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Table 1 Baths composition during orthogonal test ( mass fraction, %)
No. Mn Ti Ce Ni Cu No. Mn Ti Ce Ni Cu
1 0 0 0 0 0 9 0 0.15 0.10 0.20 0.01
2 0.05 0 0.05 0.05 0.01 10 0.05 0.15 0.2 0.1 0
3 0.10 0 0.10 0.10 0.05 11 0.10 0.15 0 0.05 0.50
4 0.30 0 0.20 0.20 0.50 12 0.30 0.15 0.05 0 0.05
5 0 0.05 0.05 0.10 0.50 13 0 0.30 0.20 0.05 0.05
6 0 0.05 0.05 0.20 0.05 14 0.05 0.30 0.10 0 0.50
7 0.10 0.05 0.20 0 0.01 15 0.10 0.30 0.05 0.20 0
8 0.30 0.05 0.10 0.05 0 16 0.30 0.30 0 0.10 0.01
=2 U CR B R A I AL A () A2 Ak
Table 2 Variation of colors on samples with composition and temperature of baths
No. 2 No. 3 No. 4 No. 5 No. 6
t/ C Color i/ C Color i/ C Color i/ C Color t/ C Color
607 Pale G with P 614 Y-P 581 Y 635 Y toward G 594 B
592 Pale G with P 605 G 575 Light Y 605 Y toward G 583 B
577 Pale G with P 595 G 565 Light Y 596 Y toward G 572 B
566 Pale P with Y 584 G 553 Pale Y 583 Y P 560 B-pP
558 Pale P with pale Y 572 G 540 Pale Y 573 Y-B 548 B-P
550 Light Y 560 G 535 Pale B 561 Y-B 544 p
540 Light Y 547 B-pP 530 B toward violet red 548 Y-B 528 Y with P
526 Light Y 535 B-P 520 B toward violet red 537 Light Bwith Y 515 Local Y
515 Extreme pale B 523 Golden 511 Extreme pale P toward Y 526 Light B 504 Light Y
504 Extreme pale B 511 Pale Y 504 P-Y 512 Light B 499 Licht Y
494 Extreme pale B 487 Pale B 496 Light P-Y 508 B-P with Y 492 Light Y
484 Extreme pale P with pale Y 485 B-gray 490 Y toward B 505 Light Y 482  Extreme light Y
472 Extreme pale P with pale Y 474 B-gray 480 Y toward B 501 Pale P-Y 476  Extreme light Y
460 Light Y 466 P-gray 477 Y 495 Pale P-Y 466 Extreme light Y
450 Light Y 456 Lilac P 470 Y 488 P-B with Y
441 Pale Y 447 Pale Y 465 Y 479 Pale Y
No.7 No. 8 No.9 No. 10 No. 11
t/ C Color t/ C Color i/ C Color t/ C Color t/ C Color
580 G with P 600 P with G 620 Pale Y 592 Gray G 620 Pale Y
563 P with Y 592 Y-G 610 Pale Y 580 Gray- G 610 Pale Y toward B
553 P with Y 572  Lilac P with G 600 Pale Y toward B 573 G-p 600 Light B
546 Light Y 582 G with P 590 Light B 565 Gray G 590 Light B
538 Light Y 561 Violet red with Y 575 B 557 Y-P 575 B
529 Pale B with Y 547 Pale Y toward B 564 Dark B 555 Pale B 564 Dark B
518 B 535 Light B 549 P-B 546 B 549 P-B
507 B-p 527 Light B 540 p 532 B 540 p
495 Pale Y-B 519 B 531 p 517 B 531 p
484 Extreme pale Y 509 P-B 522 p 507 Pale B 522 p
474 Extreme pale Y 501 Y toward P 512 P-Y 497 Dark B 512 P-Y
470 Silvery white toward Y 488 Y 504 Light P-Y 490 Dark B 504 Lilac P-Y
460 Silvery white 478 Y 491 Light Y 478  Pale Y with B 491 Light Y
469 Y 481 Pale Y 470 Local golden 481 Pale Y
461 Y 470 Extreme pale Y 466 Local golden 470 Extreme pale Y
No. 12 No. 13 No. 14 No. 15 No. 16
t/ C Color i/ C Color i/ C Color t/ C Color i/ C Color
608 Dark-gray with pale G 593 Dark-G toward B 593 Pale B-gray 618 Dark- gray 618  B-white with Y
600 Dark-gray with pale G 579 Dark-G toward B 585 Pale B-gray 601 Dark- gray 609 Pale B-white
591 Pale G with P 565 Light B 574 B 589 Dark- gray 597 Light B
580 Pale G with P 552 B 563 B 576 Dark- gray 584 B
567 Pale G with Y 538 Light Y with B 554 B 565 B-gray 570 Dark B
554 Light B with extreme pale Y 526 Light Y 545 Dark B 555 Light B 558 Dark B toward P
542 B with Y 514 Pale Y 535 Light B 545 Light B 546 P toward B
529 Light B with extreme pale Y 497 Pale Y 526 Y with P 533 Pale B 533 P toward B
515 Light B with extreme pale Y 488  Silvery white 514 Light Y 523 Golden with P 521 Light P toward Y
500 Light Y with extreme pale B 479  Silvery white 492 Light Y 513 Golden with P 508 Light P toward Y
480 Light Y with extreme pale B 503  Golden with P 498 Y toward pale P
513 Light Y with extreme pale B 493 Golden with P 485 Y
498 Extreme pale B 483 Light Y 473 Y
485 Extreme pale B 470 Light Y 462 Pale Y

