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SUMMARY

For record purposes, experimental test results
and other data on Phase III of Galvanizing Research Project
NF-16 have been collected in the appendices which make up
this report. This phase of the project, which was conducted
by the Mines Branch under the auspices of the Canadian Zinc
Research and Development Committee, was concerned with
study of the galvanizing behaviour of a series of commer-
cially-produced steel sheet materials, Work involved in
preparation and testing of the experimental coatings made,
was carried out in the period, October 1, 1959 to February
23, 1961.

The information included comprises test work done
at the Mines Branch, Ottawa, Ontario, accelerated corrosion
tests made by The Steel Company of Canada, Limited, Hamilton,
Ontario, and statistical evaluation studies done by The
Consolidated Mining and Smelting Company of Canada, Limited,
Trail, B.C. '

Discussion of this phase of the galvanizing
project and of the results contained herein, is to be
covered in a separate research report which will be issued
at a later date.

*Senior Scientific Oificer, Physical Metallurgy Division,
Mines Branch, Department of Mines and Technical Surveys,
Ottawa, Canada.

**Research Metallurgist, Canadian Zinc Research and
Development Committee.
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APPENDIX I

'GALVANIZING DATA, EXPERIMENTAL COATING
PROPERTIES AND RELATED TESTS

by
J.J. Sebisty and R.H. Palmer

INTRODUCTION

The results of experimental work conducted by
the Physical Metallurgy Division, Mines Branch on the third
phase of Galvanizing Research Project NF-16 are given in
this appendix., In this phase, the galvanizing behaviour of
a series‘of commercial steel sheet materials was inveétigated
and assessed by tests on the laboratory-prepared coatings
made. Miscellaneous related tests carried oﬁt'included
examination of the mechanical properties, microstructure

and pickling behaviour of the steel base materials,

The data gilven in this section comprise the
following:
Table 1, Steel grade, composition and mechanical

properties,
Table 2, Experimental galvanizing conditions.
Table 3. Typical galvanizing melt log,

Table 4, Typical galvanizing log.
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Table 5. Chemicai composition of galvanizing baths.

Table 6. Spectrographic analyses of chill-cast bath

samples,

Table 7. Coating test results for typiéal_series of

specimens (as-received steel grades).
Table 8. WAverage coating test results.

-Tablé 9. Ductility,:adherenCe andlsurface appearance

ratihg codes;
Table 10. Steel weight lost by pickling.

_Table 11.. Mechanical;properties of alloy steels after

galvanizing.

Metallographic andAsurfacé examination of steeis;v




TABLE 1

Steel Grade, Composition and Mechanical Promertiss*

s
, . 0.2% Ratio El. Rockwell Hardness
Steel Grade of Steel UIS offset YIS % in Erichsen¥*x*
No. and Condition Gauge C.Z2 P% S% Mn% Si%Cu%Cr 3NigAl % V% kosi kosi to ULS 2 in. 30T Rb _Cup Depth - in.
1 Galvanizing grade, as-received 24 0.05 0,010 0,026 0.30<0.01 - - - 0,007 =~ 45.6 35,7 0.78 36.6 5.7 44 0.331
2 Galvanizing grade, cold rolled- : .
5% reduction 50,1 45.3 0,90 26,7 65.3 73 0.294
3 Galvanizing grade, cold rolled-
15% reduction 9.6 41.6 0,96 15.6 69.0 78 0.278
4 Armeco iron, as-received 24 0.019 0,010 0,017 0,03 0,03 = - - - - - - - -  41.0 38 0.382
5  Armeo ironm, cold rolled-
155 reduction - - - - 61.8 67 0.296
6 Aluminum-killed, as-received 2/ 0.12 0,009 0.024 0.28 0.07 = - - 0.060 - 5,0 27.1 0.60 39.8 42.0 39 0.413
7  Aluminum-killed, cold rolled-
155 reduction 50,4 48.0 0.95 21.6 63.2 70 0.315
8 Hot-rolled normalized, ’
as-received 14 0.04 0.003 0.02 0.26 0,01 - - - 0,006 = 51,7 4l.4 0.80 38.0 56.3 60 -
9 Hot-rolled normalized, cold . .
rolled-15% reduction 2.1 61.0 0.98 11.1 71.0 81 -
10 Full hard, as-received 2, 0,06 0.019 C.025 0.31 <0,01 - . = - 0.00A - 103.0 99.2 0.96 2.0 8lL.0 99 0,200
11  Botile top, as~received 2, 0.15 0.012 0.028 0.58 0,02 =~ - - 0,002 - 52,1 37.4 0.72 34.3 52.8 - 54 0.336
12 Botbtle top, cold rolled-
15% reduction 59.8 59.9 1.0 8.9 71.8 82 0,294
13 Alloy steel A, as-received 1 0.09 0.025 0.029 0.49 0.38 0,27 0,29 0,32 - -  72.4 55.9 0.77 30.5 70.8 81 -
14, Alloy sbteel B, as-received 14 0.15 0.006 0,020 1,10 0,03 0.3 - = 0.05 0.08 83.8 644 0.77 25.6 77.4 92 -
. sol
0.01
insol
15 Alloy steel C, as-received 16 67.9 53.8 0.79 29.7 70.9 81 -

0,08 0.075 0.031 0.38 0.29 0.31 0.45 0.30 - -

#Tensile and hardness values are averages of six or more determinations.

#%Dinmeter of ball and die orifice:

0.875 in. and 1.0 in., respectively.
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TABLE 2

Experimental Galvanizing Conditions* -

Immersion Steel Dipping*¥

s Bath No, - Fév % Al - % Pb_ % Time,.sec - —SeQuence
1 0.03 015 03 . 35 11,14,13,9,6,1,4,15,8,10,3,7,12,2,5
2 " 0.15 0.3 0. 5,3,6,11,2,15,8,7,13,9,1 14,16 412
3 " 0.075 0.3 60 819,3,2,14,1,5,11,15, 10,13,1? 4y,
4 " ',o;d 0.3 10 T5412,12,1 ,13,15, 3,14,9,5 6,10,11,8
5 " 0.075 0.3 3 1,3,10,12,3,14,2,6,9,15,4,13,7,5,11
6 " 0.0 0.3 3 13,7,15,3,9,4,2,5,12;1,11,8,6,10,14
7 " 0.15 0.3 10 . 8,2,4,3,14,7,13,10,6,5,9,11,12,15,1
8 " - 0,0 0.3 60 5,6,10,2,12,1,15,;11,7,14,8,4513,3,9 -
9 " 0,075 © 0.3 . - 60  1,10,14,4,8,2,6,12,5,7,9,3,15,11,13
10 " 0.075 0.3 35 13,8,7,9,11,15,1,2,10,3,12,5,6, 4,14
11 " 0.15 0.3 10 3,14,11,15,10,1,13,9, 8,4,2,5 6,7 12
12 ! 0.075 0.3 10 12,6,14,13,15,1,11 14,8510, 3,7,2,955
13 " 0.15 0.3 60 10,7,5,2,8,1,3,13,6,14;15,12,9,11,4
14 " 0.0 0.3 10 1,2,8,13,5,15,3,11,10,7,4,12,6,9,14
15 u 0.5 0.3 35 8,10,4,11,12,3,6,14,13,2,15,5,7,9,1
16 " 0,075 0.3 0 10 2,11;5,12,1,9,8,3,15,4;10,6,7,14,13
17‘: n 0.0 0.2 " 60 ' 13,2,7,11,5,15,8,14,9,4,10,12,3,6,1
18 " 0,0 03 - 3 10,955,214y 3,4511,13,8,12,15,6,7,1
Ezagz;mgnﬁ_iﬂi. : ,
19 " 0.0 1.0 240 T14s2512,1,13,15,3,14,9,5,6,10,11,8
20 L 0.0 1.0 120 | 13,7,15,3,9,4,2,5,12,1,11,8,6,10,14
21 " 0.0 : i.o 60 556,10,2,12,1,15,11,7, 14,8,4,13,
22 " 0.0 1.0 240 1,2,8;13,5,15,3,11,10,7,4,12,6,9,14
23 " 0.0 1.0 60 13,2,7,11,5,15,8,14,9;4,10,;2;3,6,1
24 u 0.0 1.0 120 10,9,5,2,14,3,4,11,13,3,12,15,6,7,1
25 " 0.0 0.3 240 73452512,1,13,15,3,14,9,5,6,10,11,8 -
26 n j_ 0.0 . 0.3 120 13,7,15,3,9,4,2,5,12,1,11,8,6,10,14
27 " 0.0 . 0.3 240 $1,2,8,13,5,15,3,11,10,7,4,12,6,9,14
| 28 s 0.0 . 0.3 120 10,9,5;2,14,3,4,11,13,3,12,15,6,7,;

*Bath temperature for all tests:

g 4)ooc (840°P)

*¥Four, 4 in, by 6‘in. and two, 3 in. by 4 in. panels of each grade of steel were galvanized

in order indicated in each bath.

For tensile testing, three e/tra panels of each of the

alloy grades, A, B and C, vere paIVanized in babhs ?, 3, hs T, 8 and 1z,




-5

TABLE 3

Iypical Gelvanizing Melt Log

Mines Branch NON- FERROUS_SECTION
Physical GALVANIZING MELT 1OG

Metallurgy Division

Project: NF-16

‘Date: June 8, 1960

Melt No, KN (Bath No, 13)
Charge 36 1b

Second sample 0.027 20.149 0.31 !After dipping steels 10, 7, 5, 2

Third sample 0.028 io.145 0,29 { "
Fourth sample 0,029 (0,147 [0.30 | U

Final sample 0.030 0.142 | 0.30 " n

8, 1, 3, 13
6, 14, 15, 12

9, 11, 4

Metal Composition Form Amount
Zn 99.99% ingot 30 1b, 3 oz
Pb 99.99% . sheet, Vi I S
In-Fe master 0.30% Fe shot 1590 g
Zn-Al master 4.O% AL shot 620 g
Procedure Time . Temp Remarks
Furnace on i 8.30 am
Zinc charged 8.35 am
’ Alloying: Pb 8.35 am
| Zn-Al master| 10.30 am 475°0
Zn-Fe master | 10.45 am 478°C
Zn~Al master Extra additions .
made during galva~
nizing ;
J
Poured to ingot after ;
galvanizing _ 6.30 pm i
Bath Composition l Fe % IAl % |Pb % Remarks
Nominal 0.03 0,15 10,3
Actual !
f
Start 0,028 '0.155 | 0.30 | Before galvsnizing
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TARLE 4

Lypical Galvonizing log

Mines Branch

Physical N
Metallurgy Diviasion

" NON-FERROUS SECTION

GALVANIZING LOG .

Projecti NP-16

Date: June 8, 1960

Melt No, XN (Bath No. 13)

Material Treated

60 panels, Z in. by 6 in,
30 psnels, 3 in., by 4 in,

ésbeels 1 to 15;

steels 1 to 15

Pickling ’
Sample No. | Acid Concentration | Inhibitor | Time & Temp Rinse
A1l 5% H80, solution ,1/2% by volume| 5 min at 70°C | Scrubbed and ringsed for -1 min
of acid - in cold running water. Dried
(Rodine 92) : in acetone
- ' ) i
Fluxing _ y
Sample No. | Flux Composition Density } Time & Temp Drying Time & Temp
A1l zinc chloride~ 10.4° Baume E 1 min at 80°C | 1.5 to 2 min at 160° to 170°C
ammonivm chloride ' : .
(1,27:1.35 ratio
£lux)
!
Galvenizing
! Bath Temp |Immersion | Immersion |Withdraval
Sample No. !Steel °C Speed Time . Speed: Remarks —
| : ' H :
10N 1 to 4 | 10 450 bo 452 ¢ 6 fpm | 60 sec 3 3 fpm '
TN L to 4 T | 448 ko 450 | m : " } "
5N 1o 4 5 | 450 to 451 . v i " oo
. : ; ; : _
2N Lltos4 0 2 | 450 - o . G |40 g Zn-A1 master added
, E i | i )
BN Ltod | 8 | 48t 450 [ g " Lo
. P : | E :
{ AN 1 4o 4 t 1 1 450 - " . I i " !
} ! : i | H
P3N Llto 4 | 3 ' 450 to 452 " P o
! ; : ' e . 1 :
13N 1 to 4 13 : 449 to 450 " : " : " 40 g Zn-A) master added
‘ : 5 | ! :
6N 1 to 4 6 1 450 o 451 " " : u
7o ; ,
N1 to 4 | 14 | 449 to 451, n u
1N 1 to 4 115 | 449 bto 452 Wb "
! ‘ . N
120 1 to 4 | 12 ; 450 to 451 " " : " 140 g Zn-Al master added
ON 1 to 4 9 | 450 to 452 n " "
H i , 14
| 11N 1 to 4 | 11 | 450 to 451 " " "
1 to AA% L 449 to 452 " " "
Lo ,

Steel Welght Loss Specimeng

i After galvanizing of each group of large panels, two, 3 in. by 4 iu. panels of corresponding
steel in each case were dipped for 60 sec by mamual. immersion and wibhdrawal (approx. & fpm).




