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(57) Abstract: Provided is copper foil having low roughness and excellent adhesive strength. The provided copper foil is a copper 
foil having an uneven portion formed on at least one surface thereof and a fine particle layer formed on the surface thereof, wherein 
the number of upper fine particles located above a mean line according to the mean height of the surface is greater than the number 
of lower fine particles located below' the mean line.

(57) -S-SfA): - 7 ^^^Ajs. 1^3474-4=74 -4-i4=«I >^ol 711441^174. 7114451 snt^, §1011= §414 01 2.^611 7 ^>g 
5121,ai&2i i’Hi<gA4<oi 7 4 ^^,os.Ai,a.^oi ^^^oibn >1-4 71 7 =, - 444,111711417474 >§-4 71 
°}afl«'l1 flAi§}fe 134-451711 “J 7 - ^^.
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’3 -Ml ^
^"^-sl ig^b ^«1, «1» i^sl-fe ^71^> 55 ^;^1

[1] ^ ii;^^ ^^, ^yK itl-^fe ^7K> ^ ^^1’^11 ^-^ ^^s, ai^ 
^M^M^ ^£71- 7:7V;b<l',_ ^!"! <!--'.7-'l- -?-^-tt ^y}^l ^-^ <!ol^-. 

1^11 ^ 71 ^
[2] ^7]- ^'^ oil 7^ 7]-g-£]^ 2£^1L "11?'-/H iirinlcd circuit board)-®- 7)^^^ -^e) 

^5.(clo±), HSfl^IH^l, -n-Sl^-^ V^5. ?; ”11 -’ll','")J ^7], <^1^71 ^;^] ^^ 
'g^^l-^® ^71> t^^Al^lZL, ^M ^7)> tiV^5]-Al^ ;’:?1.'’:?|.'-;/^^1^31, 
'" vi'" cLi”! $3^ ^^ %i="aoil ^y^i- 7^^7i^ 7)12:^14. B-&, 14^ i^s 
Ufl41?!;-4 -^-^^7)^^(copper-clad laminate)-^ ‘^?I4 5)5.# 4 4 ^’'| 7) 414" 
711 s> 44^1-:a,i51S412i> «1|711S. ^4-^ 4^711 <4144 4^44 
41^4 4.

[3] ^4^41714 <414 a^ %1=^41 ^yl-> 4^714 4 4 5^>4 A4014-4 1451- 

44-><^l ^^-^}71 ^0} 44411414 ^4-01 451441214414 4514'4 
^l^'^l 44^4 ^7K 4 014. 447-1,4441 45142)1214 44 44 44 

^47^4 4'^14 4 4 44 715171-4^3 4 4.
[4] 444 U11444 444 71-g-£14 444 44'^1 47114 451'^'71-> 

¥47144 4'^1 44 444 47^444 ^471471- §5^431 44-. 
44 4^151 ¥4 ¥4 4-4 ^ W ¥^3 4¥ 4 44,^44 4 4 ¥44 
-S-^^^ol 71;;c]l^^l ill 0)1 4¥44 44 ?? ''-(anchoring effect)# 41 ¥4^11 
4 4 4, ¥44- 4 41 ¥-714 4 47^0) ^>^-^4.

[5] 4¥4¥ ¥4¥ 4 44# 4 44¥ 471-44 4 4 44#4,3i71¥4-4 
44#¥ 4.44,¥4¥ 4444 444#'^1 44¥¥# 444 ¥4401 
44. 7114 ¥44 ^¥-4 ¥¥4-hi, 444 44 47j4¥ 4^4 ^¥-h 
31£44 4, 4 4 4 71 4¥># 44 4 «5§¥ 4¥ ¥¥4 4# 4 4 ^4 7} 
¥44 4 4 44.

[6] 7^-5]^^^ r^uh^ ¥4715171-¥444, ¥44 ¥4^¥¥ ¥4437, 
¥44 71711 ¥-714-4 ¥47^4 4^44 4 4 414 5.4 4 4 4 4 7j4 444 ¥ 
4 4. 4 474 4 4 7j¥ 37 514 4 ¥4 4 554.5'2-7- ^^^^xi4 4-7^^ 
W714 ¥ 4¥ 7144 4 4 711401 0.7^44. 

4:^4 ¥Mt!:^^

[7] ¥ 44¥7^714 4¥ ¥4^¥ 511 ;t¥71 4-544 OJA^ ^2^^71,4 44 4 

44¥, ^#71- 4¥471£ 4 4-74:£71- ¥¥4 ¥4¥ 41 ¥44 44.