B —Blue, G —Green, Y —Yellow, P —Purple
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Table 3 Estimating results of samples dipped in different baths and cooled in air
No.2 No. 3 No. 4 No. 5 No. 6
t/ C A W t/ C A W t/ C A W t/ C A 14 t/ C A W
607 81 122 614 83 130 581 45 72 635 63 91 594 50 75
592 80 122 605 82 121 575 46 74 605 62 91 583 73 110
577 78 118 595 90 133 565 48 74 596 66 91 572 85 130
566 75 110 584 93 138 553 48 79 583 59 88 560 85 129
558 15 110 572 920 130 540 53 79 573 56 86 548 86 135
550 55 83 560 90 130 535 53 85 561 56 86 544 88 133
540 55 83 547 90 130 530 58 88 548 56 86 528 80 85
526 55 83 535 90 130 520 60 87 537 60 88 515 50 70
515 50 70 523 70 110 511 59 88 526 60 88 504 50 70
504 63 88 511 65 100 504 60 90 512 60 88 499 45 70
494 50 75 487 62 85 496 62 90 508 58 87 492 45 70
484 58 90 485 53 79 490 62 89 505 69 95 482 35 55
472 68 105 474 48 75 480 61 85 501 58 86 476 35 55
460 75 113 466 48 75 477 55 83 495 56 84 466 35 55
450 75 113 456 45 70 470 53 83 488 57 85
441 52 77 447 45 70 465 53
No.7 No. 8 No.9 No. 10 No. 11
t/ C A W t/ C A 14 t/ C A W t/ C A 14 t/ C A 14
580 47 70 600 65 90 620 50 80 592 55 83 620 50 80
563 50 75 592 68 103 610 60 90 580 55 83 610 60 90
553 50 78 572 63 88 600 65 100 573 57 84 600 65 100
546 55 85 582 65 90 590 70 110 565 57 84 590 70 110
538 55 85 561 66 99 575 77 122 557 60 88 575 77 123
529 63 94 547 60 95 564 87 134 555 65 85 564 87 134
518 63 98 535 65 98 549 87 134 546 55 75 549 87 134
507 65 96 527 67 102 540 86 131 532 58 80 540 86 131
495 63 93 519 70 104 531 83 125 517 63 95 531 83 126
484 45 65 509 65 99 522 83 127 507 67 102 522 83 128
474 45 65 501 74 110 512 73 111 497 69 95 512 73 111
470 35 55 488 69 104 504 75 111 490 60 89 504 75 111
460 28 45 478 70 107 491 58 80 478 50 70 491 58 80
469 70 106 481 50 70 470 48 68 470 50 70
461 70 106 470 40 65 466 45 65 458 40 65
450 60 89 461 45 65 40 65
No. 12 No. 13 No. 14 No. 15 No. 16
t/ C A W t/ C A !4 t/ C A 14 t/ C A 14 t/ C A 14
608 57 88 593 57 85 593 45 65 618 25 40 618 45 90
600 57 85 579 63 85 585 45 65 601 25 45 609 60 100
591 57 85 565 58 88 574 60 80 589 25 45 597 63 110
580 60 91 552 63 85 563 53 79 576 28 50 584 70 115
567 55 80 538 58 80 554 53 79 565 30 55 570 77 123
554 50 75 526 60 93 545 53 79 555 37 78 558 77 123
542 53 79 514 55 75 535 60 89 545 55 80 546 77 123
529 53 75 497 45 68 526 50 70 533 60 89 533 77 123
515 53 75 488 30 50 514 60 80 523 62 95 521 76 122
500 48 68 479 28 45 492 60 80 513 62 95 508 76 110
480 50 70 503 60 93 498 63 98
513 32 55 493 60 93 485 60 93
498 48 68 483 60 93 473 60 93
485 40 65 470 50 70 462 60 93

W —Weighted value

A —Average value,
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Fig. 2 Regression curves of estimating value vs immersing temperature of samples
(a) —No.4; (b) —No.6; (¢) —No.7; (d) —No.8; (e) —No. 11; (f) —No. 16;

B —Weighted value; ® —Average value
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Table 4 Extreme difference analysis of maximum value and containing area of weighted value curve