TABLL 5

Chemical Composition of Galvanizing Baths*

Bath No. Sample No. Fe % Al % Pb %
Experiment "A"
1 N 0.03 0.15 0.3
1 0. 027 0.146 0,26
2 0.029 0.146 0.26
3 0.029 " 0.154 0.26
A 0.030 0.154 0.26
5 .0.030 0.144 0.26
2 N 0.03 0.15 0.3
1 0.029 0.155 0.29
2 0.030 0.149 0.29
3 0.030 0.149 0.29
4 0.030 0.142 0.27
5 0.031 0.139 0,27
3 N 0.03 . 0.075 0.3
1 0.030 0. 077 0.31
2 0.033 0.070 0.30
3 0.036 0.C70 0.30
A 0.037 0.C67 0.28
5 0. 040 0.067 0.29
4 N 0.03 - 0.3
1 0.030 - 0.33
2 0.030 ‘ - 0. 34
3 0.030 - 0.33
A 0.031 - 0.33
5 0.0C32 - 0.34
5 N 0.03 0.075 0.2
1 0,029 0.073 0.31
2 0.032 0,070 0.321
3 0. 034 0.067 0.31
A 0,036 0.C68 0.28
5 0.037 0.C65 0.28
6 N Oo 03 - 003
1 0.030 - 0,30
2 0.032 - 0.32
3 0.C30 - 0.33
4 0.032 - 0.33
5 0.033 - - 0.34



_TABLE 5 (Cont'd)

Chemical Composition of Galvanizing Baths*

.Bath No, " Sample No. - Te % Al % .. 'Pb . %
7 N 0.03 0.15 0.3
. 1. 0.030 0,152 ~  0.30

- 2. .0.028 0.148 0.29
A 0,028 0,146 - 0.28
5 ~.0.029 0.147 0.30
8 ‘N 0.03 - 0.3
-1 - 0.030 - 0.32
-2 0.031 - 0.33
3 0.030 - 0.31
VA 0.033 - 0.31
5 0.035 - - 0.32
9 "N 0.C3 . 0,075 0.3
1 0,029 0.071 0.31
3 0.032 0,069 0.29
A 0.033 0. 066 0.29
-5 0,033 0,065 0.28 -
10 N 0.03 0.075 0.3
: 1 0.030 0.072 . 0.29
2 0.033 ‘ 0.C69 0.21
3 0.033 0.069 - 0.31
5 0,036 0.072 0.31
11 N 0.03 0.15 0.3
1 - 0,029 0.148 0.31
2 0.029 0.140 0,29
3. - 0.028 0.139 0.32
4 0.028 0.140 0.21
5 0. 027 0.145 031
12 N 0.03 0.075 0.3,
1 0.029 0.078 . 0.29
2 0,032 0,072 0,29
3 0.033 "0.070 - 0.20
A 0,035 0.074 . 0.30
5

0.036 0.079 0.31




TABLE 5 (Cont'd))

Chemical Composition of Galvanizing Baths*

Bath No. Sample No. Fe % M % Pb %

13 N 0.03 0.15 0.3
' 1 0.028 0.155 0.30
» 2 0,027 0,149 0.31
’ 3 0.028 0.145 0.29
A 0.02% 0.147 0.30
5 - 0,030 0.142 0.30
14 x N 0.03 - 0.3
1 0.029 - 0.31
2 0.03L - 0.31
3 0.032 - 0.28
4 0. 031 - 0.28
5 0.033 - 0.29
15 N 0.03 - 0.15 0.3
1 0.031 0.156 0,30
2 0.030 0.145 0.30
3 0.029 0144 0.30
L 0.030 0.143 0.30
5 0.028 0.144, 0.30
16 N 0.03 0.075 0.3
1 0.028 0.073 0.31
2 0.030 : 0. 069 0.31
3 0.032 0.074 0.28
4 0.035 0.078 0.31
5 0.036 0.076 0.32
17 N 0.03 - 0.3
l O‘ 033 - Oo 32
-2 0.035 - 0.32
3 0.035 - 0.31
4. O. 035 - 0.29
5 0.035 - 0.29
18 N 0.03 - 0.3.
1 0.030 - 0.32
2 0.031 - 0.32
3 0.031 - 0.31
4 0.031 - C.32
5 \0.032 - 0.33



TABLE 5 (Contd)

Cheniical Compositiqn of Ga_lvanizing Bathg*

Bath No. Semple No.  Fe % A g Pb %
- Experiment "B" . .
< 1 0,026 - 1,02
3 0'029 ¢ - 1'08
4, 00031 ’ - 1-11
5 . 0-032 - 1013
20 N 0,03 - - . 1.0
' 1 0,029 - 1,07
2‘ 0-028 - 1-07
3 0. 028 - 1.07
4 0,028 - 10.99
5 10,029 . - 1,12
21 N 0.03 - 1.0
1 0,07 - 0s95
2 0.028 - 0.99-
3 0.028 - 0.97
22 N 0.03 - 1.0
2 0.030 - 1.05
3 0.030 - :1.05
4 0. 0R9. - ‘1,05
5 0,032 - 1,03
23 N 0.03 - 1.0
1 0,026 - - 0.93
.2 0,028 - 0.99
3 0.028 - 1,02
A 0. 029 - 1.04
5 0.030 - 1.06
24, N 0.03 - 1.0
1 1 0.027 - 1.02
2 0.030- B 1.04
4 0.031 - © 1,07
5 - 1

0.033

L]
R
[
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TABLE 5 (Cont'd)

Chemical Composition of Galvanizine Baths*

Bath No. Sample No. Fo % Al % Pb %
25 N 0.03 - 0.3
: 1 0.029 - 0.32
2 0. 033 hnd 0034
3 0.032 - 0.33
4 0.031 - 0.33
5 . 0.033 - 0.33
26 N 0.03 - 0.3
1 0.029 - 0.3%
2 0.031 - 0.33
3 0.029 - 0.33
L 0.030 - 0.32
5 0.032 - 0.34
27 N 0.03 - 0.3
1 0.029 - 0.32
2 0.030 - 0.32
3 0.033 - 0.34
4 0.035 - 0.34
5 0.036 - 0.34
28 N 0.03 - 0.3
1 0.030 - 0.31
2 0.033 - 0.32
3 0.033 - 0.31
4 0.033 - 0.33
5 0.033 - 0.34

* N ~ Nominal composition.
1, 5 - Sample at start and end of run, respectively.
2, 3 & /4 - Samples token after dipping 16, 32 and 48 large panels,
respectively. . '




, Bath No,
19

20
21
22

| 23
24
25
26
27

28

*¥31i % and V % in all samples:
Ag % in all samples:
Ca % in all samples:

*¥Baths sampled at start and end of esch galvanizing run.

Digo¥i
Sample .

1C
LG

1D
LD

N - N N NHE N N

heR o hel o

Pb %
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TABLE 6

Spectrographic Analyéés of Chill~Cast Bath Samplaes¥®

- gd 4

Cu %

Fe %

0,81
0.93

0.95

S L1l

0.99
1.17

0081 :

1.02

1.00
1.04

- 0.99

1,06

0.31

0.33

0.30
0.32

0.32
0.33

0.30

0.33

0.0003
0. 0003

0. 0003
0.0003

0.0003

0.0003

0. 0003
0.0003

0. 0003
0.0003

0.0003
0.0003

0. 0003
0, 0003

0, 0003
0.0003

0.0003
0.0003

0. 0003
0. 0003

Tr

0.0008
0.0014

" 0, 0007

0. 0013

0. 0009
0,0017

0.0006
0.0012

0.0009
0.0016

0.0008
0.0014

0. 0004,
0.0013

o. 0007

.0.0014

0.0005

- 0,0018

0.0008

0. 0015

0.032
0.035

0.033
0.036

0.028

0.033

0,031
0.034

0.026
0.032

0.029
0.030

0.031
o. 033

0.030
0.033

0.032
0.031

0.034

0. 033

ND <0, 00L%

0, 0002%

Mn. 20

ND <0.0C0L

~ 0. 0004

ND <0, 000L
0, 0006

ND <0, 000L
0. 0007

ND <0.00QL

0.0004

.'ND <0.0001.
0. 0007

ND <0.000L
0.0005

ND <0. 0001
0. 0006

ND <0.C000L
0. 0007

ND <0, OO0L
0. 0006

ND <0.00CL

0, 0005

Cr z
ND <0.0001
ND <0,0001

ND <0, 000L
0. 0001

ND <0, 000L

0. 0001

ND <0.000L
ND <0, 000L
ND <0.000L

0. 0001

ND <0, 000L
0, 0001

ND <0,000L
0. 0001
ND «0,0001
0.000L

ND <0.000L

0.0002

ND <0,000L

0.000L

N %

ND <0.000L
0. 0003

ND <0.000L

0.0003

ND <0, 000L
10,0003

ND <0.000L
0. 0003

0. 000L
0, 0003

0. 0001
0. 0003
0,000L
0.0003

ND <0. 0001
0.0003

ND <0, 0001
0. 0003

ND <0.000L
0. 0002

CALZ

ND <0, 00L
ND <0.00L

ND <0,00].
TR <0.001

ND <0.00L
0. COL

ND <0.00L
ND <0.00L

ND <0. 00l
ND <0.00L

ND <0. 001
ND <0.00L

'ND <0.00L

ND <0.,00L

ND <0.00L
TR <0, 00L

ND <0, 001
ND <0.00L

ND <0, 001
ND <0.,001
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Tallb 7

Coatiny feat itesults for Typicnl Serins of Svecimans® (As-vecelved 3teel Srades)
“leel Wh.  Alloy  Proportion ““Spangles Alvaime in
Bath Stasl Coaling Wt Iron Cuntent Losg Thicknoss of ‘1lloy Ductility Adhercnce (or grains) Spangle Brightness Roughness Soabing
0, 0 - _gheot mg/sq £t gle? _¢/m2___mn x 103 S pex,_in.2 _Contrast %
5 1 1.35 1903 20,5  20.5 Yi.5 61,2 2.5 5.0 128 1.5 2,0 1.0 0.25
5 1 - - - 2044 - - - - 128 1.5 2.0 1.0 -
10 b 1.33 1374 20,2 19.7 17.5 62,3 2.5 5.0 128 1.5 2,0 1.0 0,25
10 1 1.32 1318 196 19.7 - - - 5.0 128 1.5 2.0 1.0 0.26
5 I 1.40 1848 19.9 . 20.9 13.1 61,1 2.5 5.0 128 1.5 2.0 1.5 0.20
5 4 1.40 1845 19.9 2044 - - - 5.0 128 1.5 2,0 1.0 -
10 4 1.36 1832 19.7 19.4 17.8 61.8 2.5 5.0 128 1.5 2.0 1.5 0.27
10 4 - - - 19.7 - - - - 128 1.5 2.0 1.0 0.29
5 6 1.1 1960 21,1 20,6 20.0 55.6 2.5 heb 128 2.0 2.0 1.5 0.23
5 6 1.47 1903 205 21.0 - - - 5.0 128 2.0 2.0 1.5 -
10 6 1.39 1789 19.3 20.4 19.8 67.3 245 5.0 128 2.0 2.0 1.5 0.28
10 6 - - - 21.2 - - - - 128 2.0 2.0 1.5 0,28
5 8 1.63 2953 31.9 20.6 2549 Th.2 - - 128 2,0 2.0 2.5 0.25
5 8 1.66 2939 N7 20.6 - - - - 90 2.0 2.0 5 -
10 8 1.65 3053 3.9 19.7 25.6 T34 - - Q0 2.0 2.0 2.5 0.25
10 8 - - - 18.8 - - - 128 2.0 2.0 2.5 0.24
5 10 1.48 2016 217 25.6 17.5 56.0 2.5 5.5 256 2,0 2.0 1.0 0.23
5 10 - - - 24.6 - - - - 256 2.0 2.0 1.0 -
10 10 1.50 2215 23.9 244 17.5 56.0 2.5 5.5 256 2.0 2,0 1.0 0.24
10 10 1.45 2116 22.8 244 - - - 545 258 2.0 2.0 1.0 0.27
5 1 .35 2059 22.2  2%.4 17.4 60.4 2.5 5.0 362 2.0 2.0 1.0 0.21
5 11 1.37 2144 231 24.5 - - - 5.0 362 2.0 2.0 1.0 -
10 11 1.35 2343 25,2 23.8 17.5 61.2 2.5 5.0 362 2.0 2.0 1.0 0.23
10 11 - - - 2442 - - - - 362 2.0 2.0 1.0 0,29
5 13 - 0.91 1164 12.5 20.9 5.3 27.5 - - 256 2.5 2,0 2.0 0.19
5 13 - - - 20.4 - - - - 256 .5 2.0 2.0 -
10 13 0.90 1264 13.6  21.0 A5 23.1 - - 256 2.3 2.0 1.5 .23
10 13 0.94 1173 12,7 20.3 - - - - 256 2.5 2.0 2.0 0.22
5 14 1.91 2435 26.8  18.5 23.5 53.2 - - 256 3.0 3.0 4.0 0.19
5 14 - - - 18.6 - - - - 256 3.0 3.0 4.0 -
10 14 1.59 1463 15.8 18.8 22.8 [ - - 256 3.0 3.0 4.0 ]
10 14 1.63 1647 17.7  19.7 - - - - 256 3.0 3.0 4.0 0.21
5 15 1.06 866 9.3 .2 10.5 46.7 - - 236 3.0 2.0 2.5 0,20
5 15 - - - 31.4 - - - - 256 3.0 2.0 245 -
10 15 1.06 806 9.3 2.2 10.0 46.0 - - 26 .0 2.0 2.5 0,24
10 15 1.00 3380 9.5 32.0 - - - - 3 3.0 2,0 2.5 Q.25

