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relates to an el ectrodeposited copper foil and a process for ceasfijghuously
produci ng the 10 el ectrodeposited copper foil, and nore particularly to a
techni que which allows use of a thiQurea;added copper sulfa ik
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t hi ourea. 15 These thi ourea-deconposed products are difficult to renove

conpletely through a general filtggkkgRolfRlgh@gdenploying filter cloth,
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schematic representations of the
greatly affect the physical properties of electrodeposited
products obtained through electrolysis. Among the products,

\~) ‘20 electrodeposited copper foil is used for forming circuits to
allow the flow of current in printed wiring boards, and
therefore, electric resistance of a‘required level must be
p?ovided. Thus, at the production stage of électrodeposited
copper foil, it is desirable to remove undesired impurities

25 and contamination by undesired matter to the greatest

possible extent. Generally, such undesirable electrolysis

by-products and impurities remaining in a copper electrolyte

are removed by a variety of methods; e.g., use of filter



entirety of the electrodeposition apparatus enployed in the 2 pr esent
invention. In the present specification, an el ectrodeposition cell and a
solution circulation process are al so considered to be part of the

"el ectrodeposition apparatus.” Figs. 4(a) and 4(b) are schematic 5
representations show ng a state in which activated carbon is trapped by a
filtering agi 4, ayer. .formed on . strainers used in the ultrafiltration
appar at us.cqﬁctg?' éél’tswaatger‘gp%a%% rgmb'a?’f?l&%g%i resipst Prodt FdRidpry
filtrati on, q:ie 'ia'ii g: 6 shows a schematic representation of an
ultrafiltfstion apparatus. 10 Summary of the Invention The present
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in the copper electrolyte are insufficiently renoved, oducts are
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el ectrode surface, thereby prohibiting 10 uniform copper electrodeposition.
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industrial product. 15 It has conventionally been considered that these
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treatment only, particularly during copper foil production on a |arge
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of activated carbon 20 is known to be an effective nethod for inproving
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studies on a nethod for treating a cop%er el ectrol yte.through 4
20 1is used in combination with thiourea, and this has heretofore

been the only way which allows the use of thiourea. Thus, it
has never been possible to mass-produce electrodeposited

copper through use of thiourea as a single additive.
25 Brief Description of Drawings

Figs. 1 to 3 show schematic representations of the

entirety of the electrodeposition apparatus employed in the



filtration using activated carbon, which nmethod can renove

t hi our ea- deconposed products, and have found that the el ectrodeposition
apparatus of the present invention can be used in a | arge-scal e production
step. 5 In the present specification, the term"thiourea-added or

t hi our ea-cont ai ni ng copper sulfate solution"” refers to either a copper

sulfate s i ontai.ni ng thiourea alone as an additive or a copper
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resulstp the copper ion concentration in the spent solution is enriched; to
t hereby form a hi gh-copperconcentration copper sulfate solution. The

hi gh-copper 5 concentration ggRRaRvSUlEf 2he S iég&As transferred to-the
el ectrodeposition cell again and sérves as an electrolyte for producing
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provided for performing 15 electrolyzing in an el ectrodeposition ce
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.filtration method, and that the thiourea level of the
electrolyte can be reduced to a level such that
electrodeposition-completed copper electrolyte can be
reéycled. |
20 It has been found that, when an electrodeposition-
completed copper electrolyte is recycled in the method
employed for producing elecﬁrodeposited copper foil according
tq the present invention, electrodeposited copper'foil of
interest, which has heretofore never been 6btained; can be
25 produced with uniform quality. In the present specification,

an electrodeposition apparatus for performing

electrodeposition in the above thiourea-containing copper



to thereby produce el ectrodeposited copper foil; feeding, after conpletion
of el ectrodeposition, a spent solution discharged fromthe

el ectrodeposition cell to a 20 copper dissolution tower, to thereby serve
as a sulfuric acid solution for dissolving copper and prepare a hi gh-copper
concentration copper sulfate solution; incorporating an additive into the
hi gh- copper _concentration copper sulfate solution, to thereb repare a 25
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15 It has conventi§na11y been considered that these
thiourea-decomposed products cannot be removed through an
activated carbon treatment only, particularly during copper
foil production on a large scale. From another perspective,
filtration of a copper electrolyte by use of activated carbon

20 is known to be an effective method for improving elongation
of deposited copper in a high-temperature atmosphere. 1In
order to perform continuous electrodeposition while
maintaining the high-ﬁemperature elongation characteristics

- of deposited copper, there appears to be no alternative

25 method that replaces the above method. In view of the

foregoing, the present inventors have conducted intensive

studies on a method for treating a copper electrolyte through




additive is incorporated into the solution so as to adjust the conposition
of the solution, to thereby serve as an electrolyte again. The el ectrol yte
after el ectrodeposition nust flow through a considerably |ong passage. If

t hi ourea 5 deconposed products remain in the | ong passage, retention tine

of -the products is prolonged and the I ength of the path possibly having
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The circulation-filtration is carried out continuously for 30 m nutes or
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car bon paediongad-ilenyiang &epsdtliec|streingtt exfs tHwmrEdll resht arprevest 20
suited to be called "powdery activated carbon” rather than "granul ar
act i vat ed 9€REFSF Lonpefd B Frapoines @md arimdelean ibe tlsedfotl t he
el ectrodeposition apparatus as recited in claim3, since powdery activated
carbon exhi bi t ¥ fheadddepdfor pattemundendtandionpest the
t hi our ea- ecor;r;pos d praoducts,

escription of the present invention, circulation paths

| | 20 provided in the elctrodeposition apparatus will be described
briefly with reference to Fig. 1. A copper electrolyte in
which electrodepoéition in an electrolysis bath has been
completed has a low copper concentration (in the present
specification, the solution is simply referred to as "spent
25 solution") and is.discharged from the bath. The discharged
spent solution, i.e. low-copper-concentration copper sulfate

_solution is fed to a copper dissolution tower and serves as a




25 whi ch granul ar activated carbon does not exhibit. Wen activated carbon
particles having.a particle size of nore than 8 nmesh are enpl oyed,

sol ution-carbon contact interface 9 area during the
circulation-filtration decreases, to thereby fail to attain an expected

| evel of renoval of thiourea deconposed products. Through the
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Is in such a state that circulation-filtration 1s co End™St this
si tuati oncoppert e@akesoltwt,ion is transferred to the copper :

Claim 1 is drawn to an eiectrodeposition apparatus
comprising a path for circulating a copper sulfate solution,
the path being provided for performing

15 electrolyzing in an electrodeposition cell a
composition-adjusted, thioﬁrea-added copper sulfate solution,
to thereby produce electrodeposited copper foil;

feeding, after completion of electrodeposition, a spent
solution discharged from the electrodeposition cell to a

20 copper dissolution tower, to thereby serve as a sulfuric acid
solution for dissolving copper and prepare a high-copper-
concentration copper sulfate solution;

incorporating an additive into the high-copper-
concentration copper sulfate éolution, to thereby prepare a

25 composition-adjusted copper sulfate solution; and
feeding the composition-adjusted copper sulfate

solution to the electrodeposition cell, to thereby serve as




di ssolution tower. The speed of transfer nust be higher than 5 the feed
speed of the spent solution flowng fromthe el ectrodeposition cell to the
circulation-filtration apparatus. Claim3 is drawn to an el ectrodeposition
apparatus conprising a path for circulating a copper sulfate solution, 10
the path being provided for performng electrolyzing in an

el ectrode 9§iéié5E€§1#%§ ggng§ition-adjusted, t hi our ea- added copper
0

sul fate solution, ereby ptoduce el ectrodeposited copper foil; feeding,
The' el ot fodepoct e BCEE FOECPR°EhpRE 1F, 380 RhetZnamonest biom et cby ser ve
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to thereby serve as an electrolyte ag _ :
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7 10 activated carbon in an amount of 400-500 kg.

The electrodeposition apparatus of claim 1 comprises é
circulation-filtration apparatus which can remove thiourea-
decomposed products, to a level such that the electrolyte can
be used for continuous electrodeposition, by, after

15 completion of eleétrodeposition, subjecting a copper
electrolyte to circulation-filtration for a predetermined
period of time by use of granular activated carbon. Although
no particular limitation is imposed on the timing for
rerforming circulation-filtration by use of activated carbon,

20 thiourea-decomposed products are removed through circulation-
filtration, preferably immediately after completion of
electrodeposition. Selection 6f the timing is based on the
following reason. . As described above, the spenﬁ solution
whose copper concentraﬁion has been reduced after

25 electrodeposition is regenerated to a sulfuric acid solutioh

for dissolving copper, to thereby prepare a high-copper-

concentration copper sulfate solution. Subsequently, an




conprises, in the path for circulating a copper sulfate solution, an
ultrafiltration apparatus including therein a strainer on which is forned a
filtration layer fornmed of an filtration aid and powdery activated carbon.
Conventionally, ultrafiltrati on apparatuses have been w dely used for
filtering a copper sulfate solution for producing el ectrodeposited copper
foil. In : uldrafi]tratiqn apparatyses, filtration is perfornmed
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to be effective for renoving el ectrolysis by-products an alnet matter of
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performance, is suitable for renoving matter such as el ectrolysi
by- pr oducesppkrsdilsisopatioal eoweze. | Nn. addition, when a copper electrolyte
is treated with activated carbon; physical properties of electrodeposited

copper obt ai nednf rehatdonhecelthet abbyes tWe Preddit GHUIHLILS. J@Uﬁdet he
met hod i s enployed in production of electrodeposited copper foiﬁ’. The

preserfi i khereocdrcalatdonsifdecedtdphpl apparatulses ¥iR%in he path.
t hi our ea- deconposed products remaining in a copper sulfate solution of a
met hod whTbR thwepr baittie mdeanbagpsoefidad kot Ast ke petedsadl amigut and
activated carbon. In a typical manner, activated carbon is charged in an
acti vat edseanbdancobntinuouahivciipehbpgaticedhpbaghs ove@flow thereof
from the electrodeposition cell, to thereby perform
circulation-filtration of the spent solution. Specifically,
20 among these three baths, a first circulation-filtration
| apparatus serves as a reservoir tank for receiving, for a
predetermined period of time, the spent solution overflowing
the electrodeposition cell. While the bath is receiving the
spent solution overflowing the electrodeposition cell,

25 circulation-filtration may be initiated by use of an

activated carbon column, to thereby enhance filtration

efficiency.



