BE thY BRbkARY hPBKLIEY is7BrP! ©

1. The starting aqueous  sol on processed as oW Was

depl et ed éqaq t

havi ng- a g%ﬁ%%é%%#?? 15’53&8?6 err g%i dgoﬂr}?ht’g?:neg rgc% per
liter, 121umefth@§wg o&"thehﬂreﬁ'ﬁidﬁhﬂ gv’#a‘yOt al, of which 106 g were |

]

as free hydrochl oric "acid, 9. zi nc, g of sodium 2.2 ng of
chrom um El;;%@ﬁl@ﬂ_ cal ci um 1 2 rrg of magne- ‘sium 0.34 rg of nickel, 0.33
ng of iro g of |ead and a trace anpunt of nanganese. In the first

pl ace, 100 g ofThersteaddingf aguicoies soltiongrocessededst desdéribeéd beloiw t he

above descri bed aqueous solutlon which was agitated.for 1 hour at room

t enper at unmascaldn? ted etching solwtlomeommglfmmothermanufacmm@
SO

carbon fromthe utlon giving a filtrate which was a clear and deep green

sol uti on. process of P hamtnglaaspeotﬁegrat\uty of 5b.253 at2i°thand eonk a
stirrer and_ a refl conggnser re introduc 1|Itéhiéﬁ t he above
obt ai ned taiped.ea sr,tl,z ighef geppes, 24d.gofichlorine as a total, of

which 106 g were as free hydrochloric acid, 9. .8 mg of zmc, 5.9 mgof ~
sodium, 2.2 mg of chromium, 1.5 mg of calcium, 1. 2 mg of magne-
sium, 0.34 mg of nickel, 0.33 mg of iron, 0.1 mg of lead and a trace

. amount of manganese. |

In the first place, 100 g of a powder of active carbon were ad-
ded to 20 liters of the above described aqueous ‘solutioh, which was
agitated for 1 hour at room temperature followed by filtration un-
der suction to remove the active carbon from the solutmn giving a
filtrate which was a clear and deep green solution.
 Into a three-necked flask of 2 liters capacity equipped witha

stirrer and a reflux condenser were introduced 1 liter of the above
obtained aqueous solution after the active carbon treatment fol-
lowed by gradual addition of 300 g of metallic tin granules. The
mixture in the flask was heated at 90 °C or h1gher under agitation
for 10 hours so that the aqueous solution turned colorless with pre-
cipitates of metallic copper suspended therein. The prec1p1tates
were collected by filtration under suction to give 970 ml of a fil-

trate which was found by anslysis to contain tin (I) chloride in an



towed by gradual addition of 300 .g of netallic tin granules. The mixture in
‘the flask was heated at 90 [err] or higher under agitation for 10 hours so
that the aqueous solution turned colorless with pre- cipitates of netallic
copper suspended therein. The precipitates were collected by filtration
underigpction to give 970 Ml of a fil- tratge which was found by analysis to
contaia tin (11) chloride in an -12- anowt of 287.1 g calcul ated as

pan ae in . | L .
has o5, 70y THERIIEARRISD.L & cllbdlathd af pitalliC tin cbifolREAMINg & 29T
S ar el et ¢ rr )
Tabl e 1 bel oiosnapef liter, The raRsPREyRof tirh whs DERT% JTHe eqRRCOf BLEAlic
the tin chlorggigpepiofi ithe filtervwdd vashed withl waterrathd "BriebRACH Hon-

metallic inmpurity el ements contained in liter of the solution. It iIs

under st ood f rexidizbhg dtivsphére begdivebl 20ne of zocopper powdeen of tin

chloride has a quite high pdrity so that it can be used as such in nost

practical applicatTable Fhelove showsdhexpesultsofitherclrerhicalvamalysis un-
substantially the sane as in Exanple 1 excepting replacenent of 300 g of
the netal | i c dertajkenuwithuthel tin chlonide solutionibo giver thegomtents of tin
el ectrolytic manganese in a flaky form The panganese flakes were [ _,

i ntroduced i randithe regpective mataﬁlc Ampyrity elementseontatneddn liter of

after addi i hhsolsionokt is waderstooddrambable I taesthedicrs obtained
W aqueous solution of tin chloride has a quite high purity so that it
can be used as such in most practical applications.
Example 2.