441 ¥4
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[8] 4^^ ^^^ ^^j^}71 ^^ ^’t^^ ^ <^<^1 11'1-'r ’;-'’l''f’-. ^!«I-V 
^W^l ^^<>11 -S-^oj ^^jr-137, i^ofl np^l^^^ol ^^^^ ^yfAS.A-1, 
S^^ ^^^OH n^e /' ,' 'IJ'' ^xl#fe ^T-^^l^FJ^M ^if^ <^H'^1 

< r ^f^pi^ii^xl-iirl-
[9] '^^^Ml‘y4^ ^ ^ ^1-4^1 ^flw^^l-^ -"--■'1 tiK-ar 80:20 Ml^l 100:0'^ ^

[10] ^J-^^]^^]3^^1-^ ^^^^ ^^^ ^^J-<>1 ^^^^^ ^^^^ ^ ^M.
[11] ^l^’H'^^H ^^-^ l ifl^l 3/zm21 ^c]-.
[12] ^l^’H'y^]-^ ^5](Cu), ^(Fe), >5]MiSCMo) ^ S^:e(Co) ^ 2]o]c ^14^ 

^^e aw^ ^^*94 5"2] ’̂3^}‘^J
[13] -^^^^ <[5] 74c ^ 128 4^1 1.33 kgf/cni‘11 ^ $121, K^^:£Rz-12 5.2 4^1 6.5 

Azin'll 4^ $1 An], .;;?,'L.l.'l Rmaxlr 6.5 4^1 7.7 Azin'll 4- ^c]-.
[14] ^^’^Sl ^^^^<^1 tt|-^^,^*a^j 7]/ll;^ ^$i^j 7]/llS] <as^o11

1 ^oM^ 4^^ ^^;< aw$r ^71^^01 ^11 <4^14.
[15] ^^^2] ^14^^1^011 rc|. 5 1^, >^>7]Sl-^-Sr^^^S^«}^ ^^17]-

[16] ^^^2] nET4^<nqo]] 14514, x-]o]£^]-q-o^ si^oj] O_^oj ^Aj^ syl^ 

eal#^ ^;^; ^ •■11 " ' M-^ ^H^x^X ^>9#5I,K^S] 
5^5^016(1 ' ■ -4 - ,b Z 0^^1-541^ >8-^nHl<gz}7} ^71 5g5^ ol-eflofl 
^x]^}-^ ^]-4u141o]7]-M2]- 2’1-4 n3141o]7]-^> ^^j^}^ T44;> SW!^ 
^^2] S^^H]«j-^o] X]l^^i4.

[17] ni>q]<a7]-^i; ^^j^>^ ^^1^, ^^^7 M4^51; W; ^ ^(Fe), 
^e1«^(Mo) ^ 2il-H(Co)> aWlr ^^;^ SWlr K^^]5]^J]ol] 
^^]^}ai ^^^M -S.^'^l ihJiLillMl ^1^-11$]7]-^^ 44-1'4 -7-4’4'-].

[18] ^2] ^^^ 10 4 4 30g'|l 4- $121, ^5]21412] <4-4-4-().> 4 4 log'll 4- 
$1^0], 211-^2] 4]-^^ 1 pl 15g'|l p $lp. 441'47]-p> ^^^^}7] 4IP 
^^H^^7j 0. 20 tfl7] 60 A/dmMT-l 144 5 ip'll P4< P $1^.

[19] P 11^41 1144- ppp ii71-pipA-];£ ^p/jc/l-pp-pp. ppA4 
p412]P71P^7j-^ ^-^ ofliUjo] MPPP^IH ^^T-74H7} pp^fl 4-4 
pp2] pp7jo] 4=^4 34 0] -^yi^ o|-]4 4 4]> 4]^A1 -44 4' '4 4 0] ^pv£|^ 
K^PI- $14.