*Alloy thickness values are averages of twenby measuresonus on single sanplos.
For ductility, adhercuce and surface appearance raling codes, see Tublo 9.
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TARLE 8

warage Coating Test Reoults

SERLE I LR L

B . Gpangles - Aluninun  Lend
. Steel W&,  Alloy  Proportion . (or grains) . . in in
- Bath S8tesl Coating Wt. Iron Contenh Loos Thickneas of Alloy Ducbility Adherence per Spangle PRrightnecs Smoothness Coating Coating
Ho N o%/8q fb-ghe o/pa C_g/n? __p/n? mn x 1073 % in.2 Conlragt . 2 b
. Exporimont MAT .
1, 15 1 0,50 2,1 2,6 bedy 1.5 14e2 1.0 1.0 128 345 1.0 1.5 0,60 -
2 0.49 241 2,6 45 1.5 14.0 1.0 1.0 128 345 2.0 1.5 0.61 "
3 0,50 20/, 2.2 39 1.1 10.1 1.0 1.0 128 3.5 1.5 1.5+ 065 -
4 0449 222 2 . 54 1.5 142 1.0 1.0 128 " 345 1.5 1.9 0,60 -
5 0.52 232 2.5 4.8 1.5 13.3 1.0 1,0 128 T 3.5 L 2.0 1.8 0.52 -
6 - 0,52 170 1.8 504 0.8 6.9 1.0 1.0 128 3.5 2.0 2,0 0.67 -
7 0,55 213 2.3 6.1 0.8 6.2 1.0 1.0 128 3,5 2,0 2,0 0.65 -
8 . 0.61 324 3.5 549 1.5 11.6 - - 128 3.5 -2.0 3.1 0,60 -
9 0,72 565 6,1 7.2 245 16.2 - - 128 3¢5 2,0 34 0.64 -
10 .27 2115 22.8 25.5 16.1 59.2 2.0 4e5 182 2.0 2.0 1.5 0,56 -
11 0,54 334 3.6 6.8 1.5 13.2 1.0 1.0 362 3.5 2.0 1.6 0.63 -
12 0.56 287 3.1 3.0 1.2 9.1 1.0 1.0 362 3.5 2.0 1.5 0,57 -
13 0,79 842 9.1 18.2 0.8 4ed - - 256 - 3.5 1.5 3.0. 0.57 -
14 0,77 574 6.2 - 11,7 1.9 11.7 - - 256 3.5 2.0 4.0 0,57 -
15 2426 2640 28,5 33.4 19.4 39.8 - - 362 3.0 3.c 1.6 0.48 -
2, 13 1 0.59 315 3 5.4 2.6 17.7 1.3 1.0 128 3.5 2.0 1.9 0.63 -
2 0.59 278 3.0 5.2 1.5 11.8 1.0 1.0 128 3.5 2.0 2,0 0.72 -
3 0,53 232 2.5 48 1.5 13.8 1.0 1,0 119 2345 2.0 2.0 0,66 -
4 0.73 380 4 6.3 2.5 16.1 1.0 1,1 128 3.5 2,0 2,0 0.56 -
5 0,53 259 2.8 48 1.5 3.4 1.0 1.1 128 345 1.0 2.0 0,72 -
6 0.74 370 4.0 6.1 2.5 15.9 1.0 1.1 109 3.5 2.0 2,0 0.68 -
7 0.70 352 3.8 6.2 2.5 16.6 1.0 1.0 109 3.5 2.0 2.0 .77 -
8 0.63 436 4t 5.8 4e3 17.4 - - 100 3.5 2.5 3.5 0.68 -
9 0.97 965 10.4 92 5.8 26. - - 90 3.5 2.5 3o 0.58 -
10 1,63 2545 27.5 30.8 21.0 60.0 2.5 46 90 2,0 2.0 1.0 0.61 -
11 0.63 AN 8.0 9.8 3.8 22.3 1.0 1.0 362 3.5 2.0 2,0 C.61 -
12 1,02 861 9.3 12,7 5ed, 25.2 1.0 1.0 362 3.5 2.0 1.2 0.60 -
13 0.26 1019 13.0 21.4 2.0 9.9 - - 181 3.5 2,0 3.0 0.60 -
14 0.90 704 7.6 1.9 47 23.1 - - 181 3.5 2.0 4.0 0.67 -
15 1.73 1158 12,5 44,49 7.5 20.2 - - 181 3.0 3.0 1.5 0.51 -
3 9 1 1.66 2458 26.5 25.3 23.2 66.4 3.0- 5.5 50 1.4 1.8 1.0 0.27 -
2 1.63 2478 26.7 2547 22.9 66.2 3.0 545 45 1.4 1.5 1.0 0,27 -
3 1.64 2403 25,9 25.2 23.0 66.0 3.0 5.5 35 1.4 1.8 1.0 0.27 -
A 1.78 2365 25.5 . 26. 23.9 63.2 3.0 6.0 112 1.6 2,0 1.0 0.25 -
5 1.66 2310 24,9 25.2 23.4 66.0 3.0 6.0 64 1.5 2.0 1,0 - 0,28 -
6 1.88 2460 26.5 25.7 2445 62.5 3.0 5.3 50 1.5 2.0 1.5 0.26 -
7 1,21 2618 28.2 26.5 - 2443 60.3 3.0 5.3 A5 1.5 2.0 1,3 0.25 -
8 2,06 3640 39,2 28,8 33.3 75.8 - - 83 2.5 12,3 2.5 0.27 -
9 . 2.0 3462 37.3 28.5 33.0 75.1 - - . ‘83 2.5 2.5 2.5 0.27 -
10 .1,9 . 2858 30.¢8 3.1 26,2 65.0 3.0 6.0 109 1.9 2.0 1.0 .26 -
11 1.70 2762 29.8 26.3 24.3 67.5 " 3.0 5.5 181 2.0 2.0 1.0 0.28 -
12 1.69 2700 29.1 26.2 24.2 67.6 3.0 5.5 200 2.0 2.0 1.0 . 0.29 -
13 1,01 1558 16.8 229 6.1 . 28.3 - - 161 2.5 2.0 2.0 0.25 -
14 2.20 2805 30.9. 26.3 33.0 7.1 - . - 256 3.0 3.0 4.0 0.27 -
15 2.14 2062 22.2° 425 11.8 28.5 - - 181 - 3.0 3.0 2.5 0.27 -
fy 14 1 1.1 1605 17.3 15.3 15.5 52,0 2.5 5.5 23 2.0 3.0 1.5 - 0.18
2 1.32 1532 16.5 15.5 15.4 5544 2.0 53 23 2.0 3.0 1,5 - -
3 1.31 1458 15.7 14.9 15,6 3546 2.0 542 23 2.0 © 3.0 1.5 - -
A 1.35 1578 17.0 15.2 16.2 5644, 2.5 5.5 23 2.0 3.0 1.5 - -
5 1.36 1568 16,9 15.1 16.2 56.5 2.G 5.5 23 2.0 2.0 1.5 - -
6 141 1642 17.7 15.5 13.0 59.9 2.3 545 32 2.5 3.0 1,5 - 0,17
7 1.40 1745 18.8 15.8 18.8 63.5 2,5 55 32 2.5 3.0 o - -
! 8 1.63 2262 2hed, 13.1. 16.6 53.8 - - 23 2,5 4.0 2.0 - 0.20
9 1.67 2338 2542 13.5 16.8 53.0 - - 23 2.5 440 2.0 - [ )
10 1.43 1708 18.4 19.5 | 175 57.9 2.0 5.6 32 2.5 3.0 1.5 - 0,17
1L 1.22 1699 18.3 16,5 154 7 55.2 245 5.5 18 2.5 3.0 1.5 - -
12 1424 1485 16,0 16.0 143 50.3 245 A 18 245 3.0 1.5 - -
13 2.03 2315 30.3 23.7 25.4 58,6 - - 16 3.5 3.2 1.5 - 0.23 -
14 To2.08 2660 287 18.2 25.0 563 - - 16 345 < heb 3.0 - 0.2C
15 1,64 2460 26.5 20.¢ 25.0 12.1 - - 8 2,0 4.0 1.5 - 0.1€
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TABLE 8 (Cont'd)

Averege Coating Test Resulbs¥

v
i . o Spanglas Aluninum  Leal
| Steol Wt. Alloy Proportion (or grains) in in
Bath 8teel Goating Wh. Iron Contant Loss Thickness of Alley Ductility Adherence per Spangle Brightness Smoothness Coating Coating
‘ No No, _oz/sg b ~ pheot mg/sa £t g/m?_ p/m? mn x 103 % in.? Contrast % 2
5, 10 1 1.33 1865 20,1 20.1 17.5 61.8 2.5 540 128 1.5 2,0 1.0 0,25 -
2 1.33 1865 20,1 19.8 17.4 62,5 2.5 5,0 128 1.5 2,0 1.0 0.24 ~
3 1.31 1838 19,8  19.6 17.2 62,3 2.5 5.0 128 1.5 2,0 1.0 0.26 -
4 1.39 1838 19,8 20.1 18.0 61.5 2.5 5.0 128 1.5 2.0 1.3 0.25 -
5 1.32 1800 19.4 20,4 11.5 62.0 2.5 5.0 128 1.5 2,0 1.3 0.26 -
6 1.42 1882 20.3 20.8 19,9 66.5 2.5 4.8 128 2.0 2,0 1.5 0.26 -
7 147 1882 20,3 20,3 19.8 67.5 2.5 L5 1ig 2,0 2,0 1.0 0.25 ~
8 1.65 2985 32.2 19.9 25.8 73.8 - - 109 2.0 2.0 25 0.25 -
9 1.63 2922 31.5 20.6 246 .4 - - 128 2.0 2,0 2.5 0.24 -
10 1.48 2118 22.8 247 17.5 56.0 2.5 545 256 2.0 2.0 1.0 Q.25 -
11 1,36 2180 235 24.2 17.5 60.8 2.5 5.0 362 2.0 2.0 1.0 0.26 -
12 1,33 2162 23.3  24.0 16.7 58.9 2.5 5.0 362 2.0 2.0 1.0 0.27 -
13 0.92 1198 12,9 20,8 49 25.3 - - 256 2.5 2.0 1.9 0.21 -
14 1.71 1865 20.1 8.9 23.2 62.5 - - 256 3.0 3.0 40 0.21 -
15 1.04 872 9.4 3.0 10.3 46,4 - - 23 3.0 2,0 2.5 0.23 -
6, 18 1 1.79 2142 23.1 22,1 18.9 9.8 3.0 5.5 16 2.3 3.0 1.5 - @16
2 1.58 1985 24 227 17.4 52.4, 3.0 5.5 16 2.4 3.0 1.5 - -
- 3 1.55 1920 20,7 211 16.9 51,1 2.5 545 16 2.4 3.0 L5 - -
4 - 1,78 2118 22.8 21.9 - 19.3 51.0 2.5 545 16 2.5 3.0 1.5 - -
5 1.66 2035 21.9 2.0 19,6 55.9 2.5 5.5 16 2,5 3.0 1.5 - -
6 1,99 2382 25.7 249 23.5 55.3 2.8 5.5 16 2.6 3.0 1.5 - 0.5
7 1,92 2403 25,9 26,9 22.9 5642 2.5 5.5 18 2.6 3.0 1.5 - -
8 1.98 2638 28,4 171.6 23.7 56.0 - - 16 2.5 3.5 2.0 - 0.20
9 2,14 2710 29,2 20.1 23.9 52,5 - - 15 2.5 35 1.8 - 0,19
10 1.82 2258 243 28.2 22,7 58.5 2.0 5.5 16 2.6 3.0 1.5 - 0.16
11 1.79 2262 244 248 22.6 5944 2.5 5.5 16 2.6 3.0 1.5 - -
1z 1.59 2105 22,7 241 19.0 56.1 2.5 5.5 16 2.6 3.0 1.5 - -
13 2.50 3838 413 3845 36.5 69,6 - - 16 3.0 3.0 L5 - 0,16
. 14 2.87 3135 33.6  25.1 27.2 448 - - 16 3.5 3.0 3.0 - 0,18
15 2.53 3480 3.5 39.9 2.4 79.0 - - 8 2.0 4.0 1.5 - 15
11 1 0443 189 2.0 hed 0.8 8.1 1.0 1.0 155 3.5 1.0 15 0.8 -
2 0.40 161 1.7 3.6 0.8 8.7 1.0 1.0 155 3.5 1.0 1.5 0.47 -
3 0,42 170 1.8 3.7 0.8 8.3 1.0 1.0 181 3.5 1.0 1.5 0.49 -
Y A 0.44 170 1.8 3.0 0.8 8.1 1.0 1.0 155 35 1.3 2.0 0.51 -
5 0.45 180 1.9 3.5 0.8 7.2 1.0 1.0 155 3.5 1.0 2.0 0. 47 -
6 0.48 161 1.7 47 0.8 Tk 1.0 1.0 181 3.5 2.0 2.0 .48 -
7 0.52 142 1.5 45 0.8 6.8 1.0 1.0 181 3.5 2.0 2.0 0.47 -
8 0,57 269 2.9 4.0 0.8 6.2 - - 128 3.5 2.0 3.4 0.54 -
9 0.71 482 5.2 5.8 1.5 10.2 - - 131 35 2.5 3.0 0.49 -
10 0,78 1040 11.2  19.2 6.6 40.C 1.5 3.0 355 2,5 2.0 L5 0.45 -
11 0,50 269 2,9 5.2 0.8 7.2 1.0 N 362 35 2.0 1.6 049 -
12 0.45 418 4e5 7.9 0.8 8,1 1,0 1.0 362 3.5 2.0 1.5 G.51 -
13 0.94 890 9.6 15.9 0.8 3.8 - - 256 3.5 2.0 3.0 0.47 -
1 0.9 566 6.1 7.9 1.5 7.7 - - 256 3.5 2.0 4.0 0.49 -
15 1.27 992 10.7 15.0 11.0 37.0 - - 256 3.5 2.0 2.0 0. 44 -
817 1 2.05 2550 21,5 29.8 22.2 50,8 3.0 6.0 18 2.9 3.0 1.5 - 0.14
2 1,81 2383 25.7 27.6 21.5 55.¢ 3.0 6.0 15 2.9 3.0 1.3 - -
3 1.76 2350 25.3 26,7 21.0 56.0 3.0 6.0 16 2,9 3.0 1.4 - -
4 1.92 2505 27,0 28.1 25.9 64,0 3.0 6.0 1 2.8 3.0 1.5 - -
5 1.84 2450 2644 26.2 25.6 65.5 3.0 6.0 16 2.8 3.0 1.5 - -
6 2,44 2980 32,1 32.6 29,2 56.6 3.0 6.0 32 3.0 3.0 L6 - 0.13
7 2.20 2840 30,6 3l.5 28.9 61.9 3.0 6.0 32 3.0 3.c 1.8 - -
8 234 3380 36.4 31.0 25.8 51.6 - - 9 2.5 35 1.2 - 0.17
9 2.46 3360 36,2 27.4 25.6 19.¢ - - 9 2.5 3.¢ 1.8 - 0.15
10 2,11 2075 28.8 51,8 27.2 61.1 2.0 6.0 13 3.0 3.0 L5 - 0.13
1L 2.0 2643 28,5  30.6 23.8 5441 3.0 6.0 16 3.0 3.0 1.5 - -
12 1.89 2420 26,1 30.2 21.8 5548 3.0 6.0 16 3.0 3.0 1.5 - -
13 3.24 5060 545 49,9 62,3 90,0 - - 16 3.0 3.3 1.5 - a.14
14 2493 3315 357 37.2 .1 50,6 - - 16 3.5 3.3 3.6 - 0.16
15 3.95 4890 521 46.0 67.3 8.5 - - 11 2,3 35 1.5 - 0.14
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TABLE 8 (Cont'd)
Avémge Coating Toot, Rogults*

