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Lit +e=Li

Kt +e=K

Na  +e = Na

Mg+++2c= g

AT 436 = Al

zn ** 1 2e = zn

cettt v =Cr

Fett + 2 = Fe

Cr+++ +e=Cr++

cd*t +2¢=cd

Tittt pe=Titt

PbSO 4 + 2 = Pb +SO 4~

vItt Leo vt
Ni % 4 2¢ = Ni
sntt 2 =8
Pb** +2¢ = Pb

+
2H © + 2 = H,y

++++ ++

Sn + 2¢ = Sn

++

Cu +e=Cu’

AgCl +e = Ag + Cl
D Hg ,Cl, +e = Hgll (N, Jo IS 55,530

2

Cutt 42 =u

Fe(CN) ¢~ +e¢ = Fe(CN) o
cut re=cu

0O, +2H Y+ 2e = H,0,

6)&.']

(Redox) S35, sla fmily

e’ volt

-3.045
-2.925
-2.714
-237
-1.66
-0.763
-0.74
- 0.440
-0.41
-0.403
hes - 0.37
-0.356
- 0.255
-0.250
-0.136
-0.126
- 0.00
0.15
0.153
0.2223
0.2802
0.337
0.36
0.521
0.682
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Hg ,'" + 2e=21lg

Ag 't + e=2Hg

2Hg ** + 2e= Hg,”"

MnO ,+ 4H* ¥ 2e= Mn"" +2H,0
Cr,0,=+14H" +6e=2Cr"""+17TH,0
Cl, + 2e = 2C1

Au?’" + 3e = Au

Mno , +8H" +3e= Mn*" + 4H,0
Co**** o= Co**

Ant + e = Au

MnO , + 411" + 3e= MnO ,+ 2H,0
11,0,+211* + 2e=2H ,0

Fu +2e = 2F

Fe''™ +e= et

Hg ,** + 2e = 2 Hg

Ag " +e= Ag

AINO ,+ 4H* +20= N,0, + 2H,0
Rh**% + 3e = Rh

Cu't +1 +e=Cul

2Mg YT+ 2e= Hg,"

NO, +3H* +2e= HNO , + 1 ,0
NO, + 4H"* +4e= NO +2H,0
Pu® +e= Pu'

Br,(L)+ 2e = 28r

Cu™" +2CN + e= Cu(CN),

!
10, +6H" +5Se= —1,+3H,0

e® volt

0.6996
0.771
0.789
0.7991
0.920
1.23
1.33
1.3595
1.50
1.51
1.61
1.68
1.695
1.77
2.65
0.771
0.789
0.7991
0.80
hes 0.8
0.86
0.920
0.94
0.36
0.97
1.0652
1.12
1.195
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O, +44 7 +de = 2H ,0

MnO 2 + 4H + e
nirEy +
Cr20] = + 14H +

C|2+zc=2C1‘

=Ma "7 4 2H ,0

6e = 2Cr **t LM 50

PbO , +d4H * +2¢ =P "% +2H ,0
Au ++*+3c=An
MnO A_+8H++Se=Mn ++*4H20

+

BrO 3_+6H + Se

H 410 + HY 4 2
+ + + + (-]

Ce + e = Ce

HCIO +H++c=l2

At e = A

MuO ‘_
H202+2H++2:
Co * ¥ % 4+ ¢ = Co
$,0g = +2¢ = 280
Fp v 2 = 2F °

+

1
=5 Bry +3H ,0

=103-+3H20

4+

+ 3¢ = MnO 2+2H20

=2H ,0

++

4 =

Fy + 21 + 2e = 2HF(aq)

SO 4 = +H,0 + 2

2B Gl o 5o S

= SO ; = +20il

250 3= +3H 2O+4e =5203 = +60H

S+ 2 =8
O, +H,0+ 2 =

NO ;7 +H,0 +2

HO ,  + 0N ~

= NO ,  + 20l

S“O()=+2¢:=25204 =

037 + 3 50 + 6
02¢2H20+4c=

MO, = +2H ,0 +

= [T+ 60M
40H

2 = MnO , + 40H

BrO 4 + 3l ,0 +6e = Br ~ + 60H

2NH 20“ + 2 =N

H02_+H20+Zc

o H 4 + 20H

= 30H

LS)K-.'i

e®volt

1.229
1.28
125
1.33
1.3595
1.465.
1.50
1.51
1.52
1.6
1.61
[.63
hes1.68
1.695
1.77
1.82
2.01
2.65
3.06

0.93
0.58
0.48
0.076
0.01
0.08
0.26
0.101
0.60
0.61
0.70
0.88
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ecq = -0.403 % log 10 = -0.491V

enz = 0+ 0.06 log 103 = -0.18V
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Magnesium -1.73
Zinc -1.10
7072, Alclad3003, Alcelad 6061, Alclad 7075 -(0.96
520-T4 -0.92
5056, 7079-T6,5456, 5083, 514.0, 518.0 -0.87
5154, 5254, 5454 -0.86
50352, 5652, 5086, 1099 -0.85
3004. 1185, 1060, 1260, 5050 -0.84
] 100. 3003, 6053, 6061-T6, 6062-T6, 6063, 6363.