[20] ilPPP^P P41714141 it]-> pulp .;44I4 cp^ ipoip.
[21] i2Pil417-] nl41<4P>41^]4ipH]-o] pigp;EAl^cigo]i4-.
[22] i3PiP117-l PPSPP ppp ip^^igolp
[23] 1144; P441 141A-] S417-]e]^ ppo] s^o^j tfl-^ ppp7]-p4^(scanning 
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electron microscopy, SEM) *1^1^1 *1^.
[24] £5^ ^^1'41 2^1 ^^1-5] M<^ tfl^SEM <^lnl-^lol^.
[25] '2 6 5 ^^1<^1 3^1 ^^^ K^ofl tfl '^SEM <^1^1^1<^]^.
[26] H7^ 5^A1 o]] 4^ ^^o] ^^oH c]]^ SEM oj^l^l olr^.
[27] H 8^ ti]57o]] 1^ ^y^-^l K^<^11 tfl^SEM '>1^1^1 <>1t4.
[28] '.-9 2- yliioil 2^ ^^S] S^ofl tfltbSEM <^1^1 ^I^l^.
[29] H 10^ 13131011 3^ ^5M S^^l tfl'&SEM o]nl^lo]n]-. 

^1^ 21 ^ Al > ^ ^ ^ ^ oj ^ ^

[30] ^^1^21 ^^-^ 011 rils:^^^, 2161 :£ ^14 o| ^^011 _g_^oj ^Zj £137, 
K^<^1 I’b-fl^Al^o] ^A^^ ^^ASAl, 5|^^o]o]i ii|-s sj-^^ ^d] 
^^1^}^ ^^-V-i’p-fl^Al-zl- s|^5l <^H^1 ^^1^}^ #J^^Jl^]l'^A]-iii4 ^14. 
<^21 ^A1> o^^^Hfl

[31] oi^oi|A-i^i3}t^-^4^^«i|i>6(i I4> ^^,^^< iW^ ^714^^ 

44, 4 444 K444444 444 4^ 4M4 4444.
[32] H 14 4 444 444'^14 44 44-4 444 444 44421,4 24 4 

144 44471-> 444^4-4 S44 444 4444,4 34 4 144 
^4^a44 44-> 444 4444. 4 4444 4-4 44-4 444 2^44 
44421,^44 44471-^4 444 ^42-^4,a44 2j^^o]o]i ir|-^ 
444 44 4444 4-4-47]14471-444 444 4444 
444 7]! 4 71-44- 4-4.

[33] ^^1^4 4-€-^4’arS^4-S-^4'^444 X14-.^4< Ails4^^^’gr 
444^s 44474 4-^4-71-4> 4^44 47M 711^4 444 ^44 
7-14 44 -2 114.2_ 4444. 41447^4 44 41^4 444 47^4 44 
444 ^4714K4S£S 4-44. 4, 27- 2'.j'’l 44 444 4 444 
aW2i, 4-4 4524 44 444 44 -^-44 44-44.

[34] 444-3-4-4 44-44 44-4 4-0-011 44 451 447-14474^ 4S344 
^14 ^^^4 4314 47j4 44 44. 4> 44,EPCBoH 71-44^ 4 4 
444714 4444711s 71-44^ 44,444 04 4-44 447j^ 
4471 444 444 ^4715144 ss# 44 4 421,44 44S4 
44 4 71-4 44^ 4-71471 4 44 4 4 4 71514 4 444,4444# 
4-71471 44 47c17]51,224 7HM444 44444711> 444 
a47^5is4444 7j-§]-Ai4^ s47]5171-4«34 4 44.

[35] 4 4, 4 44 44 rt-_ ^^^ ^4 0] ^4-7^-1-^0171 4 4 7-15- i4^£> 

^471 44^4715171-445154, .271-2,5.25- 44 524 4444 7^44 
544 K44 4711471-44 47j4 4 44.

[36] s 14 4S44, #4(100)4 #44(110)4 a4 4 -0-4(120)4 4 7j4 4 
421, -0-4(120)4# 4 414 7X131)71- 4 414 71-^(130)# 4^^44. H2# 441 
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^S^l'd, ^^(210)31 ^^(220)51 5§^^olofl nj-e 5iO^(m)> 71^^S ^}<^ 
^1^1‘y^e ^^< $M. ^, ^O^(m) ^<M1 ^^1^}fe nlxfl<gzl-> 
^T-¥^l>Ml'a^}5} ^1-31, ^M(m) oH'^l -?| <’o-l ',> nix-fl<g4> ^v^l>Ml’a45}

[37] ^ ^’^<^11 ^1-^ ^y4-(ioo)^ '^¥^l^-fl‘y^}7i- ^i-4^ui/]i<y^]-MT^ ^T^. 
^i-^^l'Ml’a;<}^ a-^(i20)s] <:t¥^-'^l ^^l#3i, ^v^Ml’a^^ a-^(i20)s] 
^¥^'=^1 ^^1#^ ^Ml’y4'=>l^. ^ ^^^ ^^(ioo)21- [!o| -^V^Ml^y^^} 
^br^l^l'^^l-tiq- ^7]i4 S}Y^b'fl$];<}7} ^^r ^4-, -0-^(120)31 ^V^'^l 
^l^fl’y^}?} 217114 ^711 71'1. 142}7-1, ^^(120)31 ^4-^^ MI^^^^I 41^j£]j7, 

^^^'^l fe<^l-^^. yjeltt lO^^H^ '^K ^’H ^^(100)<51 ^^1^ 0^4 
^^^}^ 44,444 <444 4444 444711 44 4444 W44-.