The experimental procedure was substantially the same as
in Example 1 excepting replacement of 300 g of the metallic tin
granules used in Example 1 with 190 g of high-purity electrolytic

| manganese in a flaky form. The manganese flakes were introduced
into the flask containing the aqueous solution of copper chloride in
20 g portions at 5 minutes intervals and the aqueous solution after
addition of the whole amount of the -manganesé flakes was agitat-

 ed at 80 °C for 1 hour. About 120 g of copper metal could be recov-
ered by filtration to give 970 ml of the filtrate solution which con-
tained manganese chloride in a concentration of 185 g/liter calcu-
lated as manganese metal. The contents of the metallic constitu-
ents in liter of this filtrate solution are shown in Table 1.
Example 3. |

The experimental procedure was substantially the same as

in Example 2 excepting replacement of 190 g of the metallic man-



ed at 80 [err]C for 1 hour. About 120 g of- copper netal could be recov- -
ered by filtration to give 970 ml of the filtrate solution which con-

t ai ned manganese chloride in a concentration of 185 g/liter calcu- |ated as
“manganese netal. The contents of the nmetallic constitu- ents.in |itefYyof
this filtrate solution are shown in Table 1. Exanple 3. The experinéhfal
procedure was substantially the sane Fdd T Exanpl e 2 excepting repl acenent

o 21 nc” ShpeR fTBlRd WithP225 g of prartiaees %@%@S%C-Qﬁﬁﬁsgaﬁﬁ%%%ﬁf;kei
conni ng tyh@eHetal swerd Hhipodatedoiry tﬁé'ﬂﬁbﬁ%&ﬂt&ﬁnﬁ;% gﬂ%ff h’t@(}i&%sl 2

mnutes in- tervals and the agueous solution after additi

amount  of gohetiom ofocoppeeschboride int 22 .5t g8pbetidnsoat 15hminuteelin-120 g

of copper netal could be recovered by filtration to give 970 m of the

filtrate tetwalgrandh¢heomgneouss sohation saffer additiorevs the Iwholeof
this filtrate solution are shown in Table 1. Exanples 4 and 5. The

exper i nenamonndeeftthe zinc granuwleswapagitated at-B808€ forbl drour sAbouthe
sane as in Exanple 2 excepting pﬁﬁiacenent of the netallic manganese fl akes

with 205 326k gaobcopperometalacould b xecouereddby filtratipnnte givie 980aI i ¢
ni ckel, respegtjvely. The additiveg _netal was introduced jnto.the, aqueous
sol ution mlpegﬁp@r -llvimai«eissﬁfutnonh Ko sqn&enﬁs&itimme i¢conséibuents val s
and the aguepus s i copt ai pi the aqditiv tal yas agitated for 6

1} fter of this ?ﬂtrage sofu&%n are shown in pFaﬁie e

Examples 4 and 5. - N

The e_xperiﬁental procedure in each of Examples 4 and 5 was

substantially the same as in Example 2 excepting replacement of

~ the metallic manganese flakes with 205 g of a powder of metallic

cobalt and 202 g of a powder of metallic nickel, respectively. The

- additive metal was introduced into the -équeous solution of copper

chloride in three equal portions at 30 minutes intervals and the

aqueous solution containing the additive metal was agitated for 6

hours at 90 °C or higher. About 120 g of copper metal could be re-
covered by filtration to give 970 ml of the filtrate solution in each

example. The contents of the metallic constituents in liter of each

ﬁit_.rate solution are Shqwn in Table 1.



hours at 90[err] or higher. About 120 g of copper- netal could be re- "
covered by filtration to give 970 nl of the filtrate solution in each
The contents of the netallic constituents in liter of each

exanpl e.
flltratﬁgsol ution are shown in Table 1 -14- Table 1 Exanple No. 1
2 - 4 5 Cu mg- . my 2.7 nmg 3.9ng 4.5ng Fe
8.5y 1.3 mg O5ng 5.0 ngy 5.1rrg 1£trace 185 ¢ trace
trace .trace Zn 11 ng  9.6my 219 g 14 ng. 11. ng Pb- - l4ny
1. 1ng 1.3rrg 1.2mg 1.2nmg Ni 0.5 0 155rrg 197 g O
2.3 mg 2.5nm 2.4ng 2.2 ny 23ngCawng 2.0 1.9 m 7.1ny
6.5 ng My 3.5 1.3ng 1.3nmg 1.2mg 1.2nmg Na 5.9rrg 6.0 ny :
5.8ng 5.9 ng 6.1 le No. NiD. N - N 1989;- 45 ng Sn 297
g N. D. N. D. N_D N.D. (N.D.: not detect d) C L M S
* - 15- o '

Fe | 8.5mg 1.3 mg 0.5mg 50mg 5.1 mg.