Thus, reduction of 13 provi ded, and a copper electrolyte is passed

t hrough the colum for treatnent. Through this nethod, electrolysis
byproducts and stained matter of small particle size can be effectively
renoved. However, when filtration of the 5 solution is perfornmed for a |ong

- period of tinme, the distribution of activated carbon filled in the colum

t he foregol ng,

i s changed, to _thereby generate a portion where solution flows easily and a
portion where SoBGGU¥H fFiRELIR iR fi1Euptjonr appayatasulis, alaeadyzdd f | ow
is generated in the colum, to 10 thereby reduce the area of contact

i nt er f acetB8t wdh 186 SEARS ica tfory FtL1e@ ebpbethel spens| podusddnt hus
reduce the purification effect. In addition, in the nethod enploying the
activated°¥§F569w38Pbmﬁegﬁ%ﬁﬁﬁ%ﬂd%Rﬂﬁ%E}%H eatbon I8 thei sacopdused. 15
When the activated carbon colum is used, an excess anount of activated

car bon nu@PPREatNErg&d HGRIRRIRN i sFakionsigoperfarmetl Epradlomibytese of
activated caibon, to thereby assure a sufficient contact area between the
sol uti‘on 8Rd9BERTat edREArHFHFUIRE PR 1£ ] brehioBoAPREratuse isUequdbped
activated gﬁgbon inéﬁn excess ampunt results in an increase in costs for
appar at us¥ Al ACHIYREST IRARAN BBy serehaganfagebidtyasionameags,
productionhggsts. Furt hernore, the nost effective nethod for increasing

area of c¥ t CPAPELELS: HAXRASRE RALR | E0F alBtREEPGAREdthS salpbAons use
of aCtiVi%Ed c?rgon h v%&g} smal | particle size; i.e., powdery activated
carbon. HoWeVE&M® ﬁh@ﬁ%p e&f’a YRARR PR pbATi digsBargdngntheti vat ed

tion introduced to the col um

b | f_the sol
e R s bRl O R et P PR AR L0

ase i Whj | tivat i | is difficult to attain.
nccord] nofs S BB AN d BeShgill o Tan lata Ry 8, B0 50bi Ky caPRemS | n
whi ch i j s,.added difectly to a bath filled with

Sol it on, “Endt AR UEIRH 3 S REE 464 adoraPePE/Rapubpatornl y

DDl e s 8r BBt SO LA TU A ARG OHEROS 1 87 O GORPER, 101 k0 LH S O |

present 1 nventors have con

b [ t - which is f d
Curface of FacerraPR PR RHIER N AT R #PIFFeR bRoarirng” Thr ougn

surface of a strainer iInvolve atl

this method, tREOWeRAtIRE AP WEMAR PIUCLS SP%"?Q?aEe?ﬁ!f@a?%ﬁé%g%%%gﬁt

powdery activated carbon through one course reat ment, r t o5 ni ng
contiysuoupet 18aENBAL thle AWML PR EAI Y Has a particle size of 8

mesh to 50 mesh. The present inventors distinguish granular
activated carbon from powdery activated carbon at the
critical particle size of 50 mesh. Thus, activated carbon
particles having a particle size less than 50 mesh are more

20 suited to be called "powdery activated carbon" rather than
"granular activated carbon.“. Powdery activated carbon can be
used in the electrodeposition apparatus as redited in claim 3,
since powdery activated carbon exhibits high adsorption
pgrformance with respect to thiourea-decomposed products,

25 which granular activated carbon does not exhibit. When
activated carbon particles having a particle size of more

than 8 mesh are employed, solution-carbon contact interface



As recited in claim5, the powdery activated carbon to be used in the

nmet hod according to the present invention for 20 filtering a copper

el ectrolyte preferably has a particle size of 50 mesh or under, nore
preferably 50-250 nesh. In the description provided herei nabove with
respect to granular activated carbon, activated .carbon having a particle

[ f 50 haj S: cat i.zed l, ti vated bon. Ho . 25
since the B0-wedht 5] TP oG AR ToRA 234 taabd onn deaneae e tRo TRy

car
recited i im1l hat recited i.n.claim 3, the activated carbon is al so
categorizgﬁggg g%m%ggﬁkgcépv§f88°ggd IEXFBOH% WRER VAt ofattdd odxedon has a

particle si h.over (i.e., larger particles), the area of contact
interface %%gﬁﬁé%g ?Cgfgguggfbon particles decreases, to thereby fail to

atialn reroval g bOUQULGY. dSSRIRRRRY RLATILS L inauon ane 5 course of
upder 41, SecoiBLLEs PLELELESLOERRE LY. STUBERARLIY 0 L ke prenorera, (o
TS, o 86 LU o oL Ry RSBt boRs OGO 0L Ly 10

ot €1 201V PagBSl AL Ll LR b8 pps bl A lecatl e, V11
ored on g 86 plag; SLEBRASKd oL ASLUCR SR80,V GBI LECRLLRN 0,
pre cont laues TN OoaCOR! cLaKEh, | tnTBLFEY By HEb bR phLbEEaLLAN o3 ©

known1 i | td deuiidl, agdfbivs efadl é‘éﬂf‘rﬁ&eggg?f@%épe E%ag:higthgﬁﬁﬁi%& ,gi g. 5

cel lul ose, which exhibits a particle size [ o a

can be usaskodidtich i@ &i@&@roéeﬁgﬁﬁkéhccéﬁﬁggnfgﬁgd OhgﬁggﬁgtfgégﬁPPgn,

materials may be used as the stral ner accordl ng he pres

so | ong astHéesfore@ne t fbed Abe ERh Hitle généihﬁ?aﬁig e@Egoagpokaﬁgﬁt%y

pressurized solution. Wien a pre-coat layer is forned on a rai nér by-use

of the af orsmet iDNEidutés 2480684 ak6ppsi CEQ1 858L CsBELWOLK Egﬁsﬂﬁes 16
which allow a copper electrolyte to pass are generated I nside the pre-coat

| ayer. Theresgdpirzogpti ate thi ckness of the pre-coat layer is 5 mm 5 10 to 50
mm The thickness of the pre-coat layer is in proportion to the anmount of

powdet§ acti vatBhle ceobumet capaetsitynof heatByeircAtaeidhnehy ¢ rakeBnt he
thickness is less than 5 man, thiourea-deconposed products cannot be

~ renoved s@rRaxatis yidydevernimed cbpfthieé | ¥6 biimoONof Wee283oWE EBRution,
thickness is in excess of 50 mm efficiency of renoval of
t hi our ea- A& dge Yo dlepend® sen ndhe | ol wias co £ 0SOEGE6AL Eeddi £8 thE
increase in thickness. As recited in claim7, a preferably used filtration
aid 15 20 ekectrodeposition cell and the time required for circulation-
' filtration. Thus, the volume capacity varies in accordance
20 with the qonditions. ' In the electrodeposition apparatus of
the present invention to be employed for producing
electrodeposited copper foil, a capacity of 6,000-15,000
liters is necessary if the volume of solution introduced into
the electrodeposition cell is controlled to 200-500
25 liters/minute per electrodeposition cell and the time for

introducing the solution into the reservoir is 30 minutes,

which is the minimum circulation-filtration time.

10



conprises di atomaceous earth having a particle size of 3-40 Nmand is
formed by m xi ng di at omaceous earth having a particle size of 3-15 um and
di at onaceous earth having a particle size of 16-40 !'gymat a proportion of
7 . 3. The reason for using two types of diatomaceous earth differing in
particle size distribution is that the packing density of diatonmaceous
earth in the pre-coat Igyer is elevated bZ.intruding di at omaceous earth
particles havify B%hd FLEFytatrien- Shhtratien arpaE3turadsndBesusSheart h
particles having.a |arge size, to_ thereby enhance efficiency of trapping
acti vat ed sc%ﬁttﬁ)%”}:?e'if tioniGikbration imccomrieredy npbdt aksthase

i nvestigated the conbination of diatomceous earth _powders having a variety
of particl®AEonnEhe Feated §Httion ks | teansEepragd b bhadeepper
activatedﬁ¢¥¢xwlcan be attained "by m xing diatomaceous earth havin

a
particle sQhution tower, g ,The Apepd:fmbernafenrpuehabenbighesr Fgépe
size of 16-40 umat a proportion of 7 . 3," and that the thusproduced

m xt uré i stll%etuﬁﬁfgts%‘?ﬁp‘{ a‘gé)etlf? |§ReRt O?P]df"cP-%eﬁl%bﬁgpf§§§quel oss of
solution tq be fed to an 5 ultrafiltration apparatus is taken into
consideraﬁoltﬁﬁt SReerian, gell 159 the iotrehtation- fiktEahionayer is

formed on a strainer through a customary techni que. More specifically, the,
pr e- coat |a£peq.ra} 2% or med by the followi ng steps: introducing to an '

cont ai ni gt he GBRBrort T SHELH 50 CHACEIRELEGMRos | BRPA RRPATABHEa ni ng t he
T O 15 A b T
t he sol ut %ir:\e %%ﬁgsg%&é]gbn%o?e%&uésé 2t;°r’f PEH T r ai ner; pasges Itohr ough the
i Schar ged thr o 2 Sttt 4 A SePfodte SN Ean pha 7, 0 70 S

2 soluti o T R Ay AL AR Gl ladd bty CoRRERERTRPARFEpR,

strai ners.tg\lqmégy::#ﬁ;ddééﬁgpgé%d%d%%%m dPesSpyposition of the

sol ution containing di at onaceous eart g a pre-coat |ayer, and

the sol ution todwasisgd mepecéﬂf&ef&h&fé%&&&pﬁggtgksﬁwg'g Enko be

filtered, a diluted solution thereof, and water, on t asis o vant age
in prosessdaiic afdtharfdE £ LN e NrsiepOsition e618tEgigers in
the ultrafiltrati on apparatus, powdery activated carbon is trapped in the
pre-coat |epier FAiBdcliutiod owarse dd oM rdbyi d OP@CePUS - 8 Fhr £ONLABL QI N
solution is introduced to the 5 filtration apparatus, trapping i1s perforned
by i ntroduexingilon donildisaidlvim icspbpnpamd Wrdpa i £ hegPL ogpét- | ayer is
formed a sol ution containing powdery activated carbon (hereinafter referred
to as " actdoratesdt meatriwon quppdr enilfate FWtivh;) froma bath containing the
solution (hereinafter 10 referred to as "activated carbon pre-treatnent

bat h"). Thr oughicwtoxdrerstpiang far sdddintivdeintes ehp wileh yeappevat ed car bon”
refers to activated carbon having a snall particle size as conpared with

t he a?®r emondentah tfram dompeartsuldtade carlhdnionl5 tS nthexeby phepare a

di at omaceous-earth-containing solution for formng a pre-coat |ayer, no
par ti cul arcampasikiianT &) yahesk caprpen mnlfatsosialiutnied; tamd sol uti on serving
as an activated carbon pre-.treatnment solution, and the solution to be used
may be sel ect ef¥adiR% i rampesictian yadd uatdt quppertsubfate dil ut ed
solution thereof, and water, on the basis of advantage in process control.
Briefly, &fFudOR &%edtheardesimadenasdition acadilut it therehy usexve sas| ong
as the solutiqgn does not cause contam nation of the copper electrolyte by a
conponent 3% SMfETOINRIRIMing filtration 25 by passing a copper

el ect gl yte thggluargﬁr% strainers after formation of powdery activated carbon

t her ed® and do ctaRizad 4% rhater it &t (uRRGReAR i RPSEEEpn melatireshown
in Fig. 4(1%) a pre-coat_,layer fornmed on strainers conprises di atomaceous

