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Abstracts

To support the domestic plating industry concerning localized products, survey was conducted in connection with

chemicals and properties of plating solution.

Collected samples from 55 factories throughout the country were investigated by spectigated by spectrograph, Hull

cell test and chemical analysis method to find major chemical components of the plating solution.
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Table 1. No. of surveyed factory and employee
\\ Partition| Total No. | No. of unable factory " No. of ; No. of employee
\ f of Unclear | surveyed T an.
Ara .| factory | Unelesr | cioeq | Euade | Subtowl] factory | ~10 | 10~20 | S0~
Kyungin 2% | 7 2 — 9 17 5 8 4
Daekoo 12 : 1 3 — 4 8 1 5 2
Pusan 21 — 8 — 8 13 5 7 1
Chunan 4 | 1! 1 — 2 2 — 2 —
Daechun 11 ‘ 2 | 3 2 7 4 — 4 -
Chunbuk 16 8 5 — 13 3 2 1 —
Chunpam 13 { —_ 5 ; — 5 ’ 8 [ 6 2 —
Total 103 ] 19 27 i 2 48 ' 55 ‘ 9 29 7
Table 2. Survey of factory situation
\Partition No. of Bath Plating Bath Testing Kind of operation
\ Problems | compos- . k : .
factory ition condition | control | machine Order Maker Mixture
Area . i
Kyungin 17 2 13 15 5 7 3 13 1
Daekoo 8 6 8 8 6 7 1 7 —
Pusan 13 5 11 11 4 5 5 8 —
Chunan 2 1 1 1 1 1 — 2 —
Daecuhn 4 — 3 3 2 - — 4 —_
Chunbuk 3 2 1 2 2 2 — 3 -
Chunnam 8 6 3 4 —_ 6 3 4 1
Total 55 22 26 44 20 22 12 41 2
Foxcent — 40 56 €0 36 40 | 218 | 745 3.6
4 N




104 A 13, 1977

Table 3. Kinds of problem in factory
T T T T T " T No. "‘(;f'—'_ﬁrc;{-,g;
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Table 4. Installation of festing instrument

Partition) No,  of | Analyti- Thickness tester pH | Salt | Hardn.| Hull
e |Gt Blociros. | Micios: [Magene. No. oF | meter | 1oor | tomor | toster
Area : i lytic | cope tic | factories| \ ;
Kyungin 17 4 3 — 3 5 — 1 — 2
Daekoo 8 3 5 — 2 7 — - 1 -
Pusan 13 4 1 — 4 3 — — 2 3
Chunan 2 — — — — — — — — —
Daechun 4 1 1 1 4 4 1 — 1 1
Chunbuk 3 2 — — —_ — — — — —
Chunnam 8 — — — — — - — — -
Total 55 14 10 1 13 19 1 1 4 8
P‘(’;‘é‘e)“‘ — | 25.4 — — — | 3¢5 18] 18] 72| 15
Table 5. Scholastic history of employees
Ar:\»\, Paj“\on No. of College | High school | Middle school |  rimary Total
Kyungin 17 10 71 98 104 283
Daekoo 8 6 39 70 17 132
Pusan 13 6 52 184 H 276
Chunan 2 — 1 18 13 32
Daechun 4 5 21 29 8 63
Chunbuk 3 — 2 19 6 27
Chunnam 8 — 5 27 44 76
Total 55 27 19 445 226 889
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Table 6. Collected samples per items

Partition

Items

Machinery parts

Bicycle parts
Machine parts
Bag decorations
Radio parts
Umbrella frame
Nail Cutter
Decorations
Q.C.
Total

No. of

No. of
factories samples

‘ 7 8
11 12

3 4

4 10

4 5

2 2

3 3

4 4

8 9

46 57
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Table 7. Properties of samples
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S;{::- ~ Item Visuality - Thickness (x) ((:gf:/(::s;?;;
No. |Sample Gloss | Color | Stain Bt] elf,- Pit ti‘:;: Bl‘:‘f; irg:b Cu | Ni Cr ssp’:_l;y f:;i("
-Buckle G G N N N N P N — - — — | 7.5
1 | D.ring ” ” " ” ” ” 1" " 3 132 l0.05 — _
Small D. ring ” ” ” " ” ” ” r 1.5 — lo.03 — —
I ring ” " ” ” n ” n ” 3.7 1.1 i0.06 — 7.5
2 ”n n n n ”n n 14 n " n n n n
3 | Sadow N P S N N N P N (29 — 10.06 — 1.3
4 | O. ring G G N N N N G N - — — — —
5 | Rectangular ring, » " ” " ” ” " » 10.6 |3.9 l0.04 — lo.23
Rectangular ring| » ” ” ” " ” P n |54 10.8 [1.91 — [0.23
6 | Fountainpen cap{ » ” " ” ” ” G " — 133 |06 - -
Bal] pOint pen 14 " 7 14 ”n n 144 " — _— —_— —_— —
case
7 | Fuse ring ' " ” ” ” ” P no11.4 — |01 — —
8 | Radio dial " " ” " ” ” ” ” ” " ” ” ”
9
10 | Tap nozzle nut G G N N N N P N — | 7.4 0.4 - —
Tap nozzle nut | ” ” " " ” G " — - — — -
11 | Umbrella frame | G G — — N (KSD 9002) 2.5 [ 2.1 10.09 — 123
12 | Grill door G G N N N N G N |74 {59 {004 {0.5 —
13 | Bur knut ” ” " " ” ” P » 17.3 116 [0.14 } 7.5 —
14 | Machine ring ” ” " ” ” " G » 11.2 16.1 10.04 | 1.1 —
Fastening plate ” ” ” % ” ” " 7 159 |54 10.03 - -
15 | Clock stand G G N N N N G N — — - - -
16
17 | Bag decorati- G G N N N N G N 7 |26 10.03 — 1
18 | ons Oil ring (KS D02 [2)
19 | Bicycle chai-
nwheel and- — — N N N N P — 6.7 |10 {0.03 — 10.2
crenks
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Sam-
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No.
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42