No. Ti Mn Ce Ni Cu Value 1 Value 2 Max of curve
1 1(0) 1(0) 1(0) 1(0) 1(0) 0 0 0
2 1(0) 2(0.05)  2(0.05  2(0.05) 2(0.01) 319.9 184.8 129
3 1(0) 3(0. 1) 3(0.1) 3(0.1) 3(0.05) 515.2 248. 4 137
4 1(0) 4(0. 3) 4(0.2) 4(0.2) 4(0.5) 48.0 0 90
5 2(0.05) 1(0) 2(0.05) 3(0.1) 4(0.5) 123.2 0 94
6 2(0.05)  2(0.05) 1(0) 4(0.2) 3(0.05) 244.8 107. 8 130
7 2(0.05) 3(0. 1) 4(0.2) 1(0) 2(0.01) 64. 8 0 97
8 2(0.05) 4(0.3) 3(0.1) 2(0.05) 1(0) 330.5 31.2 107
9 3(0.15) 1(0) 3(0.1) 4(0.2) 2(0.01) 43.3 0 89
10 3(0.15)  2(0.05) 4(0.2) 3(0.1) 1(0) 80.2 0 94
11 3(0.15) 3(0.1) 1(0) 2(0.05) 4(0.5) 443.9 212.9 136
12 3(0.15) 4(0.3) 2(0. 05) 1(0) 3(0.05) 33.6 0 87
13 4(0.3) 1(0) 4(0.2) 2(0.05)  3(0.05) 44.4 0 87
14 4(0.3) 2(0.05) 3(0.1) 1(0) 4(0.5) 2.6 0 82
15 4(0.3) 3(0.1) 2(0.05) 4(0.2) 1(0) 77.6 0 97
16 4(0.3) 4(0.3) 1(0) 3(0.1) 2(0.01) 478.1 169. 0 125
(1 + I+ M+ IV)/4 220. 8 52.7 291.7 25.3 122. 1
(1 g+ I+ M+ V) /4 190. 8 161.9 113.6 284.7 226.5 . .
(Area contained by weighted value curve over 80)/ 10
(1+ I+ M+ V) /4 150. 3 275.4 222.9 274.2 209.5
(1 + I+ i+ V)/4 150. 7 222.6 59.4 103. 4 129. 4
(I + I+ I+ 1V)/4 108.3 0 122.4 0 7.8
(1 + I+ M+ V) /4 34.8 73: 2 46.2 107.2 88.5
(Area contained by weighted value curve over 100)/10
(1 + I+ M+ IV)/4 53.2 115.3 69.9 104. 4 89. 1
(1 + I+ 1+ IV)/4 42.3 50. 1 0 27.0 532
(I + I+ I+ 1V)/4 89 68 98 67 75
(1 + I+ M+ V)74 107 109 102 115 110
Maximum of curve
(1 + I+ M+ V) /4 406 117 104 113 110
(1 g+ I+ I+ IVp/4 391 102 92 102 101
Extreme different 70.5 222.77 32.3 259.4 104. 4 ( Area contained by weighted value curve over 80)/ 10
Extreme different 73.:5 115.3 122. 4 107.2 81.3 (Area contained by weighted value curve over 100)/10
Extreme different 317 49 12 48 35 M aximum of curve

Value 1 —( Area contained by weighted value curve over 80)/ 10, Value 2 —( Area contained by weighted value curve over 100)/ 10
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Fig. 3 Relation between average estimating value and additive content
(8) —Ce; (b) —Mn; (¢) —Ti; (d) —Ni; (¢) —Cu
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Table 5 Estimating values and colors of samples

after treated in two kinds of baths

Area optimum bath Max optimum bath

t/ C A W Color t/ ' C A W Color

593 67 100 DBluepumle gy gg g5 Cray pale

with yellow yellow- green

579 67 100 DBlepumle o0 g5 53 Gray pale

with yellow yellow- green

566 67 102 Bluepurle gy gq gp3 Light
with yellow gray- green
Light

553 68 102 Light yellow 569 75 114

gray- green

534 73 110 Light yellow 554 84 119  Gray-green

: ! Gray
524 75 112 Light yellow 542 68 103 blue purple
514 82 123  Pale yellow 531 86 131 Blue

502 82 123  Pale yellow 519 90 138 Dark blue
488 87 132 Pale blue 507 85 130 Dark blue
480 78 120 Pale blue 504 87 132  Blue purple
476 82 124 Blue gray 491 87 132 Green
470 80 124 Blue gray 475 85 129 green
462 77 117  Pale yellow 463 84 129 Light yellow

460 63 90 Pale yellow 452 80 123  Light yellow
t —Dipping temperature. A —Average value. W —Weighted value
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Optimization of coloring galvanization baths

LE Qrchi, CUI Jianrzhong, HOU Chumrhong
( School of M aterials and Metallurgy,
Northeastern University, Shenyang 110006, P. R. China)

[ Abstract] Through controlling the immersing temperature of baths and its contents of Mn, Ti, Ni, Ce and Cu, the green, pur

ple, blue and yellow colors were achieved directly on the steel sheets. This kind of coloring zinc baths, obtained by multiple-additives,

has good properties. Percentage method was used successfully to estimate the coloration of samples, and the composition of bath was

optimized by orthogonal analysis; and the optimum baths are gained as Zn-0. IM 0. 05Nr 0. 01Cu and Zn-0. 15T+ 0. IMr0. 1Ce 0.

05Nt 0.01Cu which were verified by experiments.

[ Key words] coloring; hot dip galvanization; baths; orthogonal tests
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