, I
earth servindPs SPRRL Aissnt uhiem fpwedhdiere rawciRent ko Patkemeted Thus,
a portion ery activated cgrbon introduced into the 5 ultrafiltration
appar at us gr?t“??f%s %ﬁ@iﬁ&%ﬂ%ﬂtﬂ?@ Feddadds vhieh RARREEP IR EEXR BAF bon

particles which cannot intrude the passages are deposited on the pre-coat
| ayer, thereby form ng a powdery activated carbon |ayer. At an early stage

of introduction of the activated carboylpre-treatnent 10 solution, a
predom nant anount of powdery activated carbon



passes through the pre-coat |ayer and is discharged fromthe
ultrafiltration apparatus. However, as this operation is repeated, the
network-1i ke passages in the pre-coat |ayer are gradually plugged with
powdery activated carbon, with the 15 result that |eakage of powdery
activated carbon decreases. Wth further continuous circul ation) |eakage of

powdery agtivated carhb stops, and_ the_sol ution passes selectively. At

this staggee r ap) pﬁ‘getﬁglpsoﬁﬂg?él AR tFvarLhuEdrpBAifnspRatioa £oat | ayer is
conpl eted’di%% Qrown in Fig. 4(b). 20 In the present invention, a plurality
of layers"i i&ﬁ'gprcg-pcpc?gi' é’ﬂé‘?% L5 PEoYkeed acfilsragionr meansayers are

al ternat el mstﬁck.ed can a?ltgrfag{ d by alternately repeating formation of a
pre-coat Fayer and'% At {%bﬁ\ﬁ 19" RPPIEREHScARBANAingc Hhgredm: ja | ayer

structure_enahles to 25 .el.evate filtration efficiency of
t hi our ea- ge(?%lr%ﬁlc?%émpr’” ot <8 (£ormed 2| EdLEEREhenaABURE SPrmedphpedd an

activated I and .finely control solution_purification performance. 20
I'n otﬁger vﬁgra&ls%%rltlﬁé‘ satiéicla% RO ’fYo?‘n%tg’!’a??l‘é PREPEBat | ayers and the

powdery activa carbagn |l ayers be determ ned in accordance with the
anount of thi ot@gea eta'lc?%eroa%ye%s*gP%nCBBBQFa'é\‘ﬁcFFSIWFQ, ipheladBust of

t hi our ea seq._products .t o.be forne nd simlar paraneters. In
addi ti on, éfﬁlgggg%%ér qgf t?%ecq%&}%rfsmf ocg’éc'éf%'é g anfoPRerofudERte: hi ckness
of the la be _appr. iately determned in view of filtration

ef fici enc%é;sa'iugg?é,n 'egge%c# %afgislgtg%a% R PRI R BFIREingotReredn fied in

claim 6, e i.yate on |la to be fornmed i.n the nethod for
filteri nghgggg%\ggr @gl g'g{irco y’t%cej tgog:ngergdiangyf%tf?@fﬁ?egﬁﬁfri foEmeAoRE an

o1 ef argbl [ f 5 the thickness is |less than 5
Ty T SR e il CARC A pokde R e L &4 e A B Hias | EPPBETERBRLLY

particle gleealr2ndsakdohe ﬁiéﬁ%- | Gl ' reas en the -
thickness is in excgss of aS%’tmn ﬁ%??’ﬁ‘l;%ﬁgegﬁi%%%%g ;uls.eg\.M,gogase of

passage otimeaaghgehe@bﬁge&t E‘sulci‘?ﬂ{é_?ass&fut{t Lﬁ%ﬁ%ﬁ?@ i sadvant ageous

cost problem Through the aforenentioned ne ng a 20 copper

el ectrol yezeaeeoadpogited Ropyersaii NVeny i&&r&@@”ufi:f&%i?@%&?%hi on is

performed by use of thiourea as an additive for controlling physical

properti eapphrdepesist, edi1¢eRRalon %ﬁ@dﬂ%@%@%ﬂrgdﬂﬁé%SQQ be
effectively renoved and a cl ean copper electrolyte can be regenerated. 25

Thus 15accmethod makihe peeSOE a PAAYr¥LodePRS] teﬂhGOBPSEcBQQdHSEfiod
exhi biting specific physical properties can be produced continuously, even

when t hi olinealwkenprescoaednl a iﬁﬂdﬂ&&ﬁ@ﬁdmwsfﬂ@E&EQQEPQ%E&OBI‘%
copper. Mreover, an additional -use of a body-feed nethod in which powdery

acti vat edmetabdhci scaddadwditheat |f4 Iitrdthiors paid SWhita®Nayhtehabasypot yet
been filtered by nmeans of the 5 10 15 20
earth or Pearlite; passing a copper electrolyte through the
strainer, to thereby deposit electrolysis by -products and
20 impurities contained in the solution; and removing the
deposited cake. Fig. 3 shows a schematic view of the
electrodeposition apparatus.
This filtration method is very advantageous for the
treatment of a large amount of electrolyte, in that the
25 method causes no plugging over long-term operation and

attains high-efficiency filtration. Thus, the method is

widely used. 1In addition, through the method) filtration can

12



25 aforenentioned ultrafiltration apparatus is also remarkably effective
for renoving thiourea-deconposed products. A variety of specific techniques
can be enployed is the body-feed nmethod. For exanple, a copper sulfate
solution to which powdery activated carbon has been added in advance is fed
with pressure to a pipe for circulating. spent solution. Aternatively, a
body-feed bath to which powdery activated carbon is added with stirring is
attached & &97antags nPerbarandeincareaspancei va thelthet size of
ultrafiltration a ratus, to_thereby m ngle powlery activated carbon with
spent sm|HQQﬁﬁrl££) rAmeYRd af BY cABRrPBELAteLEcELddepdaigt Dowpamtdieat us,
thiourea r i,ning in an electrolyte at a concentration of 6 ppmor |ess
can be reﬁggga“%f $13%19n EdnshRBnaghtYPRi audenarsodcdet sdizieon i s in
excess of 6 ppﬁgaco | ete renoval thereof can be attained by prolonging
circulation ti mP¥eNehedfRenia; filEnatignt pddnambuseds sdmgdiyndms the a

| arger_filtration a ratus,_ or by nmeans of providing an additional

filtrati oR*& &Pt b Aleqkrelyeir cbeppsrduehsappdr stagnedc maditeg t o

t he present, i nv qéion. .Thr ou Qy%he af orementi oned el ectrodeposition method,
electrodeﬁzﬂﬁﬂ§} Riisisimb kil i BRRRAE PRecremeyYedi ngFunshesmerest wben

whi ch hast Quver hee obt.ai ned_t rOﬁgg 22 conventional nethod, can be
produced O s B3N GEA& fikee |9f the nfaltrakien;aid, gi seduerdcspodepstsi t ed

copper foi ai_n through elecirolysis of a thiourea-added copper
sul fate sg:eu%lmc?n,ma?ﬁtaerra&% pasps| %i/e‘é'k%?%"(ﬂﬁgb&'HF@ﬁ“StPeQistFlﬂﬂ-fly, as

nmeasur ed % ur fa nent, of 0.190-0.210 e-g/nZ for a ‘

fQi ] with t
nym nal deticde slee ' Eiiiafion FPLdlohey ChecranneRaropnidRmabavel o

=* 0.4140-Q. 185 ~-g/ for om nal thickness of 18 ~; and 10 0.170-0. 180
~-g/@é7fo?'%'ﬁo%%%a ﬁ(ﬂé%ékf%ﬁfé% Degomes ROOLny Bhusssyadngtion of

| fi f. j f h R f 0.1-0-3
£ R B AR
resistivity on r ast e eal i zafi gqn of conti nuous
and cOnsta)rllt el%ct“?o%m S L?’ﬁé@%’feng't%i%ﬁ%’é@%{fﬁ?aﬁnﬁ?hﬁgdmﬁﬁp

el ectrol yaetilat e Tadbon ks il i xl[c}D%eede@Pd%ﬁgisare 82 measuied in

accordance with a net hod define st an VeNEREOTSM8VEAT which is a

met hod geggealths |g0 JEES W i StV f . go 20 foil . for
produci ng pri rtl:t e&gvﬁﬁri ?lsgdl%gdds. R&%gﬁéﬁé%fﬂé%%%’grogm Bgi‘%rpﬁfg%ﬁﬁng

printued weizeg boerdvated RATHAL, iHaWGEP NCE ards M- 150F
3.8.1.2. Rated values are 0.181 ~-g/n2 for a noﬁ¥%%raé€§%§%£§§ of 3 ~;

0.171 ~- gbeR £beinan cqMiiBalsud 4B & s Sr o g r?aéﬁéx*é@éﬂaa%or a nom nal
t hi ckness of 18 N. and 0.162 ~-g/n2 for a nomnal thickness of 35 ~ or
nor e. VMealeQMpangdiwibh-ﬁbﬁﬁhdﬁﬂl&¥5éﬁﬂﬁiiﬂdkdfgiétéfﬂéfdsIﬁ*ﬁ&éition,
when a copper electrolyte is treated with activated cérbon,
physical properties of electrodeposited copper obtained from
20 the electrolyte can élso be dontrolled. Thué, the method is
employed in production of electrodeposited copper foil.

The present inventors have considered application to
removal of thiourea-decomposed products remaining in a copper
sulfate solution of a method which can provide advantages of

25 both the pre-coat method and activated carbon.

In a typical manner, activated carbon is charged in an

activated carbon column in which rerforated plates are
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150F, the resistivity of the high-resistivity el ectrodeposited copper foil
i s higher by approxi mately 1020~. However, note that, since |PC st andar ds
MF- 150F defines the thickness of copper foil as the weight per unit area,
the 5 thickness is, in a strict sense, different fromthe nomnal
t hi ckness. The el eetrodeposited copper foil obtained bykeLFCt (rjol ysis of a
i -added, copper sulfate solution exhibits a remarkably dense
?rihlc(r)g;??ua(,‘f{ﬁ%i‘??lg&?\m%‘h TrRRRET 191 ¢F Br el vbeinbRrpassednrorobgh dbhect efj
| early under an tical mcroscope at a magnification of approxi mately
gogg. X\CCCﬁ%‘TrW ygg{' her e teren i ysthrewgh| hbg*?t“}ethﬁ‘él ewteotivpbysiedbrepper
foil, an effe&t equi val ent to_reduction in the size of crystal grains.
Speci fi calRFPEYFES ARt HARARS i RRHERBpPErsNELY Rarehel oisbze cansbee
strength as_hi gh, as, approxi nately 80 kg/ m®2, a Vickers hardness as high as
150 Hv toezfz‘g“?ﬂ/‘,’e]a%og%{“%‘(ﬁqac VeRYPheshemRAl bsr atdkon @%dﬁhehﬁ. 0 I(Kl)m f
h sent Jjnventors have further investigated an increased nunber 0
lpgcﬂéns,s ‘Htﬁ%e{? RERERD tFRX stiriore IPWT&% ?#&9: Zoheﬁn be t
liably controJled to O.7-1.2 Vim Such |evel of surface roughness canno
[)g ;?t a?/ne ?‘%74%‘1)'??’? At a4 Y%%ﬁ?%c%ﬁp@dfmlt?t%@hw;hff)ugg a
t omar thod, The high-resistivity electrodeposited copper foi
;gio(r)di né ‘{{ga’}%eed'pr%%eﬁtheqﬁ%rﬁ?'tﬁfa%\ﬁ RPTHAP (e salveivp hfbods
Vi ckers hardn advant ageous for, serving as, TAB material. TAB is