43
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Sample IS

Bicycle Band
brake cover

Knob
Shasi

Machine parts
stop motion

Bicycle chain
wheel and crank

Buckle (bagdeco-

ration)
Rectangular ring
Wire

Plier
Antenna
Ring

Nail cutter
Antenna
Motor bumper

Bicycle bell
cover

Handle

Bicycle lock
cover

Bicycle handle
Parasol frame
Brake handle
Hub
Bicycle light
cover
Bicycle lock
cover
Handle stem
Nail cutter
Nail cutter
Flanged cup
Fender

Scissors

Dry cell part

Furniture
ornament

Decorations

Riding omnament
Bicycle rim
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i T Corrosion
l Thickness (1) (pi tf:‘lg)‘
Cu Ni Cr Salt | Ferro-
| spray xyl
5.9 11.01 (0.12 — 0.4
12.7 1 2.3 10.11 — —
~ | -1 - — 03
4.2 (6.1 0.05 — 25
4.1 134 0.71 — 10.2
5.0 2.0 0.04 — 135
2.7 (2.5 {0.05 — 2.7
3.4 10.05 — 4.5
0.4 111.8 | 0.1 — —
7.7 | 5.7 {0.13 [ 0.4 11
— |16.4 (0.07 — 2.2
56 |01 — -
19.9 {13.5 {0.13 | 0.0 10.13
15,1 | 9.8 [0.07 | 0.0 11.2
7.4 6.6 {0.58 | 0.0 | 0.6
7.3 | 4.2 [0.19 — 10.2
6.6 {6.4 0.11 0.3 |1.0
5.3 | 4.1 |0.05 — 10.25
13.2 115.1 0.13 | 0.0 110.2
10.2 |58 [0.21 {0.0 {04
— 119 [0.18 — | L1
0.21 | 4.0 (0-04 —_ 0
— |42 0.1 — —
2.2 129 |11 - 1
3.2 |20 |09 — —
6.7 —_ — — 0
— 6.5 0.12 — 1.8
1.4 (2.0 [0.42 — 10.38
~ 12.0 [0.04 — 0.25
3.4 11.0 [0.04 — {0
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Sain_ \ Item Vlsualxty Thickness (1) (pit/em?)
ple T {Defor-
| B Bare | Buff. /-'¢If . Salt | Ferr-
No. [Sample \\ Gloss | Color | Stain t:_ Pit basr: ing rr;g; Cu | Ni Cr spray | oxyl
55 | Lock Gle | N|N|N|[N|[P|N|~—|=]|~]|—]5
vlolgl & M EE A9 samplinge] ¥A X3 A4,
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EFEY9e AFSH 2L FF9 L4 E Hegdaooz £43tq
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FAE QA =aERe 9d¢ AARy ¢Ad 4) Sodium hydroxide
Fq 2 oA stme FUF FAY AEL A4sted F3yor P43t
olubAl 3t Ed] mZo] o]Ae] Wojxtgw =z L 3.22 yuFE ==Y
T e elslx e, zEEE HJAHoE B4 1) Metallic copper
& P8tn 3EF JFE 138 ARG FdB = A4y celegAsoviyor BAE
N §A et Aol diwds Feditt B AT 2) Sulfuric acid
A A =TYL 189%05 A4 FEL 801% Faleog FA3 Y,
el F37el 4 ¥ FAFAS 239 s At

Table 8 2,

Table 8. Analyqis of copper plating solution

‘\\\Partition Copper cyanide bath Copper sulfate bath

Sﬂﬁg{le\\ 5.6 | Cu [ ,Free | NaxCOs| NeOH | CuCN | NaCN 5.G ‘53}‘;384 HyS0, | RO,
1 1.158 | 22.72| 17.87 | 135.5| 54.14 | 32.02 | 52.91 | 1.160 | 134.40 | 69.97 8.2
2 1.096 | 50.04 | 22.33 5.35 7.50 ] 70.52 | 99.50 i 1.136 98.10 | 62.28 5.1
3 1.164 | 57.92{ 22.91( 27.45{ 20.36 | 81.62 ;112.23| 1.090 | 86.05| 24.02 8.0
4 —_— — J— — — —_— —_— —_ —_ —_ —
5 1.100 | 42.73 1.20 | 48.20 3.56| 60.22 | 67.09 1.174 | 111.11 | 49.34 29.3
6 1.048 | 17.84| 2.00| 20.94 | 3.16| 25.14| 29.14 - — - —
7 1.038 | 15.06 0.49 | 16.52 0.00 | 21.22 | 23.71| 1.154 | 114.10 | 69.93 9.5
8 — -— — — — — — | 1.152 } 148.58 | 67.91 1.9
g —_— —_— — P — — —_ — — — —_—
10 1.080 | 36.52) 12.15} 10.70 2.96 | 51.47 | 68.47 — - - —_
11 1.220 | 84.49 12.82} 61.19 6.93 1 119.07 | 142.89 — — — —
12 1.143 | 17.49 | 1.41|133.45| 39.43 | 24.65; 28.38 | 1.159 | 102.33 | 89.18 9.7
13 1.174 6.11 0.98 | 133.73 | 40.70 8.61 1 10.40{ 1.132; 50.39 0. 00 54.3
14 1.178 | 85.02{ 14.70| 50.26 | 18.18 | 119.82 | 145.81 | 1.191 | 148.58 | 76.49 13.4
15 — — — — —_— — — | 1220 253.24 | 96.88 12.3
16 1.050 | 26.30 1.65| 11.65 5.14 | 37.06 42.2 — - — —
17 1032 1718 0.23| 57.25| 9.41| 24.21| 26.72 | 1.142 | 143.42 | 73.12 9.2
18 — — — — — — — — — - —
19 1.082 | 19.93 1.45| 58.16 | 14.70 | 28.09 | 32.18 | 1.156 | 197.68 | 27.44 5.9
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- Partition! Copper cyanide bath j Copper sulfate bath