Spanglea Auninum Lead

. . . Bteol Wt Alloy  Proportion {or graine) in in
Bath B8teel Coating Wt. Iron Content loss ~ Thilokness of Alloy Ductility Adherence per Spangle Brightness Smoothness Coating Coanbing
Woy  Neo, oz/mq £t - eheet mp/sq £t p/m?  p/m2 mox 1073 © % . in.2 Contras} : 4 4,

; 7 - - -
12, 16 1 0.97 1225 13.2 13.1 11.4 5544 2.0 35 128 1.5 2.0 1,0 0,21 -
2 1,02 1300 14,0 1.7 1.0 50,5 1.5 3.4 128 1.5 2,0 1.0 0.21 -
3 1.02 1225 13.2 12,2 11,2 51.9 1.5 344 128 1.5 2,0 1.0 0,23 -
é 1,03 1290 13,9 12,5 1.5 . 52.8 15 3.9 119 1.5 2,0 1,5 0,21 -
1.04 1262 13.6 12,6 10.6 4844 1.5 3.8 - 128 1e5 2.0 1.5 0.22 -
[ 0,86 - 1262 13,6 '12.3 1.4 62.4 1.5 3.5 128 2,0 2.0 1.5 0.23 -
7 0.73 1058 1.4 10,7 1,0 69,3 1.8 3.5 140 2,0 2.0 1.0 0,26 -
8 1,11 2330 25.1 10.3 1.9 64,9 - - 237 2.0 2.5 2.5 0.23 -
9 1.20 7 2295 2447 10.6 1445 56,7 - - 256 2,0 2.3 245 0.24 -
10 1.07 1346 14.5 16.5 11.4 496 2.0 5.0 362 2,0 . 2.0 1.3 0.23 -
11 1.04 1540 16,6 13.9 1.0 50.0 1.5 3.6 355 1.5 2.0 1.0 0,21 -
12 1.03 1503 16.2 1446 10.4 £ 1.5 3.5 362 1.5 2.0 1.0 0.2 -
13 0.84 lo4d 1.2 18.1 - 3.1 17.3 - - 256 2.5 2.0 2,0 0.19 d
14 0.88 1160 1245 13.0 9.3 50.3 - - . 256 3.0 3.0 40 0,20 -
15 2.27 T 2200 23.7 1646 20,0 .6 - ’ - 362 3.0 3.0 2.5 0,13 -
Exporiment “B"
19, 22 1 215 4210 46,0 4144 43.0 T2.4 3.8 8.0 6 3.0 2.5 1.5 - 0.36
2 2.67 4120 M3 L. 42.9 75.8 3.5 8.0 6 3.0 2.0 ‘1.3 - -
3 284 4303 464 4645 4344 L7 3.5 8.0 [} 3.0 2.0 1.5 - -
A 2,87 4100 442 486 1,2 68,0 3.8 8.0 5 3.0 2.0 1.3 - -
5 2.80 4085 441 46.3 JATYA 69.6 3.5 8.0 5 3.0 2.0 1.5 - -
6 3.40. 4910 52.9 494 46.5 65,0 3.5 8.0 6 3.0 2.0 2.0 - 0.40
7 3,31 4750 51,2 52,0 8.3 69.6 3.5 8.0 6 3.0 2.0 L5 - -
8 3.04 4460 48.0 4.6 40,7 63.2 - - 2 3.5 2.3 2.0 - 0.49
9 3.08 A435 4. 41.3 40,7 62,3 - - 2 345 3.5 1.8 - 0.45
10 2.84 4330 4647 4649 4045 67.5 3.3 8.0 4 3.0 2.3 1,5 - 0,40
11 2.83 4640 50,0 8.7 40,4 67.0 345 8.0 14 3.0 2.3 1.5 - -
12 2.58 4220 45.5 K16 41.2 75.1 3.5 8.0 13 3.0 2.0 1e4 - -
13 7.98 11190 120,5 131.2 162.9 96.3 - - 21 3.0 5.0 2.0 - 0.36
14 4eld 5440 58,6 59.1 52.2 59.0 - - 3 3.5 3.0 3.5 - 0.49
15 7.78 10900 117.4 118, 154.5 93.5 - - 6 2.5 4+0 1.5 - 0,33
20, 24 1 2.33 3265 35.2 36.7 30,2 61.3 3.3 6.5 3 3.0 T 2.5 1.5 - Q.42
2 2.11 3060 33.2 31.9 29.8 6744, 3.3 6.5 2 3.0 2.0 1.5 - -
3 2,08 2955 3L.8 36.5 29.5 67.7 3.0 6.5 2 3.0 2,0 1.5 - -
4 2444 3215 35.3 36.8 32.6 62.7 3.0 6.5 3 3.0 2.3 1.5 - -
5 2,16 3018 32.5 32,7 31.3 68,5 3.0 6.5 2 3.0 2.3 1.5 - -
6 2.83 37150 4044 40,1 3.2 60.4 3.3 6.5 2 3.0 2.0 2.0 - 0.50
7 2.60 3620 39,0 39.7 36.0 65.5 3.0 6.5 2 3.0 2.0 1,5 - -
8 2.67 3538 38.1 34.6 342 60.2 - - 2 3.5 3.3 2.0 - 0.5L
9 2,66 315 40.0 36.5 3445 61,1 - - 2 3.5 3.5 L5 - 0.47
10 2,29 3200 34.5  38.8 30.8 63.5 3.0 6.5 2 3.0 2.0 1.5 T 0,45
11 2.39 3740 40,3 7.9 T 307 60,9 3.0 6.5 8 3,0 2.5 1.5 - -
12 2.15 3515 38.5 37.2 30,6 7.5 3.0 6.6 8 3.0 2.0 1.5 - -
13 4e'? 7050 76.0 15.8 99.2 98,9 - - 6 3.0 5.0 1.5 - 0.36
14 3.64 4510 4846 46,2 4549 59,7 - - 2 3.5 3.0 3.5 - 0.53
15 JAYAN 6400 68,9 19.2 84.9 89.5 - - 2 2.5 43 L5 - 0,35
21,23 1 2,05 2535 27.3 28,4 23.9 55.0 3.0 6.0 8 3,0 3.0 1.6 - 047
2 1.78 2440 26.3 26,3 2.6 59,7 3.0 6.0 8 3.0 3.0 1.5 - -
3 1,80 2358 5.4 26.9 22.8 59.7 3.0 6.0 8 3.0 3.0 1.5 - -
4 2.17 2618 28.2 21.5 25.1 | 545 3.0 6.0 6 3.0 3.0 1,5 - -
5 1.93 2/15 26.0 26.6 24.8 61.1 3.0 6.0 6 3.0 3.0 1.5 - -
6 2.46 3005 32.4 31.5 29.7 57.1 3.0 6.0 6 3.0 3.0 2,0 - 0.49
7 2420 - 2830 30,5 32.6 - 28.3 60.5. 3.0 6,0 6 3.0 3.0 1.5 - -
8 2.3 . 2865 30.9 23.9 25.8 51.3 - - 4 3.0 3.0 2,0 - 049
9 2,41 2935 31.6 2104 25.3 49,3 - - 4 3.0 3.5 2.0 - 0,47
10 2.08 2878 31.0 30.3 25.6 57.9 2.5 6.0 7 3.0 3.0 L5 - 0.45
11 2.07 2710 29.2  30.3 2344 536 3.0 6.0 16 © 3.0 2.0 1.5 - -
12 1.81 2430 26.2 28.2 21.6 56,1 3.0 6.0 16 3.0 3.0 1.5 - -
13 334 4990 53.8 5244 55.9 19.9 - - 4 3.0 47 1.5 - 0.42
14 3.18 3190 40.8 /0.8 3544 52,5 - - h 3.5 3.3 3.5 - 0,51
15 3.07 4280 46.2 41.1 52.8 80,4 - - 3 2,5 3.3 1.3 - 0.33




|
|
|
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TABLE 8 (Contt'd)

Averane_Coating Tost, Results*

Spangles Aluminum Lead
Steol Wh. Alloy  Proportien (or grains) in in
Bath Steal Coating Wte Iron Content Losg Thicknons of Alloy Duotility Adherence per Spangle Brightness Smoothness Coating Coating
Na,_._MNo. _oz/sq ft = sheot up/sq £t p/m? _ p/m? mn x 10-3 % in,2 Contrest 3
25, 27 1 2,80 4340 4643 41,9 .3 69.0 3.5 8.0 16 3.0 2.5 15 - 0,11
2 2,73 4250 45,8 46.8 .2 71.0 .5 8.0 16 3.0 2.3 1.5 - -
3 2484 4200 45.3 1.5 .2 70,1 3.5 8.0 13 3.0 2.5 1.5 - -
g. 3.03 4290 46.3 48,7 &7 67.2 3.5 8.0 12 3.0 2,5 1.5 - -
[ 3.4 4800 5L.7 51.9 I 65.4 3.3 7.9 35 3.0 3.0 1.8 - 0.13
7 3,22 5030 5442 52,1 48.3 70.2 3.0 8.0 2 3.0 2.5 1.5 - -
8 3.18 4600 49,6 45.9 45.0 66.8 - - 10 3.0 3.0 1.5 - 0.15
9 3.23 4460 8.2 41.3 45.1 65.4 - - 10 3.0 3.0 1.5 - 0.15
10 2.35 4035 43.5 41.6 JARA 68.9 3.0 8.0 14 3.0 3.0 1.5 - 0.11
n 2.93 4810 51,8 50.3 .3 66.8 3.0 7.9 45 3.0 3.0 1.5 - -
12 2.60 90 45.2 50.1 3%9.3 711 3.0 7.8 36 3.0 2.5 1.5 - -
13 7.86 11040°  119.1  121l.5 163.9 98.3 - 15 3.0 3.7 2.0 - 0.0
14 4415 5230 5644 61,1 51.1 56,2 - - 8 3.0 3.0 3.5 - 0.18
15 7.63 10750 115.8  123.7 160.5 99.0 - - 10 3.0 4.5 1.5 - 0.10
26, 28 1 2.39 3220 347 36.6 30,7 60.5 3.0 6.6 39 2.6 3.0 1.5 ~ 0.13
2 2.3 3265 35.2 36.3 30,6 60.9 3.0 6.5 2 2.6 3.0 1.5 - -
3 2,23 3210 b 36.5 30.7 65.5 3.0 6.6 23 2.6 3.0 1.5 - -
4 2.40 3250 35.0 38.5 32.2 63.1 3.0 6.5 16 2.6 3.0 1.5 - -
5 - - - - - - - - - - - - - -
6 2.83 3665 395 40.1 36.5 60.7 3.0 6.5 39 3.0 3.0 2.0 - 0,13
7 2453 3665 39.5 39.5 35.8 66.9 3.0 6.5 42 3.0 3.0 1.5 - -
8 2.85 3380 3.8 3642 34.1 5647 - - 10 3.0 3.6 1.5 - 0.15
9 2,82 3638 39.2  38.2 3.3 571 - - 8 3.0 3.0 1.5 - 0.15
10 235 3490 3.6  37.8 R4 64.7 3.0 6.8 18 3.0 3.0 1.5 - 0.12
11 2.4 3790 40,9 39.7 30.7 60,4 3.0 6.5 18 3.0 3.0 1.5 - -
12 2.14 3662 39.5 3145 30,3 67.6 .0 6.5 18 3.0 3.0 1.5 - -
13 4088 740 80,0 78.6 99.9 9.8 - - 18 3.0 he5 2.0 - 0.12
14 3.63 4265 46,0 50.2 442 4949 - - 8 3.0 3.0 3.5 - 0.17
15 467 6525 70.4 1.9 L2RYA 91.3 - - 8 2.5 3.0 1.5 - 0.12

#Each value shown le average of threo determinations exespt for ductility (aversga of two detorminations) and alloy thickness (avarage of
twenty monsurements an single samplea).
Duetility and adherence tests and lead analyses wers made on samplec indicated only.
For ductility, adherence and surface appearancs rating codea, soe Table 9.