produced t %Boluﬁ’%gire%/eﬁg%?fn WHET G of T $ i PR itk FbEEieeltYs by use

of eleotr 0 copper. f.oil d bo ditfgg‘bﬂlﬂ% devices to an_ inner |ead
gpgoduced ?\?sg% %éesetglatrfeqcoocpapleirz?%i ,°"fo{_15 'tﬁqei(ﬂltrﬁﬁjrff?w "DKER the
ténsilg st he'é}f%ﬂ} L{Eee el ect r.odeposi ted copper %ﬁj_ is |low, an inner
| ead %grt i‘{)n 0 rrglfcféo ccf_}:ﬁ‘peera r:gllogff??gm?:td_ ter W]erffgt"fﬁE%nS;JLg, ttegsi e
di sadvant deod 4 heShape V cﬁeﬁsg Dgi .33{‘) .
strength is hig e sﬁ%%ﬁir}; acks ecaérz ‘H’eej)yee;cc?)_ t Jé'(r;";(cne charonne t‘i}ﬁ“nﬁ%i??/\iz;iu;ﬁ
can be apriyesGurtile A (f]&e%.an gdd 3 ion, in 't t :
| C devi ce andq’as iner Tead ¢ e e‘aie.gc%eréci.epofs'l & ctbep&era E)‘?Irf:gcor di ng
to the pr%i%:lto P HHD W A it &P ' SBBIP! %H[r.\ ag e%i.\\ﬁ.'an dc
roughness (Rz) yo;ﬁ%. 3-2.0 Vim Suc% copper ]T_0| ! |g§ ca"fcjego‘?#‘i%‘b‘f‘gs vary
| ow profi lcarsuers figidi adhasddlaracteristics suitable for form Ingd
fine' -pitch circuits. The characteristics are provided by copper-cla
| am npg e When the activated carbon column is used, an excess

amount of activated carbon must be charged into the column so

- as to ensure filtratioh by use of activated carbon, to
thereby assure a sufficient contact area between the solution
and activated carbon and a sufficient contact time. Use of
20 activated carbon in an excess amount results in an increase
in costs for apparatus and maintenance thereof, thereby
disadvantageously elevating production costs.
"Furthermore, the most effective method for increasing
area of contact interface between solution and activated
25 carbon is use of activated carbon having a small particle
size; i.e., powdery activated carbon. However, when powdery

activated carbon is used in an activated carbon column,

14



gb@erflome

produced from | ow profile copper foil. The present invention wll next be
described in nore detail with reference to the 20 foll ow ng enbodi nents for
carrying-out the invention. Best Mdde for Carrying Qut the Invention

Enbodi ments of the present invention will next be described. The

enbodi nents w Il be described by taking, as 25 an exanpl e, production of

el ectrodeposited coPger foi|l through a process in which a copper sulfate

el ectrol ytRFTESRER I8 sOF uEhensBLuthpsy et nofnagdl)td thaidalumnt he 25
electrolygf and the concentration of thiourea in the electrolyte is
control | edATERAERAL FReLRORERN FANEEN EXrgQuent pRugainangdvis 3. 5-5. 5 ppm
First enbodi nent - EIec#rode osi ted copper foil 2 having a 5 resistance as
hi gh as o.ﬁ%ég'f'i’g% as g ’Frﬂtlegof’aéenbﬁi Wil ohhigzlemadarpfactg vated gackomed by
use of an gl ectrodeposjtion aratus 1 shown in Fig. 2. Arotataing
cathode(ﬁ%ﬁnQPeékwggoﬂ%SQBfgf@“bFoﬁPdé&tﬁﬁnan dceomddaapiasi tinmaeehal 3
shown %n H%%IZ, g@d a conposition-adjusted copper sulfate solution 10

cont ai Ri nd 3T Dur &2F %%”gﬂ?%de%laygeabets& WEeR tmem tr,otigt aviiekeat hode
drum 4 and the anodes, 5 at_a rate of 300 liters per mnute. During supply
of the solpu‘f‘f%?fy 2obrrred rpthent 1psadded: Adaessdm 4@ on hath sidIled of

the rotat gj cat e drum4 through,electrglysis, and the thus-produced 15
el ect rode%’oj’m eag %?(;Jg‘b fm?’oi?m% e i RyxEureeds: stiraed -t hiBatmds £ 1en toden

up. After t.1.on: o cirolysis, the resultant copper sulfate solution
i n which Hﬁgqggﬁé%ﬁ r%é?%wf%ﬁp%%%%értPsal5ﬁﬁPi9§.F°§ﬁéﬁPQHﬂ ution)

over f | ows sition cell 3. 20 The spent sol ution which has
STk sk

e €eposi T o RRFF 3 is fed to a circulation-filtration
TSt Ton- 1 1 TS AL o A B S AR e B Re Brbenie i nwentans, haaki g
Sol Ut on v g 4 VL bARRALT 45 ey F e ter PPOn Lac PRuS S oo 0 8
V3 and oamned By 3 2R SRR FRIBK, Sp Re ed prce sursace oF'a

e e o s et O CRRRY Aiofe PPer £P11 2R Py’ RpRRbl. Wil o

and the circuration-filtration apparatuses Uhre

with actiealied meained) aHi¥irea’Ade dbnp&Bea 'Sx agépgcggxegg.rlheref re, the
6b, a a R¥%e

circuration-filtration apparatuses 6a, n C are eqU|ppeEqﬁﬁ di ng

bypasss paulse &F piudeaid strtivaA P daMedy tﬁf’él_ﬁéﬁighggcgngs olgtion ~to
e

the activated carbon colums 7a, 7b, and 7c. circuration-filtration

appar at useése@tmeilt,, aMerEbyalatt tH IS01 1861 Uk GRE fin ¥¢ ' pas t hs
9d, 9b, and 9c, respectively, for dfgghargiﬂgw?égn?¥ﬁgégégﬁvg¥e% %% ot

colums 7eleftrrcaytelc the sol ution which has undergone filtration. The
respective activated carbon colums 7a) 7b,

As recited in claim 5, the powdery activated carbon to
be used in the method according to the present invention for
20 filtering a copper electrolyte preferably has a particle size
'0of 50 mesh or under, more preferably 50-250 mesh. In the
description provided hereinabove with respect to granular
activated carbon, activated carbon having a particle size of
50 mesh is categorized as granular activated carbon. However,
25 since the 50-mesh activated carbon can be used in either the
method as recited in claim 1 or that recited in claim 3, the

activated carbon is also categorized as powdery activated

15



15 and 7c are filled with powlery activated carbon (500 kg) having a
particle size of 8-50 nesh. The copper sulfate solution is fed to the
activated carbon colums 7a, 7b, and 7c at a flowrate of 300 liters per

m nute. The circuration-filtration apparatus 6a was used for 30 20 m nutes
as a reservoir tank for receiving the spent solution which had overfl owed
the el-ectrodepositign cell 3. Wiile the copper sulfate solution was

recei ved GO ¢ir t3OFYa$9dt FaRbapphaat aspeatitlet sazeonfob0t mesh
solution was .injtiated by use of the activated carbon colum 7a. 25 The
circurati8ﬁﬁqI{¥%ﬁiwniighﬁﬁeﬁiﬁt%%lﬁﬁb'thPearﬁBthfthenbaetfﬁnuedfapent
solution, _and the solution was subjected to circulation-filtration for 30
mi nut es bR ISg cﬁcﬁ‘h"e“ﬁdo caphon Rertialesndeerennefp. touthayeby fail
circulatign-filtration, the valves Vbi and Vbz were closed. In the
circuratigﬁ-ﬁqﬁﬁﬁﬂi?ﬁ#%ﬁﬁ%ﬂ%ﬁiﬁ?%ﬁ?r%ﬂr@ﬁF@PP@ﬁeﬂiPr¢éu¢ba bhrohghsohet i on
was c | eted. The 5,50l ution which had undergone treatnent with activated
car bo wagoﬁéfﬁ(?%1%ﬁ;ﬂﬁﬁt*ﬁﬂﬁxﬂﬁﬁ??ﬁﬁt%ﬁb#vigeéycérbghngavhagvalve V~1
and openinp he .val ve V~2, The solution was fed at a rate of 500 liters per
i nut e. wﬁgﬁkﬁﬁ§?ﬂﬁ%ﬁﬁ1§%(ﬁihiW??Qu?%ﬁPprﬁratussﬁéllsrlnaev&cmeséd,
feeding o spent solution to the circuration filtration apparatus 6a is
st opped b%eépggpﬁﬁﬁﬁﬁfﬁuﬂkH?Qkﬂq'%ﬁEFt?ﬁ?%&#ﬁ%?ont?sthéﬂebn iherease

circuratignzti ati on apparatys, 6¢c by opening the valve V~I. In the
circurati g%eFlsIL"t reétlloc?r? a §r°§t%3°§h,a¥$e‘p%%‘l“iﬁi%ei%1%Ylb?‘éét§élt§e 1Shus,
circul ati ppzfilstrati r 30 m.nutes by, use of the activated carbon col um
(T}. Feedi ﬁga%*’i etasc%gr‘l{a%seo lﬁalr(Pr?’WﬁeC%‘Yﬁ%s RS Re¥1ed raf i Bhmer om t he

Cl reyrat | pRAEL Lon r s .6b to the,co r dissolution tower 10 is
i ni tilig?edge%éﬁgﬁt%tﬁgqf t}?ﬁ%??’c??s&cﬁlet RN L e‘ﬁ"%ﬁ‘?%uﬁ’%’f‘?%-\‘??@r 4Rion 20

appar at usgsa 84 cgh 4 g2 h I d. The speni sol ution which has
undergoneﬁfialtrgti on ?%e?%d ??ﬁ%yﬁgoﬁ T ’cif‘gu‘f’:ﬁ‘fo EifitEsetiem

appar at usgg£9aiedly ARG Qosty .t he copper dissolution tower 10 via the
correspondi ng one of the valves V82, Vb2, and Via. Special 25 grade copper

wire serving awidndiS¥AUNR PWGE BS Al&cs%hi1a next be described
a pre-coat layer to be formed on a surface of a strainer
15 included in an ultrafiltration apparatus, and a method for
| trapping powdery activated carbon in the pre-coat layer. The
pre-coat layer is formed by affixing a filtration aid of
predetermined thickness on a surface of a strainer.
Any generally known filtration aid, such as
20 diatomaceous earth, Pearlite, or cellulose, which exhibits a
particle size distribution as shown in Fig. 5, can be used. |
-Filtration cloth, a metallic screen, and other porous
materials may be used as the strainer according to the
present invention, so long as these materials can retain a
25 filtration aid and filtrate pressurized solution. When a
pre-coat layer is formed on a strainer by use of the

aforementioned filtration aid, micro-scale network passages
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in the copper dissolution tower 10, and the spent solution was showered
onto the copper wire while air was bl own through 28 the bottom of the
tower 10, to thereby dissolve the copper wire in the solution and obtain a
copper sulfate solution of high copper concentration. The copper sulfate
solution of high copper 5 concentration was fed to a conposition adjustnent
tank 11, frﬁih%thiourea was added to the adjustnment tank 11, and the
concent r atYohchfat heW A 6OPRAT| pleatrabytei bn pessadresyedetratdd5insi gepm
to thereby obtain a conposition-adjusted copper sulfate solution. The
conpositio -%d?ﬁ%t%ﬂaEggﬁﬁﬁrsulfate 10 solution was introduced into the

el ectrodepositign cell 3, to thergbx carry out continuous production of the
el ect r odeposi t eBPEoPBRFOPEEALS thiigkreasenfr sheopref cohtolagarwds Gbiai ned
t hrough hi hgﬁfrfornance sol ution chromat ography anal ysis. The 15 anal ysi s
was carrie Thder ThEctRbekRes s g0 oblie t Poescoatl Layer#8820n(4. 6 mm