Slaqn(;.ple .86 l Cu NaCN 'I\BZCOa l NaCN | S.G t C.“I_IS%‘ [ L{..SO4 ’ R203
20 | 118 472 240 | 62.80 | 850 ! 63.02 . 70.42 | 1. 162 130.50 ; 25.52 29.5
21 1058 | 30.24 | 0.38| 23.25 | 5.45| 42.62 3.00 | 1.146  160.21 | 32.93 | 6.1
22 1.160 | 79.84 | 11.56 | 59.55 | 10.95 | 112.52 | 3169 1.135 ’ 199.74 | 28.12] 3.0
23 1.135 | 121.77 | 37.66 | 88.40 | 62.70 | 171.62 | 225.45 - - - -
24 1164 | 89.14 | 14.20 | 53.50 | 31.22 | 125.63 | 151.71 | 1.176 |204.14 | 38.42 | 10.5
25 1.094 | 36.43| 6.57| 45.15| 6.09| 51.34 1 62.75| 1.100 | 90.44 | 82.89 | 14.3
26 1184 | 61.24 | 14.48 | 60.95| 25.68 | 86.31 ' 108.92 | 1.143 |173.90 | 12.60 | 14.7
27 1.174 | 62.57 | 5.8 | 101.45| 40.95| 38.18 | 102.06 — - — —
28 — -~ — - - - — — — — —
29 1.054 | 22.36 | 10.42 | 32.55| 7.54! 31.51| 44.9 — — - —
30 1150 | 84.13 | 5.49 | 61.9| 10.06|118.56 | 135.23 | 1.141 |176.49 | 24.01| 2.2
31 — — - - - - -~ — — — -
32 1.09 | 51.50 | 14.83 | 32.55| 9.81| 72.58 | 94.25 — — — —
33 1.094 | 46.94 | 8.82| 33.95| 1.72| 66.15| 81.21  1.113 164.85, 9.95| 13.5
34 1.144 | 75.85| 18.02 | 112.40 | 2.51|106.89  134.99 | 1.126 |157.62 | 19.55| 7.3
35 —~ - — — — - —~| 1162 193.8 7.89| 21.0
36 1126 | 30.77| 3.97| 60.50 | 6.21| 43.36| 51.41 — — — —
37 1.138 | 56.81 | 11.01| 46.55 | 4.24| 80.06 | 98.61 | 1.149 | 182.27 —| 212
38 1.152 | 60.22| 4.99| 71.20| 22.59 | 84.86 | 97.85 — — — —
39 1.102| 34.01| 6.11| 55.85| 12.57 | 47.93 | 58.55 ! 1.153 |176.49 | 30.87 | 14.2
40 1.085| 32.01| 15.29 | 37.45| 21.84 | 45.11 | 64.65 | 1.174 |194.58 | 25.51| 19.0
41 1.135| 67.22| 17.86| 44.65| 24.53 | 94.73 | 121.52 | 1.176 | 205.43 | 16.46 | 19.3
42 - — — — - - — — — — —
43 1.044 | 13.28| 2.11| 37.25 0| 1871 22.58 — — — —
4 1.042 | 20.28| 7.34| 19.55 0| 48.58 | 38.61 - — — —
45 748 8.36| 1.147 |121.96 | 58.20| 13.8
46 1212 54.24 | 0.55|174.05 0| 76.44 84.19| 1.134 | 69.77 | 101.70 | 14.1
47 1.240 | 35.42 | 0.73 | 23175 0| 49.91 | 55.34 | 1.198 |213.18 | 17.30 | 28.5
48 1.164 | 46.77 | 1.51 |116.80 | 7.37| 65.91 | 73.63 — — — —
49 1.114| 2550 | 0.27 | 8.41 0| 35.93| 39.58| 1.160 | 51.72| 30.58 | 50.86
50 1.156 | 60.17 | 10.32 | 84.23| 11.83| 8479 [103.11 | 1.138 [102.18 | 37.86 | 32.22
51 1.205 | 87.47| 0.71| 82.37 0 | 123.27 | 135.60 — — — —
52 — — - — - - - - - — -
53 1.118 | 27.04| 0.83| 98.65| 516| 3810 42.52 | 1.154 | 148.32 | 50.97 | 17.30
54 1.148 | 57.59 | 12.43| 70.55| 1.55| 81.16 |101.24 | 1.134 | 47.67 | 20.43 | 48.80
55 1.024 | 55.38{ 0.17| 40.95 0| 78.04| 85.56 | 1.136| 84.48 | 13.59 | 27.16
3.2.3 LUH=FY 1) Chromium trioxide
1) Metallic nickel A, ¥ FYoz LA
Aoz A5 2) Sulfuric acid
2) Nickel chloride FFrAger At
Adg ez EA 83t
3) Boric acid HAE % 258 239 Bty At Table 9
Fides LA, st R},

324 IAR=RY
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Table 9. Analysis of nickel and chromium plating solution