Duetility, Adheronce and Surface Appearance Rating Codeg

TABLE 9

Goating Duotility

Ratings

1=
2=

3=
4=
5=

Exoellent, no cracking
Good, notwork of fine eracks

Conting Adherence

Based on minimua bend radius causing flaking
(90° bend plua 180° reverse bend)

Falr, general cracking, with coabing broken into small blocks
cor, wide separation of medium size blocks

P
Very poor, general pesling of coating in large blocks

Rating:

]

1 = 0,050 in,bend radius
0,070 in.bend radius
3 = 0,100 in.bend radius
A4 = 0,244 in.bend radius

5 = 0,192 in.bend redius
6 = 0.252 in.bend radius
7 = 0.320 in.bend radius
8 = 0,400 in, bend vadius

Spangle Contrest of Goating

Rating:

1
3
4=

nun

Good, spangles well defined
Moderate, spanglen well defined
Lovw or no contrast. Spangles
outlined only

No contrast (no spangles)

Coating Brightness

Rating:

1 =0 to 1.25 photometer unita

2 = 1.5 to 2,75 photonoter units
3 = 3.0 to 5.5 photometer unites
4 = 6.0 to 11.0 photonotor units
5 =115 + photoneter units

Contiing Roughnees

Rating: 1 = Very suooth
2 = Moderately smnooth
3 = Fine to moderatoly rough

sandpapor-1like texture

4 = Rough toxbture ar wneven surface
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TABLE 10

Steel Weight Lost by Pickling*

(mg/aample and per cent on 3 in. by 4 in. sample)

Steel - E Pielkling | - N - -
No, Grade of Steel and Condition Time, min 55°C (130°F)  70°C (160°F) - 85°G (185°F)
1 Gaivanizing grade, ‘ag-received 2.5 2.6 (0.007) 2.8 (0.008 3.4'&0.009;
v 5 S 4 R C0ictd S (ot B e 8
n o 10.0 6.2 (0.017) - 8.0 (01022) 9.6 (0:026;
3 Galvanizinglgrade, cold rolled | 4 - .
' - 15% reduction ‘ 2.5 1.9 50.006 1.8 (0.006 2.6 (0.008)
: x " u g.g - 2.2 (o.ogz 2.2 8'088 , g.é gg.gig
. " - . 3- 0.0 40 t04 -« .
o " - 10.0 5.1 (0,015) 5.3 (0.017) 6.5 (0.020)
‘4 Armco iron, as-received 2.5 0.9 (0.002) 1.0 (0.002) - 1.3 (0.003)
Lo R £ R
" " _ A10:0,» 3.1 (0.008) 3.5 (01009)‘ 4 (0:012)
5 Armco iron, cold rolled - 15% : o |
reduction 2.5 . 0.7 (0.002; 0.8 (0,002) 1.1 (0.003)
L sk MR e
o 10.0 2.6 (0.008) 3.1 (0.009) 4.0 (0.012)
6 Alum%num—killéd, ag~received 2.5 40 é0.0llg 4ol g0.0lég bed g0.0IZg
' " Lo 5.0 47 (0,012 5.9 (0.0L 8.9 (0.024
" " 7.5 5.4 (0.014) 7.7 (0.021; 16.0 (0.042)
n " _ 10.0 6.8 (0.018) 9.9 (0.026) - 18.2 (0.048)
7 Aluminum—killéd, cold rolled - . '
15% reducti?n - 2.5 1.8 go.ooe) 2.0 20.006) 2;1_%0.006) '
" ! t 5.0 2.4 (0.007) = 2.3 (0.008 43 (0.012
" " t 7.5 2.9 (0.0093 3.5 (0.01o§ 5.6 (0.016;
" " " 10.0 5.3 (0.016) 6.8 (0.018 7.0 (0.020)
8 Hot~rolled nprmalized,
as-received 2.5 2$§.g go.goo;~ 2$7.$ §8,204; ggv.g 28.294;
5.0 .5 (0.609 9. .600) 683, 602
u 7.5 680.0 (0.601) 675.7 (0.611) 696.1 (0.591)
" 10.1 683.1 (0.604) 639.3 (0.614) 698.1 (0.606)
9 Hot~rolled normalized, cold _ , _
rolleg - 15% redﬁction ) 2.5 Zos.é gg.géig 233.0 §0°229§ 233;7 go.gé7g
: 0 - 490, . 34,0 (0,562) 538.0 (0.553
o " 7.5 491.6 (0.511; 533.1 (0.556) 537.9 (0.552)
" " 10.0 - 531.5 (0.549) 532.6 (0.556) 544.2 (0.559)
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TABLE 10 (Cont'd).

Steel Welght Lost b¥ Pickling*
(mg/sample and per cent on 3 in. by 4 in. sample)

Steel Pickling
No, Grade of Steel and Condition Time, min 55°C (130°F)  70°C (160°F)  85°C (185°F)
" " " 5.0 7.6 (0.019 8.4 (0.021 8.7 (0.024
n " " 7.5 9,3 (0.023 11.3 (0.028 12,3 (0.032
" " n 10.0 10,7 (0.027 14.1 (0.036 17.0 (0.044
11 Bottle top, as-~received 2.5 5.9 §0.015 6.7 20.018 6.9 (0.019
n . " 5.0 6.2 (0,016 8.7 (0.023 9.8 (0.026
o " " . 745 7.2 (0.019) 10.8 (0.029) 11.0 (0.029
" " " - 10.0 9.1 (0.024) 12.6 (0.034) 12.7 (0.034)
12 Bottle top, cold rolled - o
15% reduction 2.5 3.3. (0.010) 3.6 (0.011) 4e6 (0.014)
n " " 5.0 he?2 (0.013; 4eb 20.014) 6,0 (0.018)
" " " 7.5 5,6 (0.018 5.9 (0.018) 7.0 (0.021)
" n n 10.0° 6.4 (0.020) 7.1 (0.022) 8.4 (0.026)
13 Alloy Steel A, as-received 2.5 323.2 (0.279; 35347 (0.304) 403.0 (0.346)
" n n 5.0 343.2 (0.295) 373.2 (0.320) 497.7 (0.426)
" " " 7.5 347.3 (0.299) 434.7-(0.374) 589.5 (0.506)
] " " 10.0 363.3 (0.312) 516.5 (0.446) 720.4 (0.618)
1 Alloy Steel B, as-received 2.5 11.4 (0.010) 17.7 (0.016; 30.4 (0.027)
n " n 5.0 20.9 (0.0183 36.1 (0.032 38.2 (0.034)
n " " 7.5 24,0 (0.021 39.0 (0.034) 44.8 §o.039)
" " o 10.0 27.5 (0.024)  4he5 (0.039) 64.4 (0.057)
15 Alloy Steel C, as-received 2.5 10.0 (0.011; 22.9 (0.025) 56.3 (0,060)
n " " 5.0 16.3 (0,018 34.9 (0,037) 129.5 (0.138;
" " " 7.5 21,9 (0.024) 40.4 (0.043) 342.2 (0,365
" " " 10.0 26.4 (0.028) . 59.1 (0.063) 598.4 (0.637)

*Acld solubtion as given in Galvanizing Log, Table 4.
Values are averages of two determinations; figures in brackets represent weight loss per cent.
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TABLE 11

. Mechanical Prqperties of Alloy Steels After Galvanizing¥*

Immersion - PN ‘
Steel No. and Grade Bath A1 % Pb % Time, ~ UTS  '0.,2% offset: Ratio © El.
e i XNo, i BOC . KpSE kpsi Y8 to UTS 4 in 2 in.
13, Alloy Steel A o
éag ag=received - - - - - T2. 5549 0.77 30.6
(b) " galvanized . 4 0.,0.° 0.3 - 10 = 72,0 60.9 0,85 . 29.8
.o 8 0,0 0.3 60 70.0 60,9 0.87. . 29,0
" 12 00075 OQB . 10 7208 6200 0585 L. 28-2
" 3. 0,075 0.3 60 2 M40 63.6 0,86 © 28,6
L 7 015 0,3 .- 10 73,1 619 0.85 - - 3l.1
" 2. 0415 - 0.3. 7 60 73,9 62.9 0.85 - 30.2
14, Alloy Steel B
§a§ ag-received = = = - - - . 83,8 YA 0.77 25,6
b) galvanized - 4 0.0 0.3 10 - 81.7 . 69.3 0.85 25.0
- .oon .8 0.0 - 0.3 60 - 80.8 - 68.0 0.84 249
" <2607 0.0 1.0 120 - 83.4 713 1 0.86 - 2L.6
S 12 : .O. 075 . 003 10 L. 82.8 70.4 : ! 0.85 ) 24»9
" ‘3 0,075 0.2 -, 60 . ' 83.4 70.0 0.84 . 25.4
b : T 0.15 0.3 . .10 82.9 69.7 . 0.84 25.5
" 2 0,15 0.3 60 82.7 69.0 - 0.84 25.3
15, Alloy Steel C :
(ag ag=received - e - - - . 6749 53,8 . 0.79 29.7
. (b) galvanized 4 0.0 0.3 10 68,0 57.5 0.85 24.9
o 26 0.0 1.0 120 - 64.6 56,2 0.87 - - 25,2
" 27 0.0 1.0 240 63.2 55.5 " 0.88 . 24.8
w 12 : O- (775 ’ O. 3 10 ' 66. 5 57.8 0.87 25-0
" 3 0,075 0.3 60 67.2 58,1 . 0,87 26.5
" 7 0,15 0.3 10 68,4 59.8 © 0487 25.0
u 2 0.15 0.2

i

*¥Ag-received values are aversges of 36 tests.
Galvenized values are averages of 6 to 12 tests,







































APPENDIX 1T

ACCELERATED CORROSION TEST RESULTS

by
D.B. Clay .

The Steel Company of Canada, Limited, Hamilton, Ont
January 11, 1961

INTRODUCT ION

. In this appendix, results are given of humidity and water

film corrosion stack tests run by The Steel Company of Canada, Limited,

to determine the storage-stain susceptibility of the galvenized test

panels prepared at the Mines Branch. The test procedures corresponded
to those used in previous Mines Branch galvanizing inﬁestigations and |
are degcribed in Mines Branch Invastigation~Rep6rt IR 58-149. Separaté_
panels were used for esach test and, in the case of ihe hunidity test,
the diffusivity measurements on each panel were made accofding to the

pattern "B" distribution.

Because single panels only could be provided for this work, |
and for other reasons, the humidity test was run on the thin gauge
materials, grades 1, 2, 3, 4, 5, 6, 7, 10, 11 and 12 and the water film
test on the thick gauges remaining, i.e., grades 8, 9, 13, 14 and 15.
The corrosion index values listed for the latter are estimates of the
amount of the test panel showing corrosion., White and black staining

were evaluated separately acconrding to the scale below. Two index




- 34 -

values appear together, e.g. 1z, the upper being the index for the

numbered side of a panel, the lower that of the opposite gide.