(i nner dianeter% X 500 nng (product of H tachi Ltd.), nobile phase: 10 nM
urea sl utRTIPOFEIAR tP cthe amowmty of spewderynpetivabedncanbon 20ribped

det ector: éﬁ’ I(%ig;égroduct of . Shi madzu Cor poration) at W237 nm and 0. 02
20 aufs, ¢ L#HF enpRFSRIAERIUYC when otlye thicknesysis, lessophan 5

el ectrol yte conponent apd thiourea were separated fromeach other, and the
concent r atTon ot I T E2CMWROTRA RF RN S t prRNBRL | ke ofemoyedvi ous| y

prepared cald ion curve. In the bel owdescri bed enbodi nent, the
concent ratslahoéntb{oaiF ’f‘#ﬁﬁﬁ@é Re ROWERR R f { htsakipmervhereaarvhent hhe

descri bed éﬁﬁF'Thgielectrode osited copper _foil (nomnal thickness: 18 N)
phoduced through the hith SHETRTORY 1} Jsefficienoy of cxemewateofis hi gh

0.180 ~ ensile sirength of 78 kgf/mm, a Vickers hardness (Hv
Of 18%? antggfacﬂgrueﬁa-a%eecomposeé prc%ucts does gnot: increase commensurate ( )

with the increase in thickness.
As recited in claim 7, a preferably used filtration aid
comprises diatoﬁaceous earth having a particle size of 3-40
Hm and is formed by mixing diatomaceous earth having a
. 15 particle size of 3-15 Um and diatomaceous earth having a
particle size of 16-40 Mm at a proportion of 7 : 3. The
reason for using two types of diatomaceous earth differing in
particle size distribution is that the packing density of
diatomaceous earth in the pre-coat layer is elevated by
20 intruding diatomaceous earth particles having a small size
| into spaces defined by diatomaceous earth particles having a
large size, to thereby enhance efficiency of trapping
activated carbon performed in a later step. The present
inventors have investigated the combination of diatomaceous
25 earth powders having a variety of particle size, and have
found that effective trapping of powdery activated carbon can

be attained "by mixing diatomaceous earth having a particle
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roughriess (Ra) of 0.02 ~mon the deposition side which is not brought into
contact with the rotataing cathode drumduring 5 electrolysis. Second
enbodi ment: The procedure of the second enbodi nent is the sane as that of
the first enbodi ment, except for the process for the filtration of ‘

t hi our ea- deconposed products. Therefore, only the filtration process for
thiourea 49,degenBoggdupr @ddciss o\ 1 bed, and repeated,
descri pti on-will be ompt t eg. Toa}tyﬁgdaec%?ei{lst %Sao!gtg}?glﬁée,l?%ea s%%f)ﬁgcgﬁbﬁaizﬁent
will be dggcigbgd Py HE€aOb ke I enceg fnuneka s,.used in the
first embodi nent. EIectrgdégo?ifgggﬁbﬁgi?ffbﬁf'b %Eéﬁ%%ag ?%%i Yhce as

i gh as 1pr8adéladni@Buredilh chendt GARGAH1L FOMIAL 1S £KRCSTLR 18 )
was produced by use of an el ectrodeposition apparatus shown in Frg. 3.
Fig. 6 i swaenepkakgadeS1BBERLIEC sARARN Y Ik SLPWEHT QNI Y an
ultrafiltration apparatus according to the secoﬁ%ggsgéﬁgodinent. The
ultrafg | taatrepi2PPatabs apparathsdss & akdd rald 1dy; & Pre-coat
bath 14, an activated carbon pretreat menat bat 1@%%&%&%@%%0@ P, which
conponents are egnaget 8¢ LAANA FAIHeidP? £ PESt s 0) .are
appropriately provided in the pipes. A ;bent 25 so %?+%§ fé?%.?9¥§% }grget

for filtrabrmed bf anbeoddaesd tArOUGRE af iIdud Uy Wfi&@e 13 jbrgugh an
1Tl

inlet A and a spent solution which has undergone clar cation inthe

filtrati osp@6ifiaapayat Yhelpres cbad 1av@4dn AEMid &P tife af&i)f)&gf.?g g

di ssolution tower 10. The ultrafiltration apparatus 1Z is of so-ca

vertical stepatiihero@ypéngThe kil Ulaa®i1daRaldnSagparatds! $€fuai
stainless-made wire netting | eaves 16, serving as strainer, and a ?l??rate

col .a®ti om stbeid€r therkdavassbliutidn! kontididiatise € | £64+&ed tbEndd bei ng
connected so as to secure a filtration path. Therefore, the spent solution
fed to théldatomaceouva eppahafusmla pardi cadints ininhdg WSS WEidhe 10 [eaves
16 and passes through the interior thereof, and is gathered in the filtrate
col | ecti ofhendinafteTheefekredt tonaappprat-uwoal3 bt ) nadndles pi pes
connected to the pre-coat bath 14 and the activated carbon pretreatnent
bath 15, RRessunhsihggashuvnéacesofhitble issrprimdarect aPreddeetwives 16. 15
Firstly, a pre-coat . layer 19 was formed. D atomaceous earth (product name:
Celite, prbeRevrei Hehhhexmhyi fleppsiwhiddh tiomacmidwad dartiln dupehe Cel , was
used as a filtration aid 23. A variety of diatonmaceous earth products (e.

g, R3di ol fuefagenpfkheoptpainprt ) Dyinjnge depod itslarhe tlid tsakutobomi d 23.

20 O thgfe, di at onraceous earth which is called Hyflo Super Cel
eaves diatomaceous earth on the strainer; passes through the

surface of the strainer; flows into a solution-collection

tube; and is Qischarged through a solution discharge tube.

In general, an ultrafiltration apparatus includes a plurality
20 qf strainers therein, and a solution flowing into the

apparatus is filtered through a pPlurality of strainers.

No particular limitation is imposed on the composition

of the solution containing diatomaceous earth for forming a

pre-coat layer, and the solution to be used méy be selected
25 from a copper electrolyte to be filtered,va diluted solution

thereof, and water, on the basis of advantage in process

control.
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was used in the present enbodinment. Fig. 5 shows the particle size
distribution of Hyflo Super Cel. Hyflo Super Cel consists of diatonmaceous
earth having a particle size of 3-40 I~m in which di atomaceous earth
having a particle size 25 of 3-15 !gym and di at omaceous earth having a
particle size of 16-40 fpmare mxed in a ratio of about 7:3. .In the

ultrafiltrationygp, [ﬁ,_téﬂéé%gig;l Bge(ﬁggggqtﬁ% oefflbs%driatrﬁagél?se@.éaeb oating was

carried out throug I 'ow ng procedure.” Firstly, P was
Vel ve Vi PrE EEN RO APpAPaLhE, " BEMARRY pRT VAR AbRrads 5 15, and
was 1111 od W nE® SOiE Pret SoRs  TEYBEC 0 SEhidRe) coSThECRaBR 1 i,
Chr ough t A rmes O RE G, EonEREaPog SRRh Bk b pfRo R b TR,
di sper ded T Tre annab e pPury sFRBpLaF, 1B BRrterase B i chus i 551 o

Super Cel g j i reli irrli arat,us 20
pr gvi ded Vﬁﬂ‘#%ﬁ%i&%ﬁiﬁgf %ﬂkﬁr?ggﬂsgh. @%éhsgl g’%iedﬁﬁg% \%I%g’c?ﬁ tfe Hyflo

Super 15 @QJrmad £isPAL ! t u re- bath 14, the
val ve V4, trfe feed purrpélggn}tl\ﬁinggligghézﬁgyhgegi ?’?’rtg'?lgg%daﬁ%%?’tgf’us 13, the.

| eaves 16, (Hedefdd et i be t % ) ively,
to ther eby( deposi t theerl-iﬁ%/ﬁgsﬁpg!rg %ng 3%?%"?%%&? é%}a‘ g’fr\éf i’tftéér%&%?%'th of

tSe Ieave%om%ﬁﬁbﬁﬂﬁjff&ﬁﬂirﬁhﬁﬁecoﬁ@@inig&ﬁ%y;gzﬁiu%qgwn(h@rﬁkga er

pecific gravity: 0.2 g/cnB, thickness: ter tormation of the

pre-comt lrayirfd peded o 4é 0edatBECkALESn BPedtkbYREs C%‘E@“‘)Qfet reat ment
solution containing the aforenenti oned powdery acti vat e& carbon is 25

ci rcul at edhirvugigut checdpeaed edcgeibr) ehet ES%E\WBBWQ@E? detilgenal ve V6,
the feed punp P, the valve V2, the filtration apparatus 13, the |eaves 16,
the filtraeebol axfiears ttbecadvivaled SafbbAChY2iNG Y7 em8UECRASY BN (O
thereby trap the powdery activated carbon. In this case, the circulating
sol uti on isd zeh ey \pnpe sad| with htheghf oréhens poheat gpaRa1Rer hiceRvatelor med
froma transparent naterial and provided in the 5 vicinity of the valve V7,
t o t her ebypardanf.y whet her or not the powdery activated carbon penetrates
and | eaks through the pre-coat |layer, the filter cloth, and the | eaves.
When the powderSimictaw stedther dbatdbmakeothr oaghharynthiniage solh@ion
circulating dilute copper sulfate solution is observed as a 10 bl ack turbid
sol uti on. fOF FEEHidwh@e nre feoatiutayen, i mo| pakhjeudart hémacakiahedscar bon,
turbidity of the solution decreases. The solution is circulated until it is
observed d¥PR5@% 0 Hhe emresbriorgf vhehsetutieuhesmvingr epr asent ati on
of a crossl5 section of the pre-coat |layer 19 and the powdery activated
carbon | af€Fiyated ArdhPmP IR SEFe drenboselupionhoandi bhei golutipn tbe
filtration aid 23 (adi at omaceous earth) is deposited onto the surface the
strai ner ?’\ﬁi PESRMRYIFe 15PiertedyE ¥R 8 t PRPPRE- ebactraj¥te190 be