. Partition Nickel bath Chromium bath
Sample . | 5. N | e | HBOs | g0 | sG | e, | cr(my | HsO,
1 1. 148 49.78 34.15 | 28.18 185. 07 1.136 150. 69 40. 42 3.65
2 1.168 61.65 43.65 33.21 227.76 1.126 155. 51 5.39 4.28
3 1.169 55. 82 50.34 36.52 194. 06 1.149 165. 87 9.16 3.65
4 -_— —_ —_— — — — — —_— —
5 1.152 49.78 52.12 31.23 165.19 1. 092 110.93 2.70 2. 12
6 1.161 55. 48 47. 96 28. 48 195. 31 1.132 165. 87 5. 39 4.55
7 1.124 44.97 38.08 27.57 159. 20 1.111 110. 93 9. 70 1.56
8 1.167 64. 40 31.68 35.86 253. 23 1.231 326. 56 2.70 5.67
9 1.192 69. 68 43.27 67.14 264. 02 — - — —
1. 203 73.80 50. 34 3. 38 274.67 1.153 207. 34 3.77 2.52
10 1.194 70. 37 57.48 36.78 251. 14 1.239 259.18 18. 86 5.86
11 1.238 84.10 57.95 38. 04 312.35 1. 149 186. 61 10.78 3.49
12 1,156 56. 00 45.82 37.28 199. 97 1.208 259. 18 16.17 2.03
13 1. 140 48.14 22.25 30.92 190. 88 1.104 126. 48 0 3.18
14 1.116 42.23 31.18 18.72 154. 54 1.149 199. 05 9.70 4.01
15 1.158 56. 95 40. 50 46.29 210.13 1.182 217.71 5.39 4.78
16 1.134 44.63 30. 35 35.09 166. 22 1.137 171. 06 0 16. 88
17 1.213 74.49 47.36 32.04 281. 02 1.113 147.21 1.62 2.20
18 — — — — — 1.120 139.95 88.93 0.87
19 1.194 66. 25 59. 62 45. 26 230. 58 1.121 167.24 0 1.46
20 1. 156 59.29 49.03 22.17 207.58 1. 160 214. 60 7.55 2. 66
21 1. 289 38.79 74.97 47.20 90.72 1.212 300. 64 5.93 3.54
22 1.274 162. 39 58.91 32.38 393. 14 1. 160 237.44 2.16 1.30
23 1.218 87.98 97.94 38. 90 285. 50 1.180 222. 89 10. 78 8.85
24 1. 207 75. 49 42.84 41.40 290. 51 1.118 160. 69 2.70 1.56
25 1.162 43.25 51.77 44.96 136. 32 1.126 173.13 2.69 1.93
26 1.113 34.05 31.30 34.72 117.80 1.14 202. 16 0 4.16
27 1.111 38.45 36. 89 26. 04 131.31 1. 094 105. 74 7.01 2.33
28 1.187 71.06 56. 88 47. 86 255.15 1.140 202. 76 0 1.51
29 1.216 80. 67 50. 58 36.11 305. 15 1.121 147. 21 5.39 3.94
30 1.193 65. 57 60. 69 40. 84 226. 38 1.168 228. 01 0 5.85
31 1. 142 72.98 63. 07 28.99 256. 90 - - — -
1.211 53. 96 51.77 34.03 184.26 1.128 178. 31 16.17 1.55
32 1.273 69. 00 62.24 42.21 240.03 1.160 238. 44 13.47 1.12
33 1.164 66. 94 35.70 24. 31 259. 90 1.174 238.44 5.39 2.09
34 1. 150 58. 51 52.12 32.04 204. 27 1.170 233.26 3.77 2.01
35 1. 148 58.51 44. 98 26. 96 212.14 1.187 254.0 6. 47 1.57
36 1.156 39.74 94. 60 25.43 73.26 1.105 152. 39 2.69 0.42
37 1.134 46.34 23.49 13.22 171.50 1.135 183.50 7.01 2.22
38 1.203 76.07 30.94 32.14 306. 27 1.126 173.23 2.69 1.53
39 1.203 61.47 89.25 48. 83 176. 43 1. 145 199. 05 0 1.4
40 1.198 69. 63 48.20 44.25 258. 30 1.180 254.0 8.08 4.11
41 1.222 77.23 57.12 41.96 282. 50 1.145 222.89 0 1.45
42 1.189 68.11 41.65 99,42 259. 36 - - — -
1.224 78. 37 47. 36 43.74 ] 280. 49 1.174 240. 51 8.08 2.19




Al04 A1z, 197 — 9 —
\Partitionl Nickel bath Chromium bath
S‘"‘P‘e \I 5.G Ni Nk | mgco, | NEO 56 | &0 | @ ! sto4

43 1. 200 ! 70.70 l 85. 50 43. 98 221. 90 1. 150 162. 76 10. 78 0. 39
m 1.198 | 68.50 | 3613 | 5408 | 266.66 | 1.178 | 269.54| 10.78 1.66
45 1164 | 59.55 | 58.57 | 33.20 | 201.76 | 1.140 | 183.50| 31.26 1.86
46 1181 | 67.60 | 60.14 | 42.08 | 236.06 | 1142 | 155.51| 3.77 1.52
47 1140 | 41,75 | 60.70 | 45.20 | 119.76 | 1130 | 212.52| 6.47 1.53
48 1140 | 50.68 | 42.08 | 26.99 | 180.32 | 1.166 | 248.81| 6.47 | 2.69
49 1. 050 14.74 10. 77 15. 90 54.06 1. 068 86. 05 24. 25 1.64
50 1130 | 50.32 | 2079 | 6261 | 19227 | 0.000 | 13477| 6.47 3.99
51 1.208 | 76.77 | 37.45 | 14.46 | 30220 | 1.500 | 839.73| 1.08 2.88
52 1250 | 98.48 | 36.10 | 92.85 | 400.88 | 1.256 | 411.57( 1.62 2.98
53 1136 | 51.76 | 45.87 | 50.04 | 180.95 | 1.144 | 217.71| 13.47 2.79
54 1.102 36. 88 36.61 24. 47 124. 60 1. 206 259. 18 29. 64 4. 39
55 1158 | 5212 | 10.52 | 64.50 | 221.68 | 1.188 | 243.62 04.04

3.3 Hull cell E2A Y

o] N¥& AYzA, eFq=24, I8, FYY4
Z AfdEe] delAdel AR F, =7 4l
e JgE gAdEs Yo 24,

olu] ol A M3t ups} o] HFEAL 49 7]
224 AT Agspt fo139A F o9 &
HE, 2% vl i A AL T3 oy 4
29 EF9e 43¢ ASEx {497 slenz Fx
(BE) & $4F noes A48z g4 a3
4 Sl patterno] W g &,

et 1 3EA, vFEEE, 2T AL,
AFYEF patteng =FAP22 FF A5 A
of Hull cell 232 § AYL Yslnzs =&
Ag xAA ez FY & glod AFY FARLE
1% 4 e Agubgold,

3.3.1 MEHZX

£ AYe] AMgd AR = e 2 LFor
45 At

a) AHK7] : AC15~20V. 6~10Amp.

b) cell : 267ml (A}c} ] &)