Index 0 1 2 3 4 .
% of Surface Corroded O 1 to 25 26 to 50 51 to 75 76 to 100

~ The data tabulated in this appendix aré as follows:

Table 1, Humidity Test Results

Table 2, Water Film Test Results
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TABLE 1

Humidity Test Results

Weight Change

ple Average Diffusivity**
Bath Sample Gain From Logs TFrom Before After
- No,. No.¥* Corrosion Corrosion Corrosgion Corrosion Gain % Gain

9 1l J-5 30.0 82.7 13.9 18.9 5 36
" 2 J"5 29.0 8709 9.3 12-7 3.1{. 36-6
" 3 J-5 16.8 5441 9.7 14.9 5.2 5346
" 4 J=5 20,2 51.4 14.8 16.6 1.8 12.2
" 5 J"5 23.5 80.3 14-1 1804 4-3 3005
" 6 J-5 13.0 7745 12.3 16,9 L6 37.4
" 7 J=5 277 92.2 17.3 18.4 R P 6.4
" 10 J-5 17.5 42.5 14.3 15.2 0.9 6.3
" 11 J=5 ~ 31.6 63.1 11.0 12.2 1.2 10.9
U 12 J-5 3.3 100.1 13.9 16,0 2.1 15.1
10 1 K~5 15.0 108.7 : 15.1 14.5 ~0.6 =4
" 2 K-5 25,1 67.9 12.4 12.5 0.1 0.8
" 3 K""5 22'9 50'0 14.8 16.2 lbl‘— 9.5
" 1', K"5 1300 47-7 11.8 1806 6.8 57.6
" 5 K""5 21.2 66.0 11-1 14-2 . 3-1 27.9
" 6 K-5 1600 3600 10.8 1409 A—ol 38
" 7 K"‘5 18-1 5506 . 11.9 14.0 201 1707
" 10 K~5 15.6 5hed 16.1 14.9 ~1.2 ~Te5
v 11 K=5 17.3 46.3 14.9 1hed -0.5 “3d
" 12 K"5 . l5¢0 48.5 1606 ' 15-3 : “1-3 "'708
11 1l 1-5 11.7 31l.5 8.8 11.2 2.4 27.3
" 2 L-5 19.2 39.5 8.0 ) 15.1 7.1 88.8
" 3 I=5 18.2 48.3 9.7 11.9 2.2 22.7
" 4 I~5 16.2 34e3 10.9 13.6 2.7 24.8
" 5 1-5 12.5 36.6 10.3 13.8 3.5 34
" 6 L"'5 3’7.1 94-1’. l/paB 17'6 3'3 23.1
" 7 1~5 37.8 104.6 14.1 19.4 5.3 37.6
" 10 I-5 38.4 115.3 23.3 19.0 ~4e3 =18,.5
" 11 I-5 37.1 11.0.6 11.5 16.1 heb 40
" 12 I~-5 36.0 97.3 11.3 13.1 1.8 15.9

13 l N“5 31'5 70-3 9!9 16.7 6.8 ’ 69!5
" 2 N-5 11.8 24..2 13.7 17.0 3.3 24.1
" 3 N-5 28.9 105.6 11.4 13.0 1.6 . 14
" 4 N=5 20.2 55.0 14.1 16.6 2.5 17.7
" 5 N-5 27.9 68.3 12,0 145 2.5 20.8
" 6 N"S . 13.2 29.8 12¢5 15.6 301 2/{;.8
" 7 N-5 17.8 374 16.5 15.0 ~1.5 ~9,1
" 10 N-5 26.5 63.1 21.4 16.3 -5.1 -23.8
" 11 N-5 25.0 4£9.8 21.6 16.6 -5 ~23,2
" 12 N-5 15.5 35.1 R4 18.6 -3.8 -17

14 1 P-5 24.1 3544 20,0 34.0 14 70
L 2 P-5 22.6 35.4 16.2 3R.9 16.7 100.2
" 3 P-5 25,5 JARY 20.4 3hak 14 68.7
" 4, P"'s 27.9 4155 3.5-9 3606 20.7 130
" 5 P-5 10.6 40.6 16.2 34.3 18.1 111.8
" 6 P~5 23.0 48.1 25.5 37.1 11,6 45.5
" 7 P-5 23.2 52.0 21.9 33.7 11.8 53.9
" 10 P~5 17.2 33,1 20.3 33.4 13.1 645
" 11 P-5 24.6 45.2 22.5 36.1 13.6 60.5
" 12 P=5 100.,9 134.5 22.4 36.2 13.8 61.6
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TABLE 1 (Cont'd)

Humidity Test Resultg

Weight Change

- Average Diffusivityk¥

mg/ sample -
Bath. Sample .Gain From Loss From Before . After - o o
' No, No. * Corrosion Corrogion Corrosion Corrogpion . @Gain % Gain
- 15 1 Qm5 . 12,8 40.4 11l.4 . 29.5 18,1 159
" . 2 Q"‘5 16-4 ) I)‘?«.O 1‘1-5 28.2 . 1607 145
" 3Q-5 11.8 31.6 10.1 22.9 12.8 127
" 4 Q"5 - 1/;..6 . /;.O’n(} . 9.8 28.3 . 18'5 ' 189
" 5 Q5 12.3 33.5 9.8 28,0 18.2 . 186
n 6 Q"5 1007 29.0 . 1606 30.8 ) 1/442 o 85.5
" 7 Q5 15.6 50,9 - 19.7 30,2 10.5- 53.4
n 10 @~5 25.9 90,1 21,1 31,2 10,1 479
" 11 Q"5 12&7 59l8 1604 28;6 12;2 74.5
" 12 Q-5 ek 48.9 16.8 29.2 12.4 T4
" 2 R-5 6.7 63.6 - - - -
" 3 R—5 1006 34-4 - - - -
" 4 R=5 18.7 540 16.8 27.8 11 65.5
" 5 Re5" 0.2 21.7 17.3 28,5 11.2 bl
n 6 R"S 16-3 . 4604, 16-4 2406 ’ 8.2 50
" 7 R=5 10.1 39.6 1445 22.0 7.5 517
" 10 R-5 2242 50.0 20,1 27.3 742 39.4
" 11 R-5 22,5 6646 13.9 29.3 10.4 - 55
n 12 R-5 15.9 59.2 19.2 /\A29.O 9.8 51
17 1 s"‘5 12.9 53.3 2301 : 3[#.8 11.7 50-6'. ¢
n 2 S"S 8‘4 27.3 21-0 3105 1005 50
n 3 5-5 40,5 122.0 21.1 .7 11.6 55
n 4 8=5 10.5 79.2 22.3 - 342 11,9 534
" 5 S"5 . ’ ll.S : 31.6 23.6 3!‘.09 11-3 4’7-8
u 6 8-5° 2449 62.7 32.9 36.8 3.9 - 11.9
n 7 S=5 10.6 3R6 18.0 31.1 13.1 72.8
" 10 8~5. 19.2 5546 R5.2 35.8 10,6 4R.0
" 11 S-5° -12.6 39.6 26.3 35.0 8.2 30.6
" 12 S-5 13.4 70.6 29,7 36.8 - 7. 23.9
18 1 T-5 10,0 40.8 20,6 3445 13.9 6745
" 2 T-5 10.3 36.8 21.8 341 12.3 5644
" 3 w5 10,1 36.9 25.0 3.0 9 36
" [', T"5 ’704 28.3 26.4 35.5 - 9.1 3[(45
" 5 T=5 5e4 21.9 22.6 33.1 10,5 465
" 6 T-5 16.4 26.2 22,3 3hedy 12.1 543
" 7 T=5 95 125.1 2543 3443 "9 35.6
" 10 T~5 13,7 4tye 0 26.1 35.1 9 34e5
" 11 T-5 11.3 37.3 28.6 35,5 6.9 241
" 12 T=5 9.9 33.1 22.0 34.0 2 5445
22 1 7-5A 2.7 37.9 30,1 3547 5.6 18.6
" 2 ¥-54 845 39.8 22,4 34l 1.7 . 5242
n 3 ¥-5A 9.6 30.1 2843 3446 643 2.2
. 4 ¥-5A 10,7 41,0 28.1 35.6 7.5 26.7
" 5 Y-54 9.9 24T 26,2 3.5 Sely 20.6
" 6 Y"'5A ]_1.7 - 38'4 23-1 3505 12.1{, . 53;7
" 7 ¥=-5A 13.1 48,1 26.3 3545 - 8.7 32.5
n 10 Y-5A 94 255 21.6 33.8 12.2 5645
" 11 Y-5A 9.9 26,0 3042 375 73 Rhe2
" 12 Y“5A 12‘4 31;5 2514 3/)..9 905

3‘7.4 :
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TABLE 1 (Conttd)

Humidity Test Results

Welght Change

: ng/sanple Average Diffusivity**
Bath Sample Gain From Loss From Before “After
No, Noo* Corrosion Corrogion Corrosion Corrosion Gain 4 Gain
. 23 1 X-5A 12.7 446 34e5 36.4 1.9 545
" 2 X~5A 9.1 3406 28.0 35.9 7.9 8.2
" 3 X"'5A 12.7 36-4 27-2 3509 807 32
" 4 X=5A 16.1 43.9 32.7 3449 2.2 6.7
n 5 X"SA 13.1 4,3.3 30-2 3506 504 17.9
f 6 X=5A 15,1 52,7 3644 354 =1 =27
" T %54 14.3 7 29.0 3.8 7.8 26.9
" 10 X=54 13.0 48.2 29.7 34.8 5.1 17,2
" 11 X=5A 13.3 39.7 30.1 3.3 8.2 27.2
" 12 X"‘5A 1805 37.1 30.2‘ 3507 5»5 18.2
24 1 Z"5A 19.5 2/4,05 - 30-1 38a2 8.1 26-9
" 2 Z=54 10.9 43.0 27.7 36.0 8.3 30
n 3 Z2-54 10.6 32.8 31.0 3545 Leb 14.5
u 4 Z~5A J1.1 31.1 27.0 349 7.9 29.3
u 5 Z"‘5A . 9.8 3801 2601 3601 0 3803
n 6 Z-5A 6.5 15.4 30.4 33.8 8.4 27.6
1 T Z-5A 10.8 3.3 27.0 38.8 11.8 A3.71
" 10 Z-5A 1.7 hhe3 3.5 35.5 40 12.7
" 11 Z"SA 12-5 33-3 39.8 39-6 "'0.2 "0-5
" 12 Z"5A 16-5 34-5 31.4 3601 407 15
27 13Y¥-5 5.3 17.77 30.5 34l 3.9 ©12.8.
" 2 Y"‘S 807 lpln'] 28.6 35.4 6.8 23.8
" 3 Y"5 509 3507 27.0 ' 3214 5-4 20
" 4 X-=5 6.8 39.4 19.6 29,5 9.9 50.5
" 6 Y-5 10.6 30.1 30.3 3449 heb 15.2
L 7 Y"‘5 8.2 36.5 28.3 30.8 2.5 8.8
1 10 Y"S 6.9 62.3 27.6 34.0 6.4 23.2
" 11 ¥-5 10.2 30.3 2.2 35.9 847 32
" 12 Y"5 12.8 AO.‘!}» 27-2 33'3 6-1 22.4
28 12-5 1449 36.1 28.8 3547 6.9 R4
" 2 Z-5 6.1 20.4 20,7 3242 11.5 -+ 55.6
n 3 Z-5 9.3 35.1 28.0 3he s 6.l 22,8
" 6 Z=5 19.0 - 35.7 38.1 R4 6.7
" 7 Z=5 10.7 54¢1 28,2 35.3 7.1l 2542
" 10 z-5 15.0 50.7 27.8 32.4 4o 16.6
" 11 Z-5 11.3 341 29.6 36.4 6.8 23
" 12 Z-5 11.4 346 21.4 31.6 10.2 VAN

¥First number in sample designation indicates grade of steel.
*¥%*Values are averages of [ive measurements on each sample.
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TABLE 2 (Cont'd)

Water Film Test Results
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STATISTICAL ANALY Iu OF COATING TEST DATA

by
H.L. Willisms
Consolidated Mining and Smelting Company of Canada Lnnlbed,
Trail, B.C. °
July 3, 1961

- e e e ww

INTRODUCTION = -

-,'This appendi" covers statistical studies made by the
Conaolldated Mining snd Smelting Company of Canada,lelted, on the
test data produced at the Mines Brgnch, OLth&, Ontarlo, -and the Steel
Company of Canada Limited, Hamilton, Ontario, in the proagct
dealing with the galvenizing behavioﬁr'of commercial sﬁeel sheet
materials. The date éonsisted of test Jogs obtainedfinitwo shatis=

tically~designed experiments.

In-experimeht WAM, ‘the effeot of vorying the alumimua
content of the bath‘from nil to 0.15% and the immersion time from 10
to 60 seconds was studied for each of 15 grades of steel sheet. . The

lead content was kept constant at 0.3%.

In experiment "B", the effect of varying the lead conlent
of the bath from 0.2 to 1.0% and the immersion time from 1 to 4
minubes was studied for the same materiazls. The aluwmirum content of

the bath was nil for sll teats in this series.
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The galvanizing test conditions comprising 0,0% AL and 60

seconds immersion time were common to both experiments.
INTERPRETATION OF DATA

A description of the data was obtained by developing
empirical equations since the true functional form of the various

relationships it was desired to study was unknown.

Levels of the independent varisbles studied were coded;

actual variables were relsted to the coded variables as in Table 1.

TABLE 1

Coded Values of.Independent Variables

Coded Values

Experiment Variables
w], 0 +]
nan xy ~ Aluminum content ~ % 0 0.075 0,15
Xo - Imeersion time - sec 10 35 60
np x?‘— Lead content - % 0e2 . e 1.0
x4~ Immersion time - - sec 60 120 240

Ko

vt s

The independent variables were relsted to the coded

variables as follows:

I

X1 = Aluminum_content, % - 0.C75

0.075
Xy = Immergion time, sec - 35
2 o5
x% = Lead content, # = C.&5
0.35 _
X% = Log (Immersion, sec) - 2,0792
0, 201G

The 15 grades of steel used in the experiments comprised

the following:




§ B ,ES

13
14
15

‘Galvanizing grade, as-recelved, 24 gauge. .

...‘42..

Galvanizing grade; cold rolled - 5% reduction.

- Galvanizing grade, cold rolled = 15% reduction,

Armco iron, as—received 24 gauge.- N

Armco iron, cold rolled -~ 15% reduction.

,Alumlnum-killed, as—recelved, 24 gauge.,

Aluminum—killed, cold rolled - 15% reduction..'

-Hot - rolled normalized, as—received, 14 gauge.

Hot rolled normelized, cold rolled - 15% reduction. 4

Full hard, as—received, 2/, gauge.