Alclad 2014, Alclad 2024 -0.83
413, cadmium -0.82
7075-T6, 356.0-T6. 360.0 -0.81
2024-T8&1, 6061-T4, 6062-T4 -0.80
355.0-T6 " -0.79
2014-T6. 850.0-TS -().78
308.0 -0.77
380.0F, 319.0F -0.75
296.0-T6 -0.72
2014-T4,2017-T4, 2024-T3 and T4 -0.68 10 -0.7¢
Mild steel -0.58
Lead -0.55
Tin -0.49
Copper -0.20
Bismuth -0.18
Stainless steel (Series 300, type 430) -0.09
Silver -0.08
Nickel -0.07
Chromium -0.4 to +0.18
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Basis Metal: Stecl Copper Zine Brass  Aluminum

Ingrediem Method of applic aion.  Electro Electro  Electro Electro Soak
Sodiom hvdrocide, NaOH. ¢ S0 25 20 10
Sodim metasiliciue, NaySi0y. % 40 40 40 40 40
Sodium (npoly phosphate. Nagp3Qyy % N 10 10 10 30
Sodium carbanate, Nn‘_,(_‘Oj. G 4 23 28 28 10
Suding bicarbonate, NaHCO4. % B - - - S
Swrfacting. 40% <odiom hineas alkylate sullonate. % 1 2 2 2 S
Cleaner concentration. g/l 60-i20 20-60 10-45 25-45 20-60
¢ wrrent density A/m2 $00-1000 200-500  200-500 150-500
Temperature. °C 80-hoil 70-82 65-75 60-70 70-82

Oy chelatmg agent.
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cdo + 4Na + H,0 — Nayed(NC)4 + zNaOH

Atonmic number-. 48
Atomic weight [12.40
Elccrrochemical equivalent, mg/C 0.5824
Elecctrochemicalt equivalent, g/A.h 2.097
Llectronic confliguration 1522522p63¢23p63d 104524p64d
Melting point, °C | POPEETEED
Boiling point, °C
A , 767
Density, g/lcm?3,25°C 8.65
Crystal structure hep
Electrical resistivity. uQ-cm,0°C 6.83
Hardness, M‘Pa$ 300-500
Stress. MPa 351 to 2]
Tensile strength. MPa* 70

Standard electrode potential, E’, 25°C,V -0.4029
Cd** +2¢-—> Cd
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Still Barrel
Cadmium oxide, g/L 25-35 17-23
molarity 0.19-0.27 0.13-0.18
cadmium metal, g/L 22-31 15-20
Sodium hydroxide, g/L* 15-22 10-14.5
Sodium cyanide. g/L 75-90 90-100
molarity 1.1-1.3 1.3-1.45
Addition agents, g/LL ' 0.1-15 0.1-15
Cathode current density, A/m?2 150-400 _
Anode current density, A/m? 200
Temperature, “C 20-30
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Cadmium fluoborate, Cd(BF,), g/L (50-300 250
Molarity 0.5-1 0.87
Ammonium tluoborate, NH4BF, g/L. 60-120 90
Molarity 0.6-1.1 0.86
Boric acid. HyBO5 g/L 20-30 25
Molarity 0.3-0.5 0.4
Fluoboric acid, HBF,, to PH 1-4 2.5-3
Licorice, g/LL -2 |
Temperature, °C 10-40 25
Current density, A/m?2 100-600 300
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Atomic number. 29
Atomic weight 63.55
Electrochemical equivalent, Cu(t), mg/C 0.659

Electrochemicalt equivalent, Cu(l), g/A.h 2.37

Electrochermucal equivalent, Cu(Il), mg/C 0.329

Electrochemical equivatent, Cu(Il), g/A.h 119

Elcctronic configuration 2n 276D 1042
Melting point, °C 188235 2p03s23p3d!04s
Boiling point, “C "58‘2

Density. g/cm?. 20°C (/1 tor 1-pm deposit) lé 94

Crystal structure )

Elcctrical resistivitv, HQ-cm, 20°C tlcc673
Electrical conductivity, % 1ACS '
Brinell hardness,* anncaled* 101.8
Brinell hardness, hard rotled™ 43
Tensile strength, annealed, MPa* ;gg 555
Tensile strength, drawn, MPa* 380-420
Standard potential, E°, 25°C,V

Cut+e¢ = Cu +0.52
Cu*t +2e-— Cu +0.34
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Strike Rochelle High-cfficiency

¢/ Molarity ¢/L  Molarity /L Molarity

CuCN 13 0.17 45 0.50 75 ().84
NaCN 28 0.57 56 1.14 100% or 2.04
. KCN - - - - 133* 2.05
L NaOY - - - - 30% or 0.75

y - - - - 42 0.75
KOH 5 0.14 30 0.28 - -
NayCO,

f - - 45 0.16 oplional
KNOCy4H404.4Hy ] ¢
O 10.5 0.17 31.5 (.50 53 (.83
NI - 11 0.22 6 0.12 19 0.39
- - - - 25 0.39
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_ High-
Strihe Rochelle e(fciency