¢) water bath : 20~80°C+1°C

d) A&7 : 100W 3~50

€) %< :5+1mm nickel

43 :0.5mm FFH 70mm X 100mm
3.3.2 NEHYY

64]]ANODE

l

cello] 2282 A=A A4 3 Fig 13} o] %F‘
o] Aol cellFo] HF3A gAse dF47 =
AR Ze] F5E cell Tolut} £A dr},

A (&3)9 Aol 100mmz st 7[We] =
A7z AQAd g4 44 2 45 =FF9AS
S ok, 2EALE 108, AFYEE 3 amp.
z 39 =" A9 & Ave FA% 32
F =F4d0E AR JSsn BEdd o] A w
g FAE R A 2E = $4EE AAddz
EFAEE WHEFe

2 JqFAALE duifges YAsIFRE €S
2 stz JlE24, P94, &x 9 pH 5 ¥3A7]

3 EEE5E At =FAUE $F REI] 9
T BEANY 455 L AZEHAn 7 THNA AAP
YA s ZY 53%0] disted Hull cell 23 Y& 319
A" vasdch 5L 4% JUdxFLe 7]
25 BEULe Table 10 9 113 7o},

e 127
Fig 1. Hull cell




. \Partition g;‘584 f GNIfIC(l'j’ |
Sample ™ | @) | @M
1 300 50
2 ” ”
3 ” ”
4 ” ”
5 ”n ”
6 " "
7 ” n
8 ” "
9 " ”
10 300 50
11 " ”
12—1 ” ”
—2 ” ”
—3 " ”
—4 " ”
13—1 ” ”
—2 ” ”
—3 " ”
—4 " ”
—5 ” n
—6 ” ”
—1 ” ”
—2 ” "
—3 " ”
—1 ” ”
2 300 50
3 ” ”
16 " ”
17—1 0 i ”
17—2 50 | 50
3 100 ”
4 200 ”
5 400 | "
6 500 | "
18—1 300 0
2 ” 10
3 »” 30
4 ” 70
5 ” 100
191 300 | 100
2 n o ”
3 n ”
4 " ”
5 ” "

|

Table 10. Compositin of standard hullcell solution

| H;BO;

Temp.

I 63/91
' ! ) pH Amp/volt Remark
| &/ | Eudylite °C)
40 5/0 5.1 50°C 2/8
v 5/30 7 ’” 2/9
” 0/10 " " ”
" 30/10 n " ”
" 5/10 ” " " Standard
1 " o 80 2/9 High temperature
" " ” 25 2/7.5 low temperature
” ” ” 50 2/15 low organics
” " ” ” ” Excess organics
40 5/10 10.4 50 2/15 High pH
” " 1.0 " % Low pH
” " 5.1 " 2/9 Zn 0.5 g/l
” 14 ” " 14 7 2.5n
" " 4.8 " 2/8.5 "5 nm
" " 4.6 % 2/8 ”n 10 #
" ” 5.1 4 2/9 Cu0.1
” " ” ” " 7 0.25
” " ” ” " n 0.5
” ” 4.8 it ” n 1.25
” " 4.6 " " n 2.5 gl
” " 4.2 " 2/8.5 n 5 n
” ” 4.8 ” " Fe 5 g/l
" ” 4.2 ” 2/8 10
" " 3.0 ” 2/7.5 w 20
| ” ” 51 ! " 2/9 | Cr0.15 »
' 40 5/10 4.8 50 2/8.5 | n 0.4 1
' 7 ” 41 " 2/8 " 2.0 »
‘ no ” 4.4 | ” " Cu 0.5 g/l
é i Zn 0.5 g/1
5 ro " 5.6 " 2/13 | NiSO6H0
L0 510 5.6 | 50 2/11 | NiSO6HO50g/1
j ” ” 5.4 ‘[ ” 2/10.5 7 100 »
! ” " 52 ! 4 2/9.5 n 200 »
| p " 48 | " 2/8 | 400 »
” " 4.6 ” 2/1.5 | w 500 »
” " 42 | o1 2/10.5 | NiClSHO
; " " 4.4 v 2/9.5 n 10 »
” ” 4.8 " 1 2/8 n 30 n
| ” | ” 4.8 : 4 2/7 " 70 »
{ ” l " 4.4 1 ” 2/6.8 n 100 »
; 0 5/10 6.4 ! 50 | 2/1.5 H3BO;
1 10 { n 162 t no n o\ ni0 w
o2l w60l w | 218 ) waow
i 30 ‘ " 5.4 ! ” 2/8 n 30 n
1 50 | " 4.6 | " 2/8.3 n 50 n
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H3;BO;