‘Bottle top, &s—feceived, 2/, gauge.

Pottle top, cold rolled - 15% reduction.

Alloy Steel A, as-receivéd, 1/ gauge.

Alloy Steel B, as-received, 14 gauge.

Alloy Steel C,<as-received, 16 gauge.

Fbr experlment "A" an  equation of the form

¥ = bo + byxy + boxp + - byyxB + byord +. bllexz was fitted to the dats

for esch dependent wvarieble. The non gignificant terms were then

discarded and the equations.recalculated.

For experiment "B", the same procedure was followed except

that the term "bllxﬁ" vas omitted because énly two levels of lead were

used.
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Graphs have been plotted to illustrate the relationships
where appropriate. For plotting and comparative purposes, the 15
grades of steel were separated into six groups as listed below.
Eveluation of each of the dependent variables for experiments "A" and

"B" is discussed in following sections of this appendix.

(a) 1, 2, 3
(b) 4, 5

(¢) 6,7

@ 8,9, 10
(o) 1, 12

(£) 13, 14, 15
EXPERTMENT "AM

Y, ~ Coating Weight (oz/sq £t - sheet)

The regression coefficients of the empirical equetions are
listed below, together with their stendard errors. The standard
deviation "gH about the regression is also listed. If a regression
coefficient was less than three standerd errorg in magnitude it was
considered to be non significant. Any non significant terms that

were left in the equations are maerked by an asterisk.

The data used to calculate each equation congsisted of 27

coating weights. The equations have been plotted in Figures 1 and 2.




Regfession Coefficients for Yy .

Steel b, 3 by b11 . h2
1 S 1.321 0 - =0,621° ©  0.248 -0,194 - =0,122
2 1.327 - -0,538 T 0,216 -0,293° ~ =0,076
3 1.322° ~0.529 - 0,198 =-0,311 -+ =0,088
4 1.400 ~0,566 0.269 ' =0,281 . =0.072
5 1.339 . ~0,561 0,19 - - =0.277 . =0,10L
6 1. 389 “"0.684 VO. 386 -0. 123 - 00192
7 10371 l "'0¢623 Oo 361 "00157* . ' "‘00156
8 1.6% "0.691 00283 _00312 —00162
.9 1.638 -0.646 0,322 ~0.191 ~-0.133
10 1.483 "'0.278 Ou396 ’ 00025* Oo Ol;l*
11 1.366 ~0.553 - 0.290 ~0.192 ~0,105
12 : 1.351 -0.466 0,296 - =0.208 0.003%
13 : 0.920 ~0.847 0.232 0.822 ~0.296
14 1.598 -0,877 0.355 0.149% ~0.220

15 o 1.737 ~0. 477 0.403 0s493% ~0.463%

- gtandard Errors of Regression Goefficients

Steel . SEby, SEby - SEby  SE by SE bis s
1 0. 039 0.028 0.028 0,048 0.C34 0.118
2 0.024 0.017 0,017 0. 029 0.021 0,072
3 c.ce7.  0.019 0.019 0.033- 0.024 0.081.
4 0.030 0.021 0.C21 0,037 0.C26 . 0.091
5 0,026 0,018 0,018 0,032  0.023 0,079
6 0,032 0.023 0.023 0.040 0.028 C 0,097
T 0.054 0.C38 0.C38 0. 066 0,046 . . 0.161
9 0.034 0,24, 0.02/, 0.042 . 0,030 0.104
10 0.014 0.01.0 0.010 - 0,018 -0.012 " 0,043
11 0.020 .- 0.C14 0.014 0.024 - 0,017 0.059
12 0.022 0.016 0.016 C.027 0.019 - 0.067
13 0,042~ 0.030 0,030 0,051. . 0,03 -  0.125
14 0.052 - 0,058 0.058 0.101 - 0.071 . 0.247
15

0.203 0.143 0.143 0.248 - 0.176 O.6Q8

The coating weight -equations for the various steels indicated
~the following:
(a) The equations for steels 1, 2, 3, Ly 5 and -11 did not dlffer

- to a statlatlcally—51gn1flcanb degree. :
(b) Steels 6 and 7 did not differ either: exoept that the equatlon

for steel 6 fitted the data belter than the equatlon for
steel 7.




(e)

(a)

(e)
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Steels 8 and 9 were also similar except that the equation
for steel 9 was a better fit than the equation for steel 8.
As shown by the graphs, the equation for steel 10 was quite
different from the equations for steels 8 and 9.

The equations for steels 11 and 12 showed marked differences
in "bl“ and “b12"'

The equations for the alloy steels 13, 14 and 15 showed
marked differences. This may have been due in part to the
fact that the equations for steels 14 and especially 15 were
poor fits. The standard errors were an indirect measure of
the goodness of fit.

The nature of the relgtionships may be seén from the graphs.

Xg - Iron'Content (g/m?)

The format used for Y3 will also be used here and in the

following sections.

The data used to calculate each equation consisted of 27

iron content measurements. The equations have been plotted in Figures

3 and 4.

2
c
jal
D

O 0010 o N

Jed ot et et
N W N O

=
b

Regression Coefficients for Yo

bo by bo b1y b12
19,956 ~ 9.978 40167 - 7311 -2,192
20,278 - 9,372 3.856 - 8.472 -2.000
19.656 - 9,178 3.828 - 8,289 =2.225
19.767 - 9.733 3.989 - 7.256 -1,917
19.289 b 9.656 3.638 - 70233 -2.142
20,156 -11,.328 £.e939 - 6,306 ~-3.033
19.967 ~11,294 5.150 - 6.139 =2.400
32.156 -13.C11 4e650 15,422 ~24550
31..156 ~11..483 4a783 ~12.450 “1 442
22.700 bad 10661 7-156 - 0.517* 1.475*
23,311 - 9.439 helhd - 9,028 -1,292%
22.856 - 7.989 4e622 - 0,222 ~1,317%
13-667 “'16.067 5.194 12.289 "'50692
21,156 ~-13.044 " he4T2 - L 489% -1+ 400%

17.233 -10.839 3.833% 10.850 -6,083%
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Standard Errors of Regression Coefficients

Steel . .SBh, SED - SEby  SEby SEDyp g

tee
1 - 06592 0.419 . 0.419 - 0,725 0,513 . 1.776
L 0.404 - 04286 0,286 . - 0,495 = 0.350 1,213
5 0,466 0,330 0,330 0,571 0.404 . 1.399
7 04734 0,519  0.519 .. 0,899 - 0.636 24202
9 0.503 0,356 . 0,356~ 0,616 . 04436 1.509 -
11 0,521  0.268 . 368 0,638 0,451 1.562

13 0,584  0.413  0.413 0.715  0.506 1,752

15 2,872 2,031 2,031 34517 2487 8,615

The iron content equations for the various steels indicated -
the folloving: |

(a) “The’ equatlons for steels 1, 2, 3, 4 and 5 did not differ to
. a statlstlcally—ﬂlgnlflcant degree.

(b) The equatlons for steels 6 and 7 did not differ either.

(¢) The- equations for steele 8 and 9 were simllar excent for small.

but significant differences ‘in "by" and "b The equation
for steel 10 was quite different %rom those for steels g
and 9, .

(d) The equatlonﬁ for steels 11 and 12 were similar exCept for -
: a small but significant difference in "bl"

(e): The equations for the alloy steels 13, 14 and 15 showed marked

differences. The equations for gteels 14 and especlally 15
vere poor flbs.

—

YBZr Steel Weight Loss (g/m?)

The ddta used 4o calculate each equation cqhsisted‘of.Bé '
steel weight loss méasurEmeﬁts. The equations have been plobted in

Figures 5 and 6,
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Regression Coefficients for Y3

Steel b by bo by bia
1 19..67 -83.333 4617 ~5.917 ~3,356
2 19.033 ~8.579 4eb12 ~5,021 ~2,619
3 18.967 "'8»371 44-312 "6./.;46 "‘20656
Zl- 190550 "‘8.412 40992 "60238 "'20388
5 19,383 ~34204 helh2 ~54829 -2.456
6 19.617 ~0e 446 54333 4o TT1 ~3.912
7 19.158 ~2.550 54550 =050 ~3.538
3 19.650 -7.675 64375 ~6.750 ~4.019
9 190933 “6.‘-’*67 5-888 "60075 "&.631
10 244050 ~0.675% - 6,442 1.792 ~0,181%
11 21.1}67 "80350 5‘171 "5.850 "'2-375
12 - RL.BA2 ~6.925 5.179 ~5.100 -2.412
13 20.550 ~-9,438 6.042 7.371 -5.162
14 19.392 ~8,129 6.121 ~-0.771% -3,312
15 " 306342 ~2.079 134421 2.938 1.075%
Standard irrors of Regression Goefficients
Steek . =B o S5 I SE by SE byq SE byo 8
1 0.319 0.226 0.226 0.391 0.276 1.106 -
2 0.460 0. 325 0. 325 0.563 0.398 1.593
3 0.431 0.304 0.304 0.521 0,373 1492
A 0.361 0,255 0.255 Ou 42 0312 1.250
5 024 0.300 0.300 0.519 0.367 1,68
6 0. 319 0225 0e225 - 04390 0.276 1.104
7 04559 0.395 0.395 0.685 0e 484 1.936
8 0.673 0.476 0. 476 0.324 0.583 2«331
9 0.599 0,423 0..423 0.733 0.519 2,074
10 0.309 o213 0,218 0378 0,267 1.059
11 0. 448 0.317 0.317 0. 548 0.388 1.551
12 AR 0,312 0.312 00541 0.333 1.530
13 0.712 0,551 0,551 0372 0.617 2468 .
14 0. 345 Q.24 0.244, e 422 0.208 1.194
15 0,713 0,504 0,504 0.874 0.618 PRV AN

The stenl welght loss equabions for the various steels indicated
the following:

(a) The equabions for stecls 1, 2, 3, 4 and 5 showed only minor
differences of doubtful significance,

(b) The equations for steels 6 and 7 were similar except that
equabion 6 was a better £i% than 7.
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(¢) The equations for steels 8 and 9 were similar except for small
but significant differences in "by" and "bjo". The equation
for steel 10 was unte different from those for steels 8 and 9.

(a) ‘The equations for steels 11 and 12 were. 31m11ar except for a
- small but significant dlfference in "by".

(e) The equatlonu for the alloy bteels 13, 14 and 15 showed marked
differences. The equations for steels 13 and 15 were not as
good a fit as equation 14.

. (f) The equations for steels 7, 8, 9, 13 and 15 did not fit the
. data as well as the equations for steels 1, 2, 3, 4 5, 6, 10,
12, 12 end Lo

Y= Alloy Thiclness (mn x 10-3)

The data used to calculate ench equation consisted of 18 alloy

thickness measurements; The equations have bepn\piotﬁed'in Figures 7

and 8.
Regresgsion Coefficients for 1),
steel bo Som b2 [T -
1 17.367 _ ~8,617  3.375 ~7.150
2 17.067 =8.425 3.133 ~7.392
: 3 l’?all” "80333 : 20984 . "'7 0658 . ’
4. . 1'7 0'767 "904»25 30992 '6.758 ) -20000
6 18§567 ~11.,108 - e 342 6,125 - =2,362
7 18,350 ° =11.092 4183 ~5.925 . . «2.075
) 24e633 ~10,575 . heD25 ~12.558 . :
9 23,983  =9,758 - 4£e925. ~10.975
10 184367 T =3.933 6,492 0.133%
12 17.083 ~7.950 4325 - =6.725 )
13 4.4"T00% ~20,092 6.358 . 164558 =-3,912
15 14.000 ~16.133. 54108% 14,767 =11,450
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Standard Errorg of Regresgion Coefficients

Steel 8B by SE by SE_bo SE b1y SE bjo )
1 0.791 0.559 0.559 0.968 1.937
2 0.382 0,624, 0.624 1.081 2.161
3 0.884 0,625 0.625 1.082 2.164
A 0.675 0.478 0.478 0.827 0.585 1.654
5 0,758 0.536 0.536 0.928 0.656 1.857
6 Oo 677 Oo 478 O. 478 O. 829 Oo 586 . 10657
8 1.363 0.964 0.964 ' 1.672 34338
9 1.221 0.863 0.863 1,496 2.991
10 0.564 04399 0.399 0.690 1,381
11 0,884 0.625 © 0.625 1.083 2.166
12 0.805 0.569 0.569 0.986 1,972
13 1,798 1.271 1.271 2.202 1.55 FAYAVA
14 1.784 1.262 1.262 2,185 46370
15 3428 2424 2424 4198 2.969 84397

The alloy thickness equations for the various steels indicated
the following:

(a) The equations for steels 1, 2 and 3 were similar and did not
differ to a statistically-significant degree.:

(b) ~The equabions for steels 4 and 5 were similar.
(¢) The equations for steels 6 and 7 were also similar.

(d) The equations for steels 8 and 9 were similar but the equation
for steel 10 was quite different.

(e) The equations for steels 11 and 12 were similar and also did
not differ statistically from the equations for steels 1,
2 and 3.

(f) The equations for steels 13, 14 and 15 showed marked
differences.

(g) The equations for stecls 1 to 12 inclusive fitted the data
better than the equations for steels 13 and 14, and
especially 15.