[38] 4-44 444^51-44 44 44^4^51-44^ 444-0-4444 44 
444 ^44 i44 44 44 41^44 44444- 711444 444> 
44444 444. 7144,4 444 44 ^44 4444 444 4444 
-0-431 44 4 4431 44 4711471-1- 4 47344 4.444 473431, n 
4-^sfe 471147l-> 4444 4^44 444 4471- 44 k4-> 41^44 
44 4473^ W444 444.

[39] 4> 4444 44(210)3] 3344(m)44-44 4711471-7144431, 
444-4:44 4711471-71- 4711 41444 444 441-1: #444 44 
4-44 44. 4> >4, 73-44 7114 4-4 4 4 444 7114 71-4 44 4 44 
80:20 4 4 100:04 4 44.

[40] a4, 4444# 444444 444,73-44711471-^^44^ 444 
4 73-4 4-44 4 4 73 4 4 44. £34 4-^44, -0-4(320)4 3/4'1 
73-4-4711474331,332,333)71-44431 444 4>4 444(P1,P2,P3)> 
444 ^444(340)4 4-4444.

[41] 4711471-4 444 1 44 3/zm4 4 44. 4711471-4 444 44 444, 
-0-44 ^4-^^^ 41-44 4-14711471-4 4<4 ^44 4 431, 
4711471-4 444 4134,471144 ^^0] a41 44 14'4 a4^£> 
14 4 4 31s 4 4 73 0]] <514711 44.

[42] 4 7114 71-114(Cu), 4(Fe), ^4m^(Mo) 4 s4-S(Co) 14 41444 
144114471- 1441471-4 1 44.

[43] 144 44 73-11 1.28 4 4 1.33 kgf/cml 1 %[31,1411 Rzl 5.2 4 4 6.5 
//ml 1 414,1411 Rmaxl 6.5 4 4 7.7 /zm4 1 44.1 44 4 41 
141 -0-4114 4734 4711471-71-4114 4144 4444 14m 
4147-1 £ 44 73-17]-^0} 44-Ajo]] 4444.

[44] 1444 41144 414,447^ 7411; 4 444 717114 4 144 
144 14;11441 471110] 711oj^4. 47111011 1141144 

141 4444 4734 51111414.
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L45J ^IriK^ ^714#^S^ <411- >o1,TAB ^I^IM, .’H'’-\HPC'B). 

'l^^S^Hum WPQ Flexible PCB) ^om ^ha] oj^s t!;^£|Al ^A^I, 

^^^^^ ^^^j 717^0^1 4^A1^ Al-g-^^ ^ASA^ 'Jl 71^^O>o117-^

[46] ^^’^^ iFT^^ <’1'^11 a|^^, ^^^ ^^^7 Stl^lfe 1^171-7]l^-^c]-. 
1^1-^ 1^10] ^7^^171 Tils A] 7 7 7- 51-^14 Mi^FA] O1>S tt^^^l^l ^1-^ 
A] Al <41 Al-^J^^ iq-e -A . < ■ a1-4< ^ ^iq-. A 7 7 Z 
^^t4 1A1- lAlSAl- 1A1> S^7 M^^M, liKol^lAl, x4»xi]n] ^71, 
S1#^71^71 ^ ^W]-^ ^^^S. ' ■ • r. lAlSAi ^oM71^^6><41Ai ' 

$2^ ^Ajel-^ 71-^^M.
[47] ^^^3^ ai4€-^^<Ml tt|-e^,^olH^}i4o^ S^<41 .8.^0] ^Aj^:^^^ 

1^14^ ^^1; ^ ^^o] ^Aj;g ^^oH H|A)|7; A|-7.7 ^Aja}2^,^^oj 

ig5^0141 n}^ 3X01 11 1111 >8-Yl'Ml’aA}71- AO 3X0^ <5H<41 
H^M ^1-7-1 Afl^A]-sl- m 111aO> ^Aj^o 11;> 1111