~._Partition "nich [ Nicl, Eudylite | | Temp. |
Sample 6H0 | 6H0 [ pH | Amp. /Volt Remark
ample | ) | @b | @m | ee | . co |
6 ” no 60 | ” 14 w285 | w60 #
7 ” ‘ " ‘ 120 l ” j 3.2 ’ "o 2/9 | » 120 »
Table 11. Standard sample of Hull cell test
" “Partition | R T m—— e mm— ; S
Sample - Hull cell patterns ' Reading I Origin of defect
No. i 1 —
X COCO ! T
1 X CO | — Burnt, \emlbrlght pit 1 ghmiltzt:\ge of secondary
) % C@@CL : \ rightner B
2 IX X ' Cee® OO0 ] Semibright pits stain Excess secondary brightner
Ixx Ce® QO 00O ; spot (3times)
3 § ii l OO@O@)OOOO l Semi bright pits stain Shortage of primary
xxl | 0@ ®® 0 | L_ spot | brightner L
XXOXINNN i :
4 § é >>: >>§ [ | I g:;?ﬁr:g: spot bare i Excess primary brightner
5 ‘ ! Normal standard
6 1§ ; ; il ‘ Burnt l High (80°C) temperature
T B TOTEA 00 || Fage B | Lo 050 s
XXX XN\ . | {111 1¢ti] Powder burnt, bare, . o
8 ixixxx! NN | | "H!l stain_spot Organics
X Black X/ / /N CQO 1114 17| Powder, burnt, bare, .
9 !x XXXXNSLS O 2l 1 ] ‘ ' || semibright, stainspot Excess organics 7 L
XX XX XXANNN\IX XX X] i Powder, burnt, bare, .
- 1_0 XX XXX X|/ SN X }_%KX’ ! ’ l semibright, stainspot High pH (10.4) )
| “{i{i] Burnt, stain spot, - -
11 I ! d l 1B ! [ semibright, streaky Low pH (1.0) N
R my,*gt‘fhght* Zn impurity (0.5g/1)
X X X X \/ / S/ Powder, bare, . . T
2 |>< XXX Xl s Black Gracy /Black: semibright, no deposit Zn impurity (2. 5g/1) -
) 3 ;ﬁ ;2 ); § § é_?B]aCk \Gray Black Egzg;’s_nbm' o ” (5g/D
XXXX// // /// Powder, no-depostt, ] ) T
4 XXX il Bk ey dil | v Gy
13—1 |/ X Oobo 1 {] I |] g‘i‘;“;’po‘t’“’ l Cu impurity (0. 1g/1)
2 'X'O 0 O OL OQ‘ Black| Pits Nodeposit, stain spo; Cu impurity (0. 25/1)
3 Xl O O O ;Black‘ Burnt, semibright, } Back side copper deposit
><| O 0 O gts no-deposit, . (0. 5¢/1)
O O O O L urnt, semibright, i =
oo e e B e deposit | 7) (1.25g/1
X XXO C OOO[ - | Burnt, pit, semi
5 wxxl o o 55 l Brow n bright, no-deposit ‘ n (2.5g/1) -
6 § i § i § § ;: ; ;: ;2 ;2 ;: >>2 § Browni Powder, no- deposxt ‘ n (5g/D
14—1 §§'OOOOOO Burat, pm ‘ Fe xmpunty (58/1)
X[ O 1 T 1 Burnt, pit, stain spot, | T
2 xlxlOOOO O! " ! " ' clondy. _blister, | 7 (10g/1)
% OX XXXl Burnt, pit, stainspot, | - B
o 3 X 8 OOO OX XXX Xf! ! ‘l ! ! & ,I cloudy, blister bare i n (208/1)




—12 — FEEAAE
.. Partition 0
Samplé . Hull cell patterns Reading Origin of defect
No. ~.
-1 X | o6 ek, Cr impurity (0. 15¢/1)
X X X Bare, dull, stresky,
2 xxx ;/ §§ Bumnt, | cemibright sy # (0. 4g/1)
X X X X - Bare, streaky,
3 OO ]| ptucish geay semibright, nodeposit. n 28/
16 X8 8 o“ [OOO O”o“ Black gﬁy,wfoﬁ’;ﬁ P | Zn4-Cu (0.5-+0.5g/1)
o REIDCKPeC0T | hente oot # | Sorag e
2 ;2 ;2 § :2 ; § §<< 8 8 8 8 | Burnt, pit, blister n 50
3 § i ;<< § § 8 8 8 8 Burnt, pit blister n 100
5 [ Pit Sufficient NiSO; 6H;O 400
6 Cloudy Excess (500g)
18—1 ;<<OOOOOOOO Bumnt, pit Shortage NiClz 6H;0 (0g)
2 ;;;:8 (O) 8 Burnt, pit, 7 (10g)
3 X 88 Pit (30g)
VRN foge Sufficient NiCl, 6H,0 (70g)
5 P5°0C0C0 0 0 0 | Blister, vt Excess NiCly 6H,0 (100g)
-1 [XXPXOP0 Bumnt, bare, pit Shortage HyBO; (0g)
2 §OOO Bare, pit, n (10g)
3 XXX 8 Burnt, pit, bare (20g)
4 ;g ); OO Buint, pit 30$)
5 ; Burnt Sufficient (50g)
6 |X88S pit Excess (60g)
7 ;: >>§ § 888 Blister, pit n (1208)
3.3.3 s wy
1) HRY=E
EFAQPAE FF% SIAQAY Aol B A gt
FRES} gebAn Ao e AFUE FAL Fig 3 1
2% 23 AFE FUF IAYA A¥e AF U E wof
t ARYE BE 3ol whet(Fig. 1 #2) Fasted 2
o= 99 A Xo) AFUEE |
Dzx=I (5.10—5.24 logz) A |
Dxr=A/dm? T2 3 4 5 6 7 8 3 1
DISTANCE(Cm}
1 :%‘;ﬂ%(;ﬂﬂ%‘) . o densit
z=AZHEY Az (cm)o] olshe] Fapul Hull Fig, 2. Current density curves -
cell® (R) 22 47 golx 9o}, 2 BE
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Fig. 33 2ol Ag#d9 10mm FEFFE 3] L odrold dad 2EAY ANGE EEZTY £
EEAURE £33 gk #%e AnA S gs 4 R Hull cell 5549 3b53 33z Table 129 3
BHHD FEIA Feon BN ARAAE B
ohiic},