Subs entfl.é,t througdnh circulation of 20 the activated carbon pretreatnment
sol uti'on, TA3EEASHH i Filpteq Holurken kRRY§ofict 294t watesr bon phej basis
deposi tedognta%tvtah%asurf.ace of the or e-coat |layer 19, to thereby formthe
powdery activated carbor IRFRATEDD: CIMERet at PFLaftEr PRVt REELBAtER

circul ati f .t activated carbon pretreatnment sglution, as 25 shown in
Fig. 4(a) ?Qé’gr?é‘ %%et'%erepaom%/ sa‘gf‘f R PhRenusadnefet 1ar8s28hEBEgh

parti ¢l es g8 i on! A UAN Ak Seodlithd ST S s ERUCYST  3M e the

-electrolyte by a component of the solution during filtration
25 by passing a copper electrolyte through strainers after
formation of powdery activated carbon thereon and does not

affect a further electrodeposition step.
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repeatedly, as shown in Fig. 4(b), the anbunt of the powdery activated
carbon 24 deposited onto the particles gradually increases, and the anpunt
of the activated carbon 24 which | eaks out gradually decreases. As a
result, the powdery 5 activated carbon layer 22 is fornmed. After no | eakage
of the powdery activated carbon 24 was confirnmed, the spent solution (i.e.,

o ton appAd et Ay ey |00 std (B¢ Mavdh Fodned ST 1

val ve V2, the.filtrati . ratus 13, the | eaves 16;, the coll ection tube

17, and t R r\eléa{'ln\?é: aY ,omg%cl%gegszid\?ieaf%quatcc?(‘t%e eoal.ﬁqﬁ EHViNg @%by carry out

filtratio f ol_utd ) t oml etio f,.predeterm ned f.iltration

t hi our eadggg'r}:prtgggg%pra:)iéiu%q’sd ?cnod‘ee(’)at%egrr%eﬁeté"&r%ﬁx}ﬁ%s Ws&%(ﬁict s‘rhl%s icdht ai ned
osited i,n.the, form.,of cake. VWen the

i h | f i d .
IpII:] etssﬁrg()%?tf%g‘dio%%ofﬁeh gagcpt;a)i:avreatseaofcaﬁr B 1RGSR L L LR S o a

d i I I i i . hi f eedi
o edet 51 MG Gl ] Yoo MGG S S nd T g 00
ont e VR At R T LY QIS LS N g o

appar at us rough a rinsing water he“va

ihsed of Sy e et AR Sk foad n Rl MRS o e B
cecond entofaa 4, ARidty ARG e Ufldn 2 LT hodfs
the powdery 5 activated carbon layer 1s about 6-1T mm 1In this case, when

the flow palshedf dldUPRAe P AdatSAldildORdd 1% aidthdH ALl eddH the

filtration) is 500 liters/mnute, the time during which the solution
penet r at ex1itia At it Gt HoweltY! 45-d & iciD ilde
el ectrodeposited copper foil (nom nal thickness: 18 produced through the

af or ement ixepRab EdiCatfe hdtwoesl e e sagdl G ahd pid codl Maydr tHFsi | €
strength of 78 kgf/mm, a Vickers hardness (Hv) of 185, and a surface

roughness gxfdauaifly (hlRirdegy ith tgeavdbao ddt ivra tedlecadbdi), ivi t1pteHd brought
into contact Wth the rotatai ng cathode drum during el ectrolysis. According
“to thesfi lxersatlitorthato desckadps o eovderyt e fivatde dndh 3o rdk erdusigient s, a
| ong contact tine can be attained. Since a thin, powdery activated carbon

| ayer is 20 thorfiwther tdom Eiriuows suirdfcada tdfors |lesfkage oo i guwadry nt er f ace
area of each activated carbon particle is effectively utilized when a
copper suldchtigrag®d tdanbans sranmhtandtthe moladtion thagdes axleatt ok yar bon

| ayer. Therefore, even when the copper sulfate solution is subjected to one
course 2528 this ;shaasy, tranRing-ofecowiera aatddatied cantamekh i the he
solution are effectively adsorbed onto the activated carbon and renoved: 35
Thi our ea, BR&\AQRF dR¥aF dRlitmpleted ampdownyimiBigoldttlon, enabl es
control of surface snoothness of el ectrodeposited copper foil.

Conveffi onal | y, ItHdie tREDIARE 1avenidriy td RL Wiy sof fkaxers ek rol yte and

el ectrodepqsjited 5 copper. foil is c{)roduced, surface snoot hness of the
resul tant ¥ ich pre-coat layers and powdery activated carbon layers are

alternately stacked can be formed by alternately repeating
formation of a pre-coat layer and trapping of powdery
activated carbon. éuch a mﬁlti-layer structure enables to
25 elevate filtration efficiency of thiourea-decomposed
products; readily elevate the amount of trapped activated

carbon; and finely control solution purification performance.
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copper foil is inpaired with passage of tine, although the copper foi
exhibits excellent surface smpothness imediately after production thereof.
However, according to the filtration process of the enbodi ments,

t hi our ea- deconposed 10 products can be satisfactorily renoved through
filtration, and el ectrodeposited copper foil exhibiting surface snoot hness

i iSti ' I d d. 15 Effect f
The 1 nventros AeTeetiey . ¢i% SRR AR AP MRt SodneoE, LEgprrasenti on.
' - |.ned | | f at ti to
whi ch i aarere 364 B KRR AERla Lt o s ORBS ChEXPER: Pe¥nbPet on of
d It I d | ted copper, foil exhibitin pecific
char act er PareEnigsd 18, SScB B E 0 ' She oREShr Ak Lhlouren B9 B2

Somvent ! 3l 1T BERYT UL B oo L RUORcpRLL AU operati on

36 Cl ai nms el ec eposition ﬁ%h ri _

per { o ng oS EPORRTPREANI, W Bd Hordalf W], Sinllef BireReceZe. m

o otuce el eerradRposreed Bhsio ot aie THAGs oo Kb CreRekpnchranthe -

2 Cpont 16 SaRut shicKASRORATHE MR el hd RBRERPH AR 1 & copper

2201 S8cssiEhod 0ol OB L U AR S ARG AELT, 00 B LChe o
,ssal ution; paBeagRObR! tBPpaY Ui el 0 the high-copper
’ 10 As recited in claim 6, the powdery activated carbon
layer to be formed in the method for filtering a copper
electrolyte according to the present invention oreferably has
a thickness of 5-20 mm. When the thickness is less than 5 mm,
removal of electrolysis‘by-products and stained matter of
15 small particle size tends to be attained insufficiently,
whereas when the thickness is in excess of 20 mm, filtration
efficiency; i.e., ease of passage of copper electrolyte,
decreases, thereby cause a disadvantageous cost problem.
Through the aforementioned method for filtering a
20 copper electrolyte according to the present invention, when
electrodeposition is performed by use of thiourea as an
additive for controlling physical properties of deposited‘
copper, thiourea-decomposed products can be effectively
removed and a clean copper electrolyte can be regenerated.
25' Thus, according to the present invention, deposited copper

products exhibiting specific physical properties can be

produced continuously, even when thiourea alone is used
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15 concentration copper sulfate solution, to thereby prepare a

conposi tion-adjusted copper sulfate solution; and feeding the

conposi tion-adjusted copper sulfate solution to the el ectrodeposition cell,
to thereby serve as an el ectrolyte again; 20 wherein, in an upstream
position in relation to the copper dissolution tower where the spent

sol ution R4 iPBIMERIGH 9§b&é88 F |gfm@?§p glectrodep03|t|on has

been conpl eted serves as a sulfuric aer a |ssoIV|ng copper,

Spent. ol Ut | on e S o + 80T EEPRAT; 85, 8, oRBRG, el gL o
lit / I t ed b
in o7 o aee e 00 bo0 foed o2 RoR) L; FafeachiBesRax Rl KRG Bpde "

reci ed | aolvtsBal i dldy 6. 0 8UbBERTELLVALER G0 ARSI Cle

size of 8 nesh to 50 nesh. 5 3. An el ectrodeposition”appar £t 0

path foOr qiddrdniin i &%é“ﬁ¥%¥a§£*£§% HIH@#??%HEEETF' th gelng provi ded for

perform ng electrolyzing inan eléc o epo
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produce el eetrodeposited copper foi ng, conp tlon of

el ectr odepeeiduictn. 2 ISRAINLSE) Uéfoﬁ‘;)agb§fi‘ér 68EnhiquLkNeat! BE! LALIRGR i On

cell to a copper dissolution tower to thereby serve as a su aC|d

sol ution fer tiies Yoy Tk P RREEhGAY pf‘@Paéﬁaﬁpi'é9haCQB?EEr1§uEQQ@ém ration
copper sulfate solution; incorporating an additive in he hi gh-copper

concent r algiodf td P &fo sitl et Q)@@déliiroﬂctiGaEQSrSQi‘bBﬁeﬁﬂEeb@en added in
chnp05|t|on adj ust ed copper sulfate solution= and feeding t

conpast t i advadjoes tied FE@PEItls pFééSure to a pipe for circulating.spent
| ‘ solution. Aiternatively, a body-feed bath to which powdery
activated carbon is added with stirring is attached to a pipe
extending from an electrodeposition cell to an
ultrafiltration apparatus, to thereby mingle powdery
15 aetivated carbon with spent solution. By use of the
aforementioned electrodeposition apparatus, thiourea
remaining in'an electrolyte at a concentration of 6 ppm or
‘less can be removed effectively. Even when the thiourea
concentration is in excess of 6 ppm, complete removal thereof
20 can be attained by prolonging circulation time; by means of
increasing the number of strainers in a larger filtration
‘apparatus, or by means of providing an additional filtration
step in a path of the electrodeposition apparatus according
to the present invention.
25 Through the aforementioned electrodeposition method,
electrodeposited copper foil exhibiting the following

characteristics, which has never been obtained through
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20 solution to the el ectrodeposition cell, to thereby serve as an v

el ectrol yte again; wherein, in an upstreamposition relative to the copper
diissolution tower where the spent solution fed fromthe el ectrodeposition
cell- in which el ectrodepositon has been 25 conpl eted serves as a sulfuric
acid solution for dissolving copper, there is provided a filtration neans
conprising an ultrafiltration apparatus including therein a strainer on 38
whi ch is fGPR¥entiomad, FethRd aFem % RFPINced, of 13 1&TISh shad &md Powdery
activated carhon. 4. An el ectrodeposition apparatus for use in_ continuous
product i on S3R & &ot FHgESodis BFVISsE Rqtradepasdtiad #anPed ML, wherein
the filtration |layer fornmed gon the strainer is _produced by formng in
advance a QP&AIRSA |through, sdeckinadveis 1o% & iy oures-@ KRB SHer; 2 ,
placing the strainer .in,the ultrafiltrati on apparatus; 10 introducing into
the ul t raf EERSDFUApFdCR uSha Rt anigaddit SRiRiteme gt dh ng powdery
activated carhon ,and circulat%&*the solution in.the apparatus, to thereby

trap powdedPsdativaitey &% mersured df deihpwithaut Rurface dfea Rt and

fix the powdery activated carbon in the pre-coat 15 layer. 5. An
el ectrodep&ﬁtion apparatus for use in continuous production of

el ectrodeposi ted copper foil~ras,rgcited in clJaim3 or 4, wherein the
powdery acti vat e%']cqz‘f't?or‘?lipaé)ag{)% ther & romingl Shigkneas %éoé nésh: 20 6.