[48] ^ m 1-^ ^11 K11H1'41AO, ^K mi; 11; 1 l(Fe), 

>1 M^KMo) 1 S^S(Co)> SW^ ^^i: SW^ ilAHH 
11^1-31 11#! sig<41 s^o] ^Aj^ sylg gcgs 11<41 17]l<g7O^

[49] ilA15]<l<41 A g 1011 30g^S ^1 Ml^ 0.5 11 lOg^^, S^S^ 1 

11 i5gjisam.aiA-iill ai'iai-^i tWi la 101 

111-1-1 ^^^1 lA^H ^‘=»} AO17]11A1- 1 ^^lll<aA}l ti]^ 

2^01 1131, S^l 1-1=1 1¥ aal 17]l<g7]-71-11 [Jo] ^701 
K^2H7} ^<51-1 <4117^117-1 <1§^

[50] 17]] l^oa ^Aj^i-71 0] msS^AO 20 11 60 A/dm2<41Al 1 11 5

[51] ^m i-^^i-aa7i-i^aai7iii 4^ 11-. <4i>>m 1 

11-lA^ 11, aails 11,11 Kl 11 ^ 1>-11 ai 1>1 

ai^^ > 1 Is, 11 al m 11117011 iAjc4] 141.111

[52] 11 1 11-10 700 1> >1 11,11,11,31, Hal 1 Sis 

ai 11 ^ 13 11 31 111 HI Hl^ 31 17] 31,111 

31<41 11 1111’41 1117^1aSl 111 ^ 11. Hig<4]A-^i 11 

311 11111.11 111 1» 11 171 117-] q;_-'_A|o4 

ISlSg-g, 111111 117]1> 131 17]-11 H.

[53] 3311 a 7]ISO 67]-71]! 3701 111 aimm 1111. 

33113 A] 11111 117] 1 o]is 71-1111, 111111 11 

a] 13 5311. 1311131 0.1 11 70 g/L, pH 1 11 13, 113 15 H 60 
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°C, 0. 5 A/dm^ ^sfl 0.1 Ml^l 100 ^^ ^^i^jUi ^^l^ 
5101 131-^^#rq-. ' ' q-H^ rflAiq ' ■ ' ^^^< 

'^l-g-^M «S^^ -r-'.- $M. a^,asi^iqs qq^ q-q qq q-q ^q^l-^ 
qoi «}^3j^}57,01011 ojq qq^ ^ q-aq^ %iq-qq $M.

[54] ^^?1<^ qqoii Ai-g-q^qqq<qqsq^, onoq
3-^qqq-qis< Bq^H-i^q^^, 
2-(3,4-oii^qAi^ssnq)oii<HqT4Kq^?  ̂^q q^q ^^q ^^, 
3-ol-q . , -'Cv-C sq dll^q ^^, N-2-(o}nl i^q ^)-3-o}nl h^iS^ 
sqnH^qqq, N-2-(o}niton^)-3-o}ui al^s^pHH qq<qqS4 ^q 

qqix^ ^^q ^^, qy^qq^q qq, qwqwsqq^qqq, 
qqMq^i(2-qq-q'4iq-q)qq ^q ^qq ^^q ^^, 3-oi-3qq-q ^sq 
seHiq-qqq ^q oi-3_q q^xj AU-1-. 3.n)iEi-a’a^Ai2s^ 

Hqqqqqq^q qqaq ?i^q qq,3-qq-sssqBqqqqqq 
^q qqs q^q qq ^q q-g-qq. q>^ qq^is q-g-^^^ qji, 
qq7fl> ^qqq qwqq.

[55] qqq q<qqq #^q -g-qq o.i qq i5g/Lq 'u'-C'-^ -g-qqq HA 
qq 7o°cq ^sqq ^^q-q £sqqq, qq-qq <q-qqq. q> qq 
q§qqq q-q^q-Mq qq qq qqq qqqq-qqqqq-Tisq 
qq-> qqqq. qqq<q qq ^q^ 7i-q,qqq^qqq qqq 
qqq ^W qqttq. /l-q^ 100 qq 200°cq -^tqq 2 qq 60 ^ 
q^qqq. ^1-qq 2^}^200 qq 400nm, 200 qq 2500mj/cm^q qqqq 
q avE qqq<q qq^^qq qqqq qqq qq qqqq^i, 
01011 ^sfl qq^ q qqqq 3:q#^q ^^q-q-q qq-q^ 2iq wqq q