Table 12. Hull cell tests of nickel bathes.
“_Rartition| e
Sam;;l‘el:I;\ Hull cell paterns Reading | Origin of defect
X X X X |[@®® - Lack D@3, organics, metal
_.b__.l ‘X X% X‘ ® i Powdered burnt, pit contan?n@at%n. Tganics
® 0O s .. | Lack @@, organics high cone
Mz , [% ® 00 Burnt, semi-bright, pit | secondary brightner.
3 , §§§ Powdered, burnt. Lack @, organics.
+ |
XX X X Lack , high pH,
5 ﬂ.ix X X X Powdered, burnt metal ?cn®tamin§tion
Lack (D®), organics, high conc
XXXX(® @® Powdered, burnt, . :
6 #.. : of primary brightner, metal
X X X X ® blister conlt)amination.
7 XXX/ / / /JO@ee® Bunt, bare, dull, pit, Lack X
XXX/ // /) O@®®O blister lack brightner.
8 iii% Burnt, pit, blister Lack (@, metal contamination.
. “{ Semibright Excess (3.
=l§ (?(g)@© Bright | Burnt, pit, blster Organics.
v O Burnt, pit, blister Organics, bigh conc of
BER X x| |[| C®@@] - Organics, high conc of secondary
1 .== X X O@®@O Bumnt pit blister brightner, metal contamination.
12 § ; § f\\\\\\\ Burnt, bare, pit, blister H'glhl ‘:;’:;a(‘)‘fi mary brightner,
. Lack @@, organics, metal
X P YN, "
13 ==== § X %.@.9 piotwdered, burnt, blister cont tion, high conc
secondary brightner.
14 ;<<>>§§ ® @S) Burnt, pit, blister Lack (D@, metal contamination.
/S S S S (@ee) Dull pit stresky no Lack @, low pH, metal
15 /S j ®@® “” depoint contamination
BERR X X X @®E®® . Lack @2, high conc of secondry
16 BEBE X X X| @®®® Powdered burnt pit brightner, metgl contamination.
Lack @), organics, low conc. of
L 9. 84 000010000 . .
17 Burnt somibighrt pit
XX X| ©@® | @®@® metal contamination
18
19 |EEExxX pomdered burnt semi- | Lack @, lack of brightner
PEICOCTNCTITINGO . . Lack @, organics, T
20 X X' @@__H‘@_“ !@ll ® Burnt stainspot pit metal contamination
XXX|® ©®® o . High conc. of secondary brigh-
a X X Xl ® ® Burt nsemibright pit tner, metal contamination
B XX @® ® @® . Lack, @ organics,
22 I’.!X X] ® ® } Powdered burnt pit metal contamination
23 ‘=‘ Burnt Excess @),
WX X X X High conc of secondary brigh-
xu [ |}< X X X ‘ Powderd burnt tner, metal contamination
B < X X @ . Lack @), organics,
25 '.,T; X, 8”8‘ ,iigl ’ Powdered burnt pit meta] taoncmination




—_— 14_‘

Parﬁtlon

Sample No -

Flull cell patterns

Reading

|

Orgin of defect

BEd Coh “Powdered burnt stanispot | Lack(X®), low conc of secondary
26 i i
IR Pk ! . semibright _J»_'n_gh_txle_r! _metal contamination
r e~ Lack @@, high pH, low conc.
. oo Powdered burnt se
27 .'ggg',\ Ne'els n‘;‘ﬁge;l N urnt se m1b . of secondary brightner,
o PEEEEET T __ metal contamination
og  (BEE < X 000000 | Powdered burnt pit Low conc. of secondary brightner,
o B8 < SCO00 | blister metal contamination
2000 i Organics, T
'<OQ,O ‘ Burnt plt bhstex i imetal contamination -
"Powdered burnt pit Lack (@), lowconc. of secondary
. black l blister nodecesit {brighter, metal contamination
l Bare pit semi-bright ] Lack®), lack of brightner
i ==|:;< ;¥;88888—8'8‘8’ ; 'va&dé‘féii"-Bix‘rﬁrb'l'i's“té’r'“";“I_.E—aac—d}‘,_;g?é;gi&—;ﬁﬁ&\c.
. BB XXX o ipit . |of secondary brightner
32 ;Z;( % 8#*8#8&8*8&8&8 ( Burnt pit i Organics, metal contamination.
33 ==§ :’: ;: ;2 ;<< § i‘ \ Powdereci burnt H““~‘ Lack@@, organics. W
N 1 [
34 !g!'gli \>§ é é ;f il ‘ Powdered burnt l Lack O®), organics, metal
5 BRSOV e i Make
BEBBEE < < < XIX[X[xX[x; | Powdered, streaky, ! Lack ©®, excess@ high pH.~
_:f_*!%!-=ﬂ{x X X X[ x|x x!x”g burnt | organics, metal ¢
B8 < < X 000000 Powered, bummt, | Lack@® high f secondary
ERl - PRSsleee | semibright | g 8 cone of secondary
WX x x|/ / / Powered, burnt, Lack (@ high conc of secondars
38 !!‘X X Xl / seml-bnght _________ ‘ brightner g - y
39 ====t ; ;f );! Powdered, burnt l Lack®), organics
40 18 8 8{ Burnt, pit i Organics, contammatxon_ h
41 88.088 l Surnt, pit, blister lOrgamcs, metal contamination
——' 1000® OO " [ Burnt, semi-bright, o S
o 03588 L brighe. oo [ Onsenics, pH
X X|x xlOO ooo. Bumnt, bare, pit oBrr;ﬂitgfr’ excess HoBO,
43 ;;(880888 Burnt, pit, blister iOrganics .
) lll.gx >< x ) Powdered, burnt, " Lack® organics, lack of bright
4 X < l semibright, pit ners g g ) WO r
45 ‘=; ;_22 o 8&%8 ?leiered burnt pit. Orgamcs
6 | _
B 47 _,i&i‘i—“—i—iﬂ/ 00000 O§O ®@®@® | Powdered burnt blister ! Tack@, " gr;';é;ii_ésw -
o | AEeRERO0eO00Cee®) ! _pit. ~ metal contamination
48 == . } g;; :‘gemd ‘burnt pit I Lack@3), organics metal
49 ‘
- 50 _==[>/ T f;(::s:lc‘i;gg;bdi;f{rbare rl;laﬁ() , high pH organics,
i ke ___|semibright ~ ~ ~ |metal
. |
52 }= 1 Bumt streaky pit ‘I)‘:gc:‘r%?)’ excess @), high pH
o 53 l= XI ! l P Powdered burnt bare High pH, organics, metal
| fi ‘1 strecky stainspot contamination
54 -. X >< X X)X x' elele] Powdered burnt streaky | Lact®@X3), organics, high conc
.I!X X K X X OOOO bare semibright pit primary brighter.