%’:eﬁ't _?SLLESEP?Z;& é&&-@?-?@ﬁ%&ﬁié«?%}q?@%éa?“%i%!%ie"%“é%i%ﬁ{ 05,
erein the powder cliv carpon is for on .t re-cogt er ing a
e e o
any onjteé of cl aﬁﬁ%%'o&'&%(&%?ﬂ t "e‘pf?l’f‘?%ﬂ%ﬁp@y"kness of 35 kP8
more, and by assuming a low-profile surface having an average
surface roughness (Ra) of 0.1-0.3 Hm.
The high-resistivity copper foil can be produced with
controlling resistivity on a large scale on the basis of
15 realization of continuous and constant electrolysis by ﬁse of
a thiourea-containing copper electrolyte. The résistivity
valueé listed above are as measured in accordance with a
method defined in IPC standards TM-650 2.5.14, which is a
method generally employed for measuring resistivity of copper
20 foil for producing printed wiring boards.
Resistivity of copper foil for producing printed
wiring boards is measﬁred in accordance with IPC standards
MF-150F 3.8.1.2. Rated values are 0.181 {.g/m® for a
nominal thickness of 3 UM; 0.171 Q-g/m2 for a nominal
25 thickqess of 9 H; 0.166 Q-g/m2 for a nominal thickness of 18
M; and 0.162 Q-g/m2 for a nominal thickness of 35 H or more.

When compared with these values rated in IPC standards MF-
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10/ 10/x<§%§@£¢f&ééyﬁ¥? uégy+£g%%0%§;(géﬁ% %%%%ég-foil, to thereby
effect mounting. When the tensile strength of the
5 electrodeposited copper foil is low, an inner lead portion
formed of copper foil extends due to bonding pressure, to
disadvantageously deform the shape of IC devices, whereas
when the tensile strength is high, such drawbacks can be
.W) ' overcome and high bonding pressure can be applied, to thereby
| 10 enhance reliability of connection between an IC device and an
inner lead.
The electrodeposited copper foil according to the
present invention has a very smooth surface having a surface
roughness (Rz) of 0.3-2.0 Um. Such copper foil is
15 categorized as very low-profile copper foil and has
‘characteristics suitable for forming fine-pitch circuits.
The characteristics are provided by copper-clad laminate
produced from low-profile copper foil. The present invention
wiil next bewdescribed in more detail with reference to the

20 following embodiments for carrying out the invention.

Best Mode for Carrying Out the Invention
Embodiments of the present invention will next be
described. The embodiments will be'described by taking, as
25 an example, production of electrodeposited copper foil
through a process in which a copper sulfate electrolyte is

used, a solution of thiourea (20 g/l) is added to the

25
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electrolyte is controlled such that the concentration falls
withig a range of 3.5-5.5 ppm.
First embodiment: Electrodepos;ged copper foil 2 having é
5 resistance as high as 0.170-0.185 51-g/m2 {for a nominal

thickness of 18 M) is produced by use of an electrodeposition
apparatus 1 shown in Fig. 2. A rotataing cathode drum 4 and
anodes 5 are provided in an electrodeposition cell 3 shown in

) Fig. 2, and a composition-adjusted copper sulfate solution

| 10 containing thiourea is supplied to a space between the

rotataing cathode drum 4 and the anodes 5 at a rate of 300
liters per minute. During supply of the solution, a copper
component is electrodeposited on the surface of the rotataing
cathode drum 4 through electrolysis, and the thus-produced

15 electrodeposited copper foil 2 having a predetermined
thickness is taken up. After completion of electrolysis, the
resultant copper sulfate solution in which the concentration
of copper is low (i.e.; spent solution) overflows the
electrodeposition cell 3.

20 . The spent solution which has overflowed the
electrodeposition cell 3 is fed to a circulation-filtration
apparatus 6 for subjecting thiourea-decomposed products to
circulation;filtration to thereby remove the products.
Strictly Speaking, the circulation-filtration apparatus 6

25 includes three baths.

The spent solution which has overflowed the

electrodeposition cell 3 is fed to a circuration-filtration

26
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' 10%] of &'\lee /\}_H‘JOKQhQNQQ%\meder%Ol%e( )o'flq;ﬁ)ree circuration-

filtration apparatuses 6a, 6b, and 6c is about 10,000 liters,
and the circﬁration-filtration apparatuses 6a, 6b, and 6c¢ are
5 equipped with activated carbon columns 7a, 7b, and 7c,

respectively. Therefore, the circuration-filtration
apparatuses 6a, 6b, and 6c are equipped with feeding bypass
paths 8;, 8,, and 8,, respectively, for feeding the solution
to the activated carbon columns 7a, 7b, and 7c¢. The

10 circuration-filtration apparatuses 6a, 6b, and 6c are also
equipped with discharge bypass paths 9.: 9, and 9.,
respectively, for discharging from the activated carbon
columns 7a, 7b, and 7c the solution which has undergone
filtrétion. The respective activated carbon columns 7a, 7b,

15 and 7c¢ are filled with powdery activated 6arbon (500 kg)
having a particle size of 8-50 mesh. The copper sulfate
solution is fed to the activated carbon columns 7a, 7b, and
7c at a flow rate of 300 liters per minute.

The circuration-filtration apparatus 6a was used for 30

20 minutes as a reservoir tank for receiving the spent solution
which had overflowed the electrodeposition cell 3. While the
copper sulfaté solution was received by the circuration-
filtration apparatus 6a, filtration of the solution was
initiated by use of the activated carbon column 7a.

25 The circuration-filtration apparatus 6b was filled with
the overflowed spent solution, and the solution was subjected

to circulation-filtration for 30 minutes by use of the
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the valves V,; and V,, were closed.
In the circuration-filtration apparatus 6c,
circulation-filtration of the solution was completed. The
5 solution which had undergone treatment with activated carbon
was fed to a copper dissolution tower 10 by closing the valve
Vo1 and opening the valve V_,,. The solution was fed at a rate
of 500 liters per minute.
F) When the circuration-filtration apparatus 6c is

10 evacuated, feeding of the spent solution to the circuration-
filtration apparatus 6a is stopped by closing the valve Vi
and the solution is fed to the circuration-filtration
apparatus 6c¢ by opening the valve V.- In the circuration-
filtration apparatus 6a, the solution is subjected to

15 circulation-filtration for 30 minutes by use of the activated
carbon column 7a. Feeding of the spent solution which has
undergone filtration from the circuration-filtration
apparatus 6b to the copper dissolution tower 10 is initiated.
Thus, the functions of the respective circuration-filtration

20 apparatuses 6a, 6b, and 6c are exchanged.

The spent solution which has undergone filtration is
fed from any of the circuration-filtration apparatuses 6a, 6b,
and 6c to the copper dissolution tower 10 via the
~corresponding one of the valves V,,, V,,, and Veoe Special-

25 grade copper wire serving as a dissolution source was placed
in the copper dissolﬁtion tower 10, and the spent solution

was showered onto the copper wire while air was blown through
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high copper concentration.
The copper sulfate solution of high copper
5 concentration was fed to a composition adjustment éank 11,
fresh thiourea was added to the adjustment tank 11, and the
concentration of the thiourea in the solution was adjusted to

3.5-5.5 ppm, to thereby obtain a cbmposition-adjusted copper

sulfate solution. The composition-adjusted copper sulfate

—

10 solution was introduced into the electrodeposition cell 3, to
thereby carry out continuous production of the
electrodeposited copper foil 2.

The concéntration of thiourea was obtained through
high-performance solution chromatography analysis. The

15 analysis was carried out under the following conditions:
column: #3020 (4.6 mm (inner diameter) X 500 mm) (product of
Hitachi Ltd.), mobile phase: 10 mM urea solution, flow rate:
'l ml/min., sample injection amount: 20 Hl1, detector: SPD-
10AVP (product of Shimadzu Corporation) at UV 237 nm and 0.02

20 aufs, column oven temperature: 40°C. Through the analysis, a
copper electrolyte component and thiourea were separated from
each other, and the concentration of thiourea was measured on

. the basis of a previously prepared calibration curve. In the
below-described embodiment, the éoncentration of thiourea is

25 measured in a manner similar to that described above.

The electrodeposited copper foil (nominal thickness: 18

H) produced through the aforementioned process has a
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roughness (Ra) of 0.02 Hm on the deposition side which is not
brought into contact with the rotataing cathode drum during

5 electrolysis.
Second embodiment: The procedure of the second embodiment is
the same as that of the first embodiment, except for the

process for the filtration of thiourea-decomposed products.

. Therefore, only the filtration process for thiourea-

10 decomposed products will next be described, and repeated
description will be omitted. To the extent possible, the
second embodiment will be described by use of the same
reference numerals as used in the first émbodiment.
Electrodeposited copper foil 2 having a resistance as high as

15 0.170-0.185 Q-g/m2 (in the case of a nominal thickness of 18

H) was produced by use of an electrodeposition apparatus 1

shown in Fig. 3.
Fig. 6 is an enlarged schematic representation showing
only an ultrafiltration apparatus according to the second
20 embodiment. The ultrafiltration apparatus 12 includes a
filtration apparatus 13, a pre-coat bath 14, an activated
carbon pretreatment bath 15, and a feed puﬁp P, which
components are connected to one another via pipes. Valves
(V1 to V10) are appropriately provided in the pipes. A spent
25 .solution (i.e., the target for filtration) is introduced into
the filtration apparatus 13‘through an inlet A, and a spent

‘solution which has undergone clarification in the filtration

30



I'S/1090& ()- |+ 940908 () -#z#10%0& () -Y!'S 10%0& ()-3"19%0& ()- .

1098 () - 3LL/ MaMVMWEb@! 10%0& ()-810%0% ()-4 710%0& ()-3510%0& ()- &3

"10%0% () - 3F1" 10%0% () - SMVWIMVNG, OnGhC

137 110%& ()-310%¢& ()- @10%& ()-3!10%& ()- 100 100 .

100<10%0& () - wOO PcPPPP} A ?bC 109%& () - @;LO%&' ()- 3 S109%& () -

@!109%& ()-!y 10%{& ()-!\y' 109 51 5& ()-P'Q QQQLORRa@C

) $10%~&' ( l-'!%/%?ifd%sé@? (38 fedothgopph ansouid@t( B to a copper

#'109%& ()-) 3"10%& () - R$SaSSSSSSSaVK@ 105 105_105<10%5& ()-910%& ()-

7110968 ()HIEPRLMBhRR (Sewer X800y 5y5& () - STTUVW WAXOVK@

##10% & ()-&10% & ()-s!x_, . .

&10% L& ()-s! &1th% Yitcakibtragion aproxates L2 War ol varzaatied 1098 () -

10t 10t 10t< 0@6&3(£-!'S'10@Mm&f()-8!,'S'lq%&'()-sl$

's' 1008 (VeEEARA) WitSekidtey tyPerogThe- fijtratdug @ppand{uDos () -

!fI(lO%&fé%; $10%D&f()-!$10@ma&f()-\]]"____T_XYNCS I 10 10 10ySf

10%&f(§_! 'c%ﬂﬁ%§Q§Yain;Qﬁg.qu@y&;g?-?Séﬁégg leaves 16, serving as

o 0R -CITE 109K - ' " be :

LE 104%&égrainer. and é)fiItraEe collection tube 17, the leaves 16
and the filtrate collection tube 17 being connected so as to
secure a filtration path. Therefore, the spent solution fed

m to the filtration apparatus 13 penetrates the surfaces of the

10 leaves 16 and passes through the interior thereof, and is
gathered in the filtrate collection tube 17. The filtratién
apparatus 13 also includes pipes connected to the pre-coat
bath 14 and the activated carbon pPretreatment bath 15, and a
washing shower 18 which is provided above the leaves 16.