[56]
[57] qqqqqqqqqoq ^qqq qqq-qq qqqq,^qq^i 01011 

qqqq qqq-qq.
[58] (^qq q^)
[59] qqq qq ^q-q qisqyl qq 20L/min^s q^71-qqSL^qq qq^ 

qr^qq qqqqji qq^q^q q^q45°cs q^^qq qqq^q. q^qq 
qq 71- 5mm'^Eli, 3717]- 10 X 10cm-q DSE(Dimentionally Stable Electrode) 
qq-^qqq^qq, qqq q=qqqqqaq ^ qq> 7i-q qqq ^q< 
qqq^q.

[60] Cu2+o]qq o]:^^ qqqq #71 qqq qqqaq 35A/dm2a aqq 
qqq^aq, 18/zin qqq qq-q /ilaqqq.

[61]
[62] *qqqqqq 7iq3qqqqqqq:
[63] CuS04-5H20: 250~400g/L
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L64J H2SO4: 80- 150g/L
[65] 5^Sl^^^<^ ^410]^ ^ 7^7} ^71-2^ $ic]-.
[66]
[67] (^^1'411)
[68] >ils^a ^yf’^H 'I -- ■'!- ^^^ 72^^«F^^ '^l-g-’S]-*] <i-u'/!',: 35 A/dmM^I 1 

Ml^l 5^^?} ^^H^M ^l'Ml’a;<}^i7 ^^j^l-^i^-. ^^Hl Hl ^^H 
^1 ^1'w^l'^*l ^^j^ ■^'^■^ S.^®11 tfl^ ^^y^^l-^'^l^(scanning electron 
microscopy, SEM) "^l ^1^1 7]- 53 4'41 ''-1'^^''-1'aI^.

[69] CuS04-5H20: 85 g/L
[70] H2SO4: 125 g/L
[71] Fe:19g/L
[72] Mo:l.lg/L
[73] Co:8g/L
[74]
[75] (^^HU)
[76] <>1^H Ml-g-< ^<17K4 '' ;; H A|o|| 13).:^^^P7]1 J^OT-^ sigoj] <U;1|'/ ,<4- 

^«3^]-o] nl/]ioi7]-^^ ^x^^].^r]-. nl^l<a71-^01 ^Aj^ ^mo] si^o]] tfl-^ 

SEM olnl717> £ 5^1 14^14$1’^.
[77] CuS04-5H20: 85 g/L
[78] H2SO4: 125 g/L
[79] Fe:25g/L
[80] Mo: 1.1 g/L
[81] Co:8g/L
[82]
[83] C^T-Hl 3)
[84] ^V^H Ml-g-> >ll^-51-JLfe^A]<41 121--^<g^]-711 -^^^ s^<41 ^’511:£i?-> 

^«3#^ ^PH-^^l-^^ ^^^^]-^c]-. nl/]l<^71-^ol ^^j^^^S] ^1^011 141^ 
SEM 0101717)- £ 6011 i4E]-i4^cl-.

[85] CuS04-5H20: 85 g/L
[86] H2SO4: 125 g/L
[87] Fe:19g/L
[88] Mo:0.7g/L
[89] Co:8g/L
[90]
[91] (^a1<^14)
[92]
[93] *o]^}5] Ml-g-^ 7]15]#j7i^^71oll 12}.:^O^^}7|] ^01-^ K^oH djip-yy- 

=r®3^M ^bll'^^^1-^> ^^4^1-S^. ^PH'y^l-^ol ^y^^ LL/O/l tfl-^ 

8



8

wo 2015/102323 PCT/KR2014/012942

SEM 01^1^171- £ 7^>11
[94] CuSO4-5H2O: 85 g/L
[95] H SO : 125 g/L
[96] Fe:19g/L
[97] Mo:l.lg/L
[98] Co: 10 g/L
[99]
[100] (H]31o]l 1)
[101] <>1^H M1-§-< -V-I”! '' ’? H^P4| l^l-^^^l-Tll ^wT-^ ;::L;L>I ^«flH^< 

^«3^]-o] nl/]ioi^]-^^ ^X^^].^r]-. nl^l<a^}^ol ^Aj^ ^uT-o] si^o]] tfl-^ 
SEM opq <L/| H gen] i4E].i4ojtq..