PQ Remark : @ NlSOg GHQO @ NICIZ 6H20 G H(_)BO;{
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.. Partition

Samplé%

Hull cell patterns

Reading Origin of defect

= |58

{XXXQEOOf
iXXXi O

Powdered burnt bare
pit streaky

|

i

| Lack D@, excess 3, high pH
| organics

15mm

10mm

24mm

A

. B
Optimum current
fome— P 3

density range
3.4 Spectrographoi| 2|5t 24

3.4.1 AlZ=H
EFYE SHdndld smgy sdIYon 3
w3 high purity carbon powder (Ultra carbon Co.) 10
mgzt & &35 Cupped carbon electrodec] o}z A
9 sk o,
3.4.2 Instrument
£ g4 AR A7 FaRFe O g
ct,
1) Ebert grating spectrograph 3.4m (Jarrell ash Co.
No. 40100)
AR A : 15000grooves/in
2 A% : 5. 0A°/mm(1st order)
o 7] A A : Varisource DC-Arc.
2) photo-processor model 34-100 Jarrel ash Co)
3) Comparator. rocording microphotometer model 23-

2] )tzt; nnal g

e

100 (Jarrel ash Co.)
3.43 wWaug

A 8.E #4938 cupped carbon electrode® Arc stando]
A A7 s o]l e 719 high purity carbon rod
(Ultra Carbon Co.)& =<0 3 &}« Table 139 =
Aoz dFAZT oWl A4gF ¥ A9 =AAE 3
07mm X 38. Imm (ultra carbon 105x)°] »» 105°C#EA # X
st} AgHY T

Table 13. Fxitation and exposure conditions

Spectral region, AOeunneerianad 2400~4880
Slit width,
Slit length,

Filter, ceseecssncatmminrmnnenniansiineiisisnieaninseess
Arc preburning period, sec -e-sesssreearescesnes 1 sec
Arc exposure time, AMpe+eseresraneess 1. 30 sec
Dc arc current time, AMP veereersarressonsans 10
Electrodes distance, MMlessoneervonsossrsannnnse 4

Draft condition, scale seereeecerreniinne 0.5

A4 AeE 3T EFd 6%, FATHEZY
UAcEd 3 ag=dY 7 gFoz FAFe T
R ZEEENS spectrumed Fig.4 8} 7z 74
239 9 YA=FRY spectrume Fig. 59 FHov
y# 5 F9 sample No. 12} spectrogrum-& Fig. 69} 7o,
©] % spectrogrumeoj &3} ¥4~ datat= Table. 148} 7+
£},

EL

wnr

g O

[
P za%’b

Fig. 4. Spectrum of copper sulfate bath and chromium bath



A4 U s34
T ARs 23
Cu Cu
33«1"31. s it

B

il

sty

l .
@l b

1
)

vy

F

i

Fig.5. Spectra of nickel and copper cyanide bath

2497.738

2852.13Mg

3058.83Ni

Al 3082.71 Cy

3247.55
Zn

3282.32
Na

3302.32

-~

2881.52S1
Fig. 6. Spectrogam of nicke! bath No. 1

Table 14 Bath analysls by spectrogram

Impurities Dr&eicikel Bath (%) ](::)}?ridmium Bath(%)
Al 0.1 0.08
Mg 0.45 0.6
Cu 0.7 0.6
Zn 0.5 0.1
Cr 0.04 -
Si 0.2 0.9
Mn 0.06 0.01
Fe 0.2 0.3
Ca 0.47 0.2
Na 0.5 0.3
Bi — 0.1
Pb —_ 0.2
Sn — 0.08
Ni — 0.9

$%Remark : nickel surfate bath—No. 1
chromium bath —No. 29

4 3 W D@
4.1 MEHZEA
1037] =FF4% 46.6% 487 FAol A ¥EF 2
o9 5or 2t Brbssiant. oL EAE

8¢ 5 B9 B A Fehz KE5AI
GAALE Yehitha AL,

ZF3 9450 Sl A E 20210185t 81.3% 2 FHL
ATFRelx TFAAY e FE A€A 0.58 A
5% 3.59 % g A5F FFol FraAAA v
vz sl

AAAGu 24 NYAA2Re FASH = 34.5%,
FARAE 25. 4% AP 2 3AE e o
g2 A S5 E LA B3k gle) AFS 44
go] EAAE A7z

29 QA A gk = AQSt FFEE AT
EA4EAE, EFANEF g 424A Ju] Fol
ARz Y552 gl

42 HE EJ

=239 ATl FAANANA AY AA BE AAe
A FAAe] 3 (e FENAE ¥R Ve
dteh, A AFAz STAEFRE SOAA S 92
o] 1974424 33.3%0l 2 EEFALZR 8} KS
A 9}9] ¥z Table 159 Rz

AAEF AFT=FTL 80%, IAEFTY AL
26.6%] ¥FEE ez e dkd 26.3%< 154
AEL KSAE 233l AY=FE g olF 2
F 493 P4y A =F Fa, U4-E 10.643)
3.9u0 2 77 263%¢) 95%, 3FADE viAHESGL
11.205} 6.1pe2 27 12.4%9 22%, 43 ST
A5 gt 10.9p3 13.5p0.2 A2 9%9 35%
235 5o FHd A% AYxF, §F FAgelA
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Table 15. Inspedion resuit based on KS D 83 2

KS ! Results ‘Rejected
Thick Value | rate
es.‘c LI ) ;Passed )Re]ected‘ Total “ (%)
On Cri 0.25 | 9| ®| | ®
. éClassl(;z); , ! '
CutNi 71773 3: 2. 5
L2 | 5 16 20 2% ’
| 3 100 9 -9
L4200 5 - 5
L5130 — 0~ ;
(64— =
Total 3| 12| 45| 266

A zeroo]w] fALA) FulA A s o
4.3 =39 BN

1) st vy Hull cell £ 24§ 2 spectrograph

Table 16. Bath composition comparison of the result of
chemical analysis with specific gravity table

chart.
s ’ Chemical analysis Table chart
R oo (95 co
o6l — -—| 19 '86.05 — |80
01— e i 100
08 — = — | — 133 14
.09 310 07} 50 134.77| 150 ' 129
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Table 17. Result of the Hull cell test
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