Cathode cd. A/m?2 100-300  150-600 100-1000
Anode cd. limiting. A/m2 100 300 500
Temperature, "C 50-63 55-70 63-82
Limiting thickness. tum 2.5 133 >25
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Average Limits
gL Molarity g/L  Molarity
Copper sullate, CuSO4.5H,O I88 0.75 150-250 0.6-1
(Cu as metal) 48 0.75 38-63.5 0.6-1
Snilurie acid, HySOy 75 0.76 45-110. 0.45-1.12
lemperature, "C 32-43 18-60

. 2
Cathode cd. A/m= 300-5000 depending on conditions

Anode cd. A/m2 10 1700
\I\Q(’|||L gravi[y_ 2§°C |]65 1.1 ]5-]2]
Resistivity, pQ-cm 4.2-4.3
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Low concentrition High-cfficiency
oL Molarity /L Molarity

Copper tluoborute, CuiBF4)9 225 0.95 450 1.90
Cuas metal) 60 0.95 120 .90
Fluoboric acid. HBF 5 0.17 30 0.34
. . 15 o) 0.4¢
Roric acid, H3BO;y .24 A0 49
P, colorimetric 1.9-1.7 0.2-0.6
Specilic gravity, 27°C [ 17-1.18 1.135-1.36

Cathode cd. A/m2 . . .
dec up o 21.000 under special conditions

Anude d, A/m? to 5500 with agitation
Temperaware, "C 18-50
Resistivity. 1Q-ecm.27°C 7.3
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Tensile  Elongation Intcrnal ~ Hardness  glecyrical
stiength, Pereent, stress, VHN200.  resistivitv.
MPa Sem MPa* MPa puQ-cm
High surength 450-620 4-18 -40 10 54 1280-1560  1.75-2.02
Hardness 34-540 0-10 -40 10 30 1890-3420  1.96-4.60
Low resistivity [80-265 15-41 -0.510-15  470-625  1.70-1.73
Low sUress 135-155 8-24 0710 -0.6 550-560  1.71-1.72
Loveling 350-335 14-19 20 1250-1340 1.82
thermal stability 220-295 26-39 5-28 540-1040 1.73-1.76
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g/l Molarity
nS0O4.5H-0 195-240 0.78-0.96
(Cu metal) 50-61 0.78-0.96
114504 45-60 0.46-0.61

0.02-0.08 0.0005-0.002
Chlovide. CI7 (20-80ppm)
Addition agent as recominended
Temperature, "C 24-32
Anode current density, Alm?2 150-300
Cathode curyent densitv, A/m?2 300-600
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CD g gradud
oL Molarity

CuCN 52.5 0.59

(Cu metal) 37.5 0.59

KCN 103 1.58

Frce KCN 26 0.4
Temperature, “C 50-60

Cathodc current density, A/m?2 50-250

Plating time, min 4-5

Anodes OFHC
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g/l Molarity
Copper, Cu 22-38 0.35-0.6
Pyrophosphate. Py07% 150-250 0.86-1.44
Nitrate. NOy” 5-10 0.08-0.16
Ammonia. NH3 1-3 0.06-0.18
Orthophosphate, HPO4™ - <3 <1.20

Additves .
as recommended
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PH 8.0-8.8
P>04/Cu ratio 71 to 81
Temperature, °C 50-60
Cathodc current density, A/m? 100-800
Anode/cathode area ratio 1:] 10 2:1
Anode and cathode efficiency, % =100
Agitarion (air) m3/min/m? surface [-1.5
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MakeUP Control limts
/L Molarity o/l Molarity
Cusl507.3H50 R2.5 0.23
K4P207 RIRYS 1.0 375-450 1.13-1.37
0.75 ().04 0.75-3 0.04-0.1R8
NH; 27-33  0.42-0.52
Cu

Temperature, "C

Cathode current densitv. A/m?2
Py

Brightener

Agitation

52-5%
100-800
R.2-8.8

F
Au
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|. Elektrokima praktikomi : prof.Dr A.B-Berkem "1988"
2. Nickel and chromium plating : .K.Dennis and T.E such. "1993"
3. Theorical Electrochemistry .L.Antropov "1997"
4. Chemical and Electro-plated Finishes : H.Silman (1948)
S. Corrosion Engineening. Mars.G.Fontana Norbert D.Greene (1982)
6. Die galvanisch verchromung. Dr-Ing Robert weiner(1974)
7. Modern Analysis for Electroplating : peter.w.wild (1974)
8. Electroless and other Nonele ctroytic plating techiniques J.1.Duffy
(1980)
9. Modern Electroplating Fredcrich.A.Lowenheim (1974)
10. Canning Hanelbook on Electroplating (1978)
1 1. Electroplating Engincering Handbook : Lawrence J.Durney(1984)
12. Electrfinishing Marjorie A.Brimi James .K.Luck 1965
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