[102] CuSO4-5H2O: 70 g/L
[103] H2SO4: 165 g/L
[104] Mo:0.57g/L
[105] W:10g/L
[106]
[107] (tilH<^12)
[108] <>1^H Ml-^^ /]1S]^]-51^^A]O]1 13|.:^^^1.7]] ^M]-^ K^oll <L;H'7,^-7 

^e3§]-o] n]/]lol^]-^> ^x^§]-^r]-. vl^l<y^}^o1 ^Aj^ ^y]-^ jp/loH rH ol 

SEM 01^1^171- H 9^1
[109] CuS04-5H20: 70 g/L
[110] H2SO4: 165 g/L
[111] Mn:lg/L
[112]
[113] (til3L'413)
[114] <>1-5-H Ml-g-> >ll^-^Jife^^]<^l M^^a^Wl ^^^ K^ofl ^-gi]«^ 

^«3#^ ^17]l'^;^]-^> ^^^#^C]-. vl^l$];<]-^ol ^^j^ ^tiM ^1^011 141^ 

SEM Olnl^l7)- £ 10'4) M-L]-M-$M.
[115] CuS04-5H20: 70 g/L
[116] H2SO4: 165 g/L
[117] Ga:lg/L
[118]
[119] ^710]] 1 1]]^1 ^A]o]l 4^ tilso]) 1 ifl^] ti]Z7 0]l 3^ ^y]-o]]A-] S^7-]5]^ 1^^ 

_::?;’ .7'7(R/. Rmax) ^ a}5)^T-£S ^^^M S 1'4) ^#M)$iT4. L?;’ L'7 Rz ^ 
Rmax4r JISB 0601-1994 4?7] 0]] 14 5]- -7 7 b| 4 ,’. ^H17j-£^ 7L7_ <I|'< ,') 
^e,] s 4ZLC4) ^til^ A]^^ lOXlOOmm a^o]^^ ¥^^}31 21O°C'4)A'] 30^^ 
1^ ‘"hW7]-^^ '^A]^H ^Sl^J-H <7^ A] >g^ ^til^o^, ^ti]^ A]^^ 
U.T.M^ti)<41 ^^ 50mm^ ^M <7^^]-^t4. jp/I .A'7L- ^J;o] ^^^^
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[120] Kl 
[Table 1]

Rz(/zm) Rmax(/zin) 44 7j-S(kgf/cm)

4441 5.06 6.24 1.31

4442 5.43 7.37 1.30

4443 5.92 7.27 1.35

44 ^1 4 5.60 7.36 1.32

4^4 1 5.20 7.95 1.16

tilt4 2 5.66 9.25 1.15

til 514 3 4.62 7.58 1.10

[121] './4 111 <1 -l^- <^'^11 n|^ ^^1 '^1 1 ^^1 ^^1 <^14^ ^^^^
K^olnl^lo]c]-. c 4^ ^Ss}^, nlx-]l<y>;}71-1^^?^!^^ -S-^^ <1:4^®fl 
«^$1^ ^K 2i-<y^v ^ ojd-. £ 51)1x1 tvs £ 14 Tr44211 ^14'^^471- 

^^S^4 -a-< 444'^1 S444 ^^1441,444'414 44444 4 ^4 
^444 44 44 44.

[122] 0]^ ti]t4*] 4H<il i 4^1 ti]4z4 3 4 4 4 4 K^4 4 4^ 18 4 4 s 
10444 444471--S-^4 444444 4444s 4314 44431 44^ 
4 4 44. 4^41 44 4^434 44444 44471-71- 444 S4 ^^1> 
431 44 4 4 4.

[123] ^444 4^44 4 1 44 444 44 ^4 44444 S44 454 44 
444s4-4-44471-71-4444'^71-^4 4 44 ^711431,4444'^71-71- 
44 ^71144 444 #>444 44-44 44-4- 71-^7j0] ^0} 447^0] 

^-s 4444.
[124] 44 44, S 147-1 ‘4 4 44,444 14 444 S4SS4 44114 14 

S4SSS4 4-714,44 7j-s^4 ^6} 0]^ 47^4 7-1 7144 44 4 
44444 44 44 4444 447^4 - 4 4 44.44, ^44 
S4SSS 4-4 4 44 s4ss> 44 44 4 14 ^44 4B17j-S7} 
4Ho]l 1^4 4 444 ^144 44 4 4 4 14 4 7-11'^71-4 4 4 7]- 4^4 4 
444 44s 444 4 44. 44 <^1 244 44 4 44 ^4s S4SS44 
4 44 4^4 4^4 14 4 4^4 34 S4SS4S4 47-14 -n-71-44 
44 <43; ? 44 1.30 kgf/cm 4 4SS tilt 4 144 til 1434 44 7j-SM4 
44 44 444 31 44.