15 Firstly, a pre-coat layer 19 was formed. Diatomaceous
earth (product name: Celite, prodﬁct of Johns Manville),

- which is called Hyflo Super Cel, was used as a filtration aid
23. A variety of diatomaceous earth products (e.g, Radiolite,
Zemlite, or Dikalite) may be used as the filtration aid 23.

20 Of these, diatomaceous earth which is called Hyflo Super Cel
was used in the present embodiment. Fig; 5 shows the
particle size distribution of Hyflo Super Cel. Hyflo Super
Cel consists of diatomaceous earth having a particle size of
3-40 Hm, in which diatomaceous earth having a particle size

25 of 3-15 Um and diatomaceous earth having‘a particle size of

16-40 Hm are mixed in a ratio of about 7:3.

In the ultrafiltration apparatus 12 of the second
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5 13, and the valve V3, successively, into the pre-coat bath 14.
The pre-coat bath 14 was filled with the spent solution
(10,000 liters). Subsequently, Hyflo Super Cel (100 kg) was
added to the pre-coat bath 14, and was circulated through the

pre-coat bath 14, the valve V4, the feed pump P, the valve V2,

-

10 the filtration apparatus 13, and the valve V3, successively,
and then dispersed in the copper sulfate electrolyte. 1In
order to disperse the Hyflo Super Cel in the solution.rapidly

and reliably, a stirring apparatus 20 provided with the pre-
coat bath 14 is used. The solution in which the Hyflo Super

15 Cél was dispersed was circulated through the pre-coat bath 14,
the valve V4, the feed pump P, the valve V2, the filtration
apparatus 13, the leaves 16, the filtrate collection tube 17,
.and the valve V5, succéssively, to thereby deposit the Hyflo
Super Cel onto the surface of filter cloth of the leaves 16

20 and form the pre-coat layer 19 as shown in Fig. 4 (specific
gravity: 0.2 g/cm®, thickness: 5 mm).

After formation of the pre-coat layer of predetermined
thickness, an activated carbon pretreatment solution
containing the aforementioned powdery activated carbon is

25 circulated through the activated carbon pretreatment bath 15,
the valve V6, the feed pump P, the valve V2, the filtration

apparatus 13, the leaves 16, the filtrate collection tube 17,
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5 vicinity of the valve V7, to thereby verify whether'or not

the powdery activated carbon penetrates and leaks through the
pre-coat layer, the filter cloth, and the leaves. When the
powdery activated carbon leaks through any of these, the
c¢irculating dilute copper sulfate solution is observed as a

10 Dblack turbid solution. 1In accordance with reduction in
leakage of the activated carbon, turbidity of the solution
decreases. The solution is circulated until it is observed
as a clear blue solution.

Fig. 4 shows a schematic representation of a cross-

15 section of the pre-coat layer 19 and the powdery activated
carbon layer 22 produced as described above. As shown in Fig.
4(a), the filtration aid 23 (diatomaceous earth) is deposited
onto the surface the strainer (wire net) 16, to thereby form
the pre-coat layer 19. Subsequently, through circulation of

20 the activated carbon pretreatment solution, as shown in Fig.
4(b), the powdery activated carbon 24 is deposited onto the
sﬁrface of the pre-coat layer 19, to thereby form the powdery
activated carbon layer 22. Immediately after initiation of
circulation of the activated carbon pretreatment solution, as

25 shown in Fig. 4(a), some of the powdery activated carbon 24
penetrates through particles of the filtration aid 23, and

leaks out. However, after the solution is ecirculated
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5 activated carbon layer 22 is formed. '
After no leakage of the powdery activated carbon 24 was
confirmed, the spent solution (i.e., the target for
filtration) was introduced from the inlet A of the filtratiom
apparatus 13, through the valve V1, the feed pump P, the
10 valve V2, the filtration apparatus 13, the leaves 16, the
collection tube 17, and the vélve V8, successively, to the
outlet B, to thereby carry out filtration of the solution.
After completion of predetermined filtration, thiourea-
decomposed products and other electrolysis by-products
15 contained in the copper‘sulfaté solution are deposited in the .
form of cake{ When the pressure for feeding of the copper
sulfate solution is elevated to a predetermined control value,
the cake is discharged. 1In this éase, feeding of the spent
solution (i.e., target for filtration) is stopped, and de-
20 ionized water, serving as finsing water, is introduced into
the filtration apparatus 13, through a rinsing water inlet C,
the valve V9, and the shower 18, successively, to thereby
carry out discharge of the cake. The cake rinsed off by the
water is discharged through the valve V10 and a drain outlet
25 D.
Example data in relation to filtration efficiency in

the second embodiment will next be described. 1In the case in
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h& () - !86§}98@%(>_§$@@ig§%£?_is 200 kg, the thickness of the powdery
5 activated carbon layer is about 6-11 mm. In this case, when
the flow rate of the copper sulfate solution (i.e., the
target for filtration) is 500 liters/minute, the time during
~ which the solﬁtion penetrates the activated carboﬁ layer is
N about 45-80 seconds.
’ i0 The electrodeposited copper foil (hominal thickness: 18
M) produced through the #forementioned process has a
resistance as high as 0.176 Q‘-g/m’, a tensile strength of 78
kgf/mm’, a Vickers hardness (Hv) of 185, and a surface
roughness (Ra) of 0.02 Um on the deposition side which is not
15 brought into contact with the rotataing cathode drum during
electrolysisf
According to the filtration process described in the
” first and second embodiments, a long contact time can be
= attained. Since a thin, powdery activated carbon layer is
20 formed on the entire surface of a leaf, the contact interface
area of each activated carbon particle is effectively
utilized when a copper Sulfgte solution is brought into
contact with the activated carbon layer. Therefore, even
when the copper sulfate solution is subjected to one course
25 of filtration, thiourea-decomposed products contained in the

» solution.are effectively adsorbed onto the activated carbon

and removed.
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h&f()')[Aei§§¥@%@€posited copper foil. Conventionally, when thiourea
isladded to a copper sulfate electrolyte and electrodeposited

5 copper foil is produced, surface smoothness of the resultant
copper foil is impaired with passage of time, although the
copéer foil exhibits excellent surface smoothness immediately
after production thereof. However,‘according to the
filtratioh process of the embodiments, thiourea-decomposed

10 products can be satisfactorily removed through filtration,
‘and electrodeposited copper foil exhibiting surface
smoothness and specific characteristics can be continuously

produced.

15 | Effects of the Invention
As described above, according to the present invention,
thiourea-decompésed products contained in a copper sulfate
solution to which thiourea has been added can be easily
removed after completion of electrodeposition, and

20 electrodeposited copper foil exhibiting specific

characte:istics such copper foil cannot be mass-produced

conventionally—can be continuously produced through

continuous operation.
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5 electrolyzing in an electrodeposition cell a
composition-adjusted, thiourea-added copper sulfate solution,
to thereby produce electrodeposited copper foil;
feeding, after completion of electrodeposition, a low-
- copper-concentration copper sulfate solution, i.e. a spent
) 10 solution, discharged from the electrodeposition cell to a
copper dissolution tower, to thereby serve as a sulfuric acid
solution for dissolving copper and prepare a high-copper-
concentration copper sulfate solution;
incorporating an additive into the high-copper-

15 concentration copper sulfate solution, to thereby prepare a

composition-adjusted copper sulfate solution; and‘

feeding the composition-adjusted copper sulfate
.solution to the electrodeposition cell, to théreby serve as
an electrolyte again;

20 wherein, in an upstream position in relation to the
copper dissolution tower where the spent solution fed from
the electrodeposition cell in which electrodeposition has
been completed serves as a sulfuric acid solution for
dissolving copper, there is pro#ided a circulation-filtration

25 apparatus which enables the spent solution to undergo
circulation-filtration treatment at 200-500 liters/minute for

30 minutes or longer by use of granular activated carbon in
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1, wherein the granular activated carbon has a particle size
of 8 mesh to 50 mesh.

5 3. An electrodeposition apparatus comprising a path
for circulating a copper sulfate éolution, the path being
provided for performing

electrolyzing in an electrodeposition cell a
composition-adjusted, thiourea-added copper sulfate solution,
10 to thereby produce electrodeposited»copper,foil;
feeding, after completion of electrodeposition, a spent
solution discharged from the electrodeposition cell to a
copper dissolutioﬁ tower, to thereby serve as a sulfuric acid
solution for dissolving copper and prepare a high-copper-
15 concentration copper gulfate solution;
incorporating an additive into the high-copper-
concentration copper sulfate solution, to thereby prepare a
cbmposition-adjusted copper sulfate'solution; and
. feeding the composition-adjusted copper sulfaté
20 solution to the electrodeposition cell, to thereby serve as
an electrolyte again:; |
wherein, in an upstream position relative to the copper
dissolution tower where the spent solution fed from the
electrodeposition cell in which e1éctrodepo§iton has been
25 completed serves as a sulfuric acid solution for dissolving
copper, there is provided a filtration means comprising an

ultrafiltration apparatus including therein a strainer on
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4. An electrodeposition apparatus for use in

continuous production of electrodeposited copper foil as
5 recited in claim 3, wherein the filtration layer formed on -
the strainer is produced by

forming in advance a pre-coat layer comprising a
filtration aid in the strainer;

placing the strainer in the ultrafiltration apparatus;

10 introducing into the ultrafiltration apparatus.a pre-
treatment solution containing powdery activated carbon and
circulating the solution in the apparatus, to thereby trap
powdery activated carbon in a surface layer of the pre-coat
layer and fix the powdery activated carbon in the pre-coét

15 layer.

5. An electrodeposition apparatus for use in
continuous production of electrodeposited copper foil as
recitedliﬁACIaim 3 or 4, wherein the powdery activated carbon
has a particle size of 50 mesh to 250 mesh.

- 20 5. An electrodéposition apparatus for use in
| continuous production of electrodeposited copper foil as
described in any one of claims 3 to 5, wherein the powdery
activated carbon is foimed on the pre-éoaﬁ layer in a coating
thickness of 5-20 mm.
25 7. An electfodeposition apparatus for use in

continuous production of electrodeposited copper foil as

described in any one of claims 3 to 6, wherein the filtration
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electrolysis of a thiourea-added copper sulfate solution by
use of an electrodeposition apparatus as recited in any one
of claims 1 to 7, characterized by exhibiting a high
resistivity, as measured in the foil without surface
) 10 treatment, of |
0.190-0.210 ﬂ-g/m2 for a nominal thickness of 3 M;
0.180-0.195 Q-g/m® for a nominal thickness of 9 H;
0.170-0.185 {-g/m’ for a nominal thickness of 18 H; and
0.170-0.180 Q-.g/m*® for a nominal thickness of 35 M or
15 more, and by assuming a low-profile surface having an average

surface roughness (Ra) of 0.1-0.3 Mm.
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