Ma trace  185g  trace  trace  trace

9 Pb l4mg 1lmg 13mg 12mg 1.2mg

Ni . 05mg 1.3 mg - 0.4mg 1656 mg 197g

Cr 28mg 26mg 24mg 22mg 23 mg

Ca | 41mg Z‘Omg ';/1.9mg 7.1mg 65mg

| Mg 85mg 13mg 1.3 mg 12mg 12mg
N a 5.9 mg 6.0 mg 5.8mg 59mg 6.1 mg
Co N.D. N D. N.D. 198g 45mg -
Sn | 297g ~ ND. N.D. N.D. N.D.

(N.D. : not detected)
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WHAT IS CLAIMED IS: _1. A nethod for concurrenLLy—pFed&ang—a—eepper pomder
and a chloride of a nmetal other than copper includin anese

cobalt, nickel and tin from an aqueous acidic so uul mll ui mt’um a copper
value in the formof copper (I1) chloride dissol ci df

wi th hydrochloric acid, which nethod Qgggrises t he steps of (a) adm |ng
t he aqueous solution wth an active carbbn to renove adsorbable inpurities
in the aqoWEEATSES (CLATMBD!IS: adsorption thereon followed by renoval of
the active carbon fromthe solution; (b) adm xing the solution at a
tenperature of 20[err] or higher mnth a powder of an additive netal

sel ected fromthe group consisting of manganese, zinc, cobalt, nickel and
tin in an JamounA method fertconpurrertly produeing ardoppen powderhend a
solution so as to cause re- placenent of .the cop er ions in the solution
wi th ions clilanideaafia- metael other than qoppenineludingt manganese, zinge |

the el enentary, for, c) separating the precgipitated, copper value in
the el enemoiaq« 1t, Hindzosa an agueous agidie splution containing ac

hl d f th dadj t Th tl d
copper  poe pén%ﬁuéﬁaﬁe%m mgf»pg"&h&%’mﬁmagc issolvedathewein =
claim1l |n i ch. tzof ,thi ct.ive, arb dde o, t he so]uti
Ston™ [ nd saidited mi’lﬁ%bf ad q‘»ha HPDBB&S?%EH?
agueous S

steps of:

>

(a) admixing the aqué'ous solution with é.'n'a'ctive' carbon to remove
‘adsorbable impurities in the aqueous solution by the adsorption

thereon followed by removal of the active carbon from the solution;

(b) admixing the solution at a temperétﬁré of 20 °C or higher with

a powder of an additive metal selected from the grdu-p consisting of

manganese, zinc, cobalt, nickel and tin in an amount of at least

equivalent to the chlorine ions in the solution so as to cause re-

placement of the copper ions in the solution with ions of the addi-

tive metal with precipitation of the copper value in the elementary

form; and _ ' ' "

(c) separating the precipitated copper value in the elementary

form from the aqueous solution which is a solution of the chloride

of the additive metal.

2.  The method for concurrently producing a copper powder and
a chloride of a metal other than copper as claimed in claim 1 in

which the amount of the active carbon added to the solution in step



K
.

‘solution. 3. The method for. concurrently producing a _ a
"chloride of a netal other than copper as clained in cﬂ%ﬁiﬂﬁ“l"amﬂﬁgﬂmﬁe
aqueous sol ution adm xed with the active carbon in step; L for
at least 30 mnutes. 4. The method for concurrently producing a copper

pomdéﬁand a chloride of a netal other th@f copper as clainmed in claim1l in
whi ch the anount” of the additive netal addeg to the aqueous solu- tion in

step (b) is ¢apisdntheé rangefreic02 to .06 by Weight basetd shdhehaquerus
ions in the aqueous solution. 5. The nethod for concurrently producing a
copper powdesobuticnchl oride of a netal other than copper as clainmed in

claim1 in which the agqueous solution with adm xture of the additive netal
in step (b) is agitated at a tenperature in the range from40 to 100 [err]

3. The method for concurrently producing a copper powder and
a chloride of a metal other than copper as claimed in claim 1 in
which the aqueous solution admixed with the active carbon in step
(a) is agitated for at least 30 minutes.

4. The method for concurrently producing a copper powder and
a chloride of a metal other than copper as claimed in claim 1 in
which the amount of the additive metal added to the aqueous solu-
tion in step (b) is substantially equivalent to the total amount of
the chlorine ions in the aqueous solution.

5. The method for concurrently producing a copper powder and
a chloride of a metal other than copper as claimed in elaim 1 in
which the aqueous solution with admixture of the additive metal

in step (b) is agitated at a temperature in the range from 40 to 100
°C.