[125] 447-1,^4-4 4 44 47^1 1 414 44 4 44 4 444 71-4-44,4714 
4#444- 44 41^41^7] 4^444 447^*^1 44 4^47-] ■444'^1 
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^51 ^<ol ^01-^1 TI^, ^I^^cyj- ^O} ofl^l^ol V--V-cilol 
ni/^i2]S5W^^j£ 71-^^1-&| ^W^sl^joj ^^MtH €14.

[126] ^^^^^i-^’?t^7i^Efl ^ ^V^ H^ 011 ^«11 ^^^51^^01 oyqe]-, 
^^€ JI '.'!?p>i /’loll onv|o|rt|-'..1 oion 
71711^ ^ ^^^ /'■,<;<! Ann ^olM-71 211/'.'!-?! Ml oil A] ^“^c^-^^Ml^

[127]
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[^¥«J1] ^OlHal-14^ also]] _O ^o] -1 71 '4,1. ^71 Sis'Ll 
^l^FJ^l-^'^l ^^j^ ^^^5.^4 aids] ^S^ojo]] rq-s 3g^4 
^41 ^^1^1-4 >^^^Hl<g^>71-4-71 / ’I o}eflofl ^4^1-4
^l-¥4-^-ll'y42i’4 ^^ ^^.

[^<^^^1- 2]
4-71 4W4^r«^7]-4 4 4 4-71 ^nHioj^i-^ 4^ .,. ,^ 

80:20 4 100:04 ^^.
[^<^^^1-31 ^5^«J-14 444,

4M 4^4711471-4 444> 444 44-4 4-4-44 ^^.
[%’^^U] 444-14 4474

4-71 4711471-4 47^^ 1 44 3/zm4 ^4-.
[^<^^^1-5] 7^14 4-14 4 4 74

4-71 4 711471-4 44(Cu), 4(Fe), >44-4(Mo) 4 s4-4(Co) 4
4 4 4 44-4 ^^> i4-44 4-4-4 71-4 44.

[^7-^J-6] 7^-44-14 447-1,
44 7j-H71-1.28 4 4 1.33 kg^cm?l ^4.

[^<^^^1-7] 4-4414 447-1, 
.7771.7'7 Rz4 5.2 44 6.5 /zm4 ^4.

17’ i 7’ S| 444-14 447-1,
.:77l .7.'7 Rmax4 6.5 4 4 7.7 /zm4 ^4.

| 7’ i'7’ 9| 444 714;4
471 447j 7144 4 a44 444 471 4-44 i 44 4-44 8
4 4 44 44- 44;4 i444 <

[^<^^^1 10] 4-71 4-44 1 4 4 4-44 8 4 4 7-- 4 44 4> 444 
a444 44.

[^T^^Jni 44^ 444 a44 -S-44 444 444 4444 44; 4 
471 .^44 444 444 4711471-44 44'44,444 
44^44 44 444 44 44444-44711471-71-4-4 
444 444 4444 4Y4711<y7}M4- 444- 4711471-44 
4 4 44 44;!- ^444 444 444 4 44.

[^5^«J- 12] 7^1-4 4 114 4 4 74
471 471147}^^ 4444 444,
471 444 44-44; 44; 4 4(Fe), 44M4(Mo) 4 
s44(Co)> 4444 44;4 4444 44714 4 4 4 71471 
44144 471 ^44 47^4 44^1 4711471-44 47j44 
4414 44-4 ^4 714 44.
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|/’|'-;! 13J ^5^«J- I2<^l $1‘^>M,
^1-71 ^^] ^^’gr 10 11- <1 30g'y ^^^1 M^Sl«j-’^.

E^c^^^l- 14] ^5^«J-12011 ^‘H>M,
^M ^BlM^^ W^ 0.5 Ml^l lOgy ^^^ S^^-1B1«J^.

[^7-«J 15] ^7-^ 12011 ^<^A-1,
^M S^SS] ^^^ 1 Ml^l I5g21 ^^s] S^^-lBl^oi-’^.

[%1^%H6] %15^«J-12011 ^l^HA-i,
^M /' 4 ;; 20 Ml^l 60 A/dm^T-i 1 Ml^l 5 ^^9> "r®!^^ ^ ?1
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