-~ 50 ~

. L = Proportion of Alloy (2)

The data used to caleulate each equation consisted of 18
prbportionfof-alldy measurements. The equations have been pldtted-rin
Figures 9 and 10. |

-Regreésion'Coefficients for Is

|2 I
ot
D

o
e}

, b 0k k- ba 0 by
1 61-167 T —180792 . 30258 ' —29!075
-2 - 59.700 . ~21,525 - 3.217%  =26.692
’3~ 60;034 521;742 3-325 ' —270592 .
4 59-134 "22-175 A '4'300 - ;240192
"5 58:800 ”23;875 - 50358 ~'"230392 |
6 63.784. -23.,600 : ~30.133
7 65,684 254350 ~30,500 )
g T1.484 ~21.042 - 3.333 @ =38.742 3.338
9 67.717 ~16.908 5.150 =33.142 - 5,088
10 - 56,850 - 24992 . 64458 o= 0,708% .. 4,200
11 594434 -~21,008 5250 24225 40050
12 - 58.050 - ~19,958 © 7.083 =23,958 - 2.912%
13 23.600 =33.342. 8,083 - 15,758 - =6.325
14 61.284 -18.208 R ~28.958
15' 38.817 . '"220092 ] T . ,,15.592*
© Standard Errors of Regression Coefficients -
Steel = - SBEDb,  SE by SE by  SEbyy - SE byo .8
1l 0.750 0.530 . 0,530 0,900 o 1,788
2 1.589 1,123 1.123 1.946 ' 3.892"
3 ~1.391  0.984 0.984 1.704 L © 3,408
. 4 lc3554 Op958 0-958 l.659 . a . . 3-318“
5 1.390 0.983 0.983 1,703 ' ‘3.406‘
6 "1.369 . 0.968 - -1.677. ' : 3.354 .
8 0.948 0.670 0.670 1.161 0.821 Re322
9 '10506 l¢065 li065 o 10844 ' ] 19304 . "30688
10 - l.324 0.936 0.936 1.621  ©  1.146 3.242
11 : 1.252  0.885 - 0.385 1.533 - 1.084 3,067
12 ' 1.718 1.215 1.215 2.105 1.400 " 4e209
13 1.265 0.895 0.895 1.550 1,096 - 3,100
1, 3.135 2,217 ©3.840 . 7.679

15 4o 391 3,105 54377 , 10,755




indicated

(a)

(v)

(c)

(d)_
(e)
(f)

(g)
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The proportion-of-alloy equations for the various steels
the following:

The equations for steels 1, 2 and 3 did not differ to a stptis-
tically-significant degree. Since the three equations were
similar they were combined for plotting to avoid confusion.

The equations for steels 4 and 5 were similar and were also
combined.

The equations for steels 6 and 7 were similar. TFor these steels,
the proportion of alloy was not significantly related to
immersion time.

The equations for steels 8, 9, 10 differed Lo a significant
degree. The nature of their differences may be seen in their plots.

.The equations for stecls 1l and 12 showed a small but statig-

tically-significant difference in bj.

The equations for alloy steels 13, 14 and 15 were significantly
different. The effect of immersion time on proportion alloy
was not significant for steels 14 and 15.

The equations for steels 1 to 13 fitted the data better than
the equations for steels 14 and 15.

Y = Coating Ductility

Rating:

1

D

SN~ W

Ui

= HExcellenl, no crackinge.

= Good, network of fine cracks.

= Fair, general cracking, small blocks.

= Poor, wide separation of medium-sized blocks.

= Very poor, general peeling of coating in large blocks. .

The data used here to calculate each equabtion consisted of 18

ductility vatings. The equations have been plotted in Figure 11.
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Regression Coefficients for ¥4

Sheel by by by bin © - B2
1 2,500 ~0.875 0,292 =0.542
2 " 24250 ~0.833 0.458 =0, 417%
3 2,250 . ~0.750 - 0,458 =0.500
4 24333 ~0.833 - 0.333 ~0.500
6 20333 "'0-833 0-375 ' "'00500_ o
7 2,417 0,833 0.292  -0.583 o
10 2,500 0.083% 0,417  =0.417 0.375
12

2'333 "‘00833 i 00333 "00500

Standard Brrorsg of Régression Coefficients

' steel - SE b, SEby  SEby . SE byl SE bo 8
2 0.161 0.114 0.114 0.198 ' 0,396
3 0,148 0.105 - 0.105 0.182 ’ 0.364
4 0,126 0.089 0.089 0.155 . 0.309
5 . 0.122 - 0.086 0.086 0.149 . - , . 0.299
6 0.133 - 0.094 0.094 0,163 ' 0. 325
7 0.110 0.078 0.078 0.135 0.270
10 . 0.041 0.029 0.029 0.050, - 0.035 - 0.100
11 04126 0.089 0,089 0,155 , - 0.309
12 0.126 0.089 0.089  0.155 - 0,309

The ductility rating equations for the various steels indicated
the followlng.

(a) The equations for steels 1, 2, 3, 4, 5, 6, 7, 11 and 12 dld
not differ statlutlcally. They were thorefore combined for .
plotting. ' ’ -

(b) The equation for gteel 10 differed from the others. The
- residual variance about the regression line was significantly
smaller than for the other equations, 1.e., the equation
fitted the data a little betbter.




Yr7.= Goating Adherence

Rating: 1 = 0.050 in. bend radius 5 = 0,192 in. bend radius
2= 0.070 " n " 6 = 0,252 " f n
3 = 0.100 " " " 7= 0,320 " n

4 - 0.144 n n u 8 - O.AOO H 1 1

The data used here to calculate .each equation consisted of 18

adherence ratings. The equations have been plotted in Figure 12.

Regression Coefficients for Yr

Steel by by by b11 by
l 4.667 "2-333 0.41'7 "1. 333
2 40633 -2.300 00467 ”10333
3 44600 =24300 0,467 ~1.300 -
4 4096'7 “‘2.308 00458 ‘ "'1.608
5 40967 "‘2. 308 0.458 "'1.608
6 4e533 ~24 308 0,408 ~1.175
’7 40433 "2q 308 0.408 "10075
10 5,500 ~0,792 04542 -0.575 0.388
11 ) 4117 -2.333 0.392 ~1,383
12 4.667 “2.31.7 00433 "10350

Standard Errors of Regression Coefficients

Steel SEby, SEby  SEbs  SEbyy  SE bio s
1 0.175 0,124 0.124 0.215 0.429
2 0.181 0,128 0.128 0.221 0.442
3 0. 17 0.125 0.125 0,217 0.433
4 0.166 0.118 0.118 04204 0.407
5 0,166 0.118 0.118 0.204 0. 407
6 0,149 0.105 0.165 0.182 0.364
7 0.141 0.099 0.099 0,172 _ 0.344
10 0.080 0,063  0.063  0.109 0.077 0.218
11 0.162 0.114 0.114 0.198 0.396

The adherence rating equations for the various steels indicated
the followings:
(2) The equations for steels 1, 2, 3, 6, 7, 1) and 12 did not

differ gtatistically. They were therefore combined for
plotting.
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(b) The equations for steels 4, 5 were also similar and were

combined for plotting.

(c)' The equation'for steel 10 differed from the other'equationst'
to a marked degree in the high aluminum range. '

gé'-;CQating Spangle Size (Spangles pPEr sde in.)

The data used:here to cslculate each equatipn'consiéted_of 18

spangle size measurements. The equations have been plotted in Figures

13 and 14. . _ .
~ Regression Coefficients for ¥g
Steel ko m b2 b1 ‘bz
1l 102,0 - 59.0 ;-18.3' - 2L.0
3 97.2 Co62.1 T w27.0 - 16.8
A 119.5 59,7 0 = TR - 42.2
5 106.7 5902 "1602 - 28.8
6 103Q3 . 56.7 . . "'26-0 - 20.7 ’
T 101.7.. 56,0 -28,1 - 18.3 :
8 143.3 51.2 ~32.8 - 76.1
10 Rh2e3 920.9 -3642 - =131.1 - =56.6
11, 292-8 172,.7 - =103.5 .- :
12 ©308.0 172.7. - - =118,.7
13 ’ 239.8 ‘ 10705 . "29.4 "11603
14 256'0 . 10705 : ' - "132.5
15 260.2 128.7 - L =122.5
_ Standard Errors of Regression Coefficients
Steel SE b, SE by SE bo . SE by SE byo - -8
1 7.84 5.54 5454 9.60 o 19,20
2 8,16 " 5.77 577 999 . ‘ S 19,99
3 9443 6.67. - 6,67 11.55 - T 23,10
L 4ol 2,91 2.91 5.03 . ' 10.07 .
6 9.40 6.65 6.65  1l.52 ' 0 23.03
7 9.18 6.49. 6,49 11.25 . . 22,49
8 14.06 9.94 9,94 - 17,22 C 0 BhdbS
9 - 13,39 - 9.4 947 16.39 : 32.79
B & , 20,29 = 1.84 - 25.7C 51440
14 ' 2,13 6.45 - 11.18 ' . 22,36

15 27.50 19.45 - 33.68 o 67437
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The spangle size equations for the varilous steels indicated

the following:

(a)

(b)
(e)
(d)

(65

The equations for steels 1 and 2 did not differ significantly
and were combined for plotting. The equation for steel 3
showed a small bub significant difference in "by".

The equabtions for steels 4 and 5 differed to a significant
degree mainly in the coefficients "bg, bo" and "byy'".

r

The equations for steels 6 and ( were similar and were combined
for plotting.

The equations for steels 8, 9 and 10 differed to a significant
degree. The extent of their differences may be seen from
their plots.

The equations for steels 11 and 12 differed to a minor but

_slgnificant degree, mainly in the coefficients "by" and "byj".

(£)

(g)

The effect of immersion time varistions on spangle size was
not significant for these two steels.

The equations for the alloy steels 13, 14 and 15 were significantly
different. The effect of immersion time variations on spangle
size was not significant for steels 14 and 15.

The equakions for steels 1 to 7, 13 and 14 fitted the data
better than the others,

Yo ~ Spangle Contrast of Coatling

7

Ratings 1

2

3

4

1

Good, spangles well defined.

i

Moderate, spangles well defined.

(H

Low or no contrast, spangles oubtlined only.

= No contrast (no spangles).

The data used here to calcuvlate each equation consisted of 18

spangle contrast ratings. The equations have been plotted in Figure 15.
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Regression Coefficients for Yg

Steel b by b2 b1 b2
2 147 0.53 0.13 1.50 . =0,23
3 1.7 0.53 0.13 1,50 =0.23
4 o . 1.55 ) Oo 53 0016 1.42 -0020_
5 1507 0453 0,13 1.7 ~0.20 -
6 - 1.83 0,39 - - 1,28 -
7 1.83 ’ Oo 39 - 1.28 "
8 2,17 - 0650 - 0.83 -
9 ’ 2.17 ’ Oo[;.9 - 0-84 " -
lO Co 1'()'7 - “‘0028 - OIAB -
. ll 1.83 X 0043 - 1032 -
12 . 1.83 0.43 - 122 -
13 . 2'50 001'7 - Oo83 -
14 3.C0 - - - 0,50 -
15 2.9 . 054 - ~0.34 -

Stendard Errors of Repression Coefficients -

Steel SEb,  SElb SEbp SE by,  SE byo s

1 0,07 . 0.05°  0.08 0,09 . 0,06 - 0,18 -

2 0.06 - 0.04  0:04 0.07 - 0.05 0.4

3 T 0.06 004 0.04 0. 07 0,05 . 0ul4

4 0. 04 0.03 0.03 0.05 - 0,03 - 0,09

5 0.04 0.03 0.03 0. 05 -~ 0,03 0.10

6 0008 00% - C.10 ) i - . 0.21

7 0.08 - 0.C6 - 0.10" ' - - 021
8 0.C6 . . 0,04 - 007 - 0,15

9 0007 0.05 - 0009 o - ’ 0018
10 0.09 - 0.C6 - 0.13 - 0.21
11 0,10 0.07 - 0.12 - - 0.24
12 0.10 0.07 - 0.12 . - 0.24,
13 0.06 - 0.04 - 0.07 - 0,15
14 0.00 - - 0,00 - - 0,00
15 0.c8 - 0.06 - © 0.10 - 10,19

The spangle conlrast equations for the various steels'indipéted
the following:

(a) The equations for steels 1 to 5 did not differ significantly
- and were combined for plotting. S '

(b) The effect of immersion time variations on spangle contrast
was not significant, for steels.6 to 15,

(d) The eqﬁations for steels: 6 and 7 were identical,
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(d) The equations for steels 8 and 9 did not differ significantly

(e)
(£)

and were combined for plotting. The equation for steel 10
was significantly different.

The equations for steels 11 and 12 were identical,
The equations for the alloy steels 13, 14 and 15 differed to

a significant degree. The equation for steel 14 fitled the
data exactly.

Y0 Coating Brightness

Rating:

o

I

0 to 1.25 pholometer units

1!

2
1.5 to 2.75 " "

1

3.0 to 5.5 . " "

L= 6.0 t0'11.0 " "

5

= 11.5 + n 1"

The data used here to calculated each equation consisted of 18

brightness ratings. The equabions have been plotted in Figure 16,

Steel

Regression Ccefficients for YlO

ko b by
2.11 “0-79 b
Re17 ~0.67 -
2..1./,;. "0075 -
2419 -0a.71 -
2.11 ~-0.83 -
2.00 ~0.50 0.50
1.92 ~0.50 0.58
2el5 ~0.83 0.58
2.25 “‘0050 0075
ZQOO ""Oo5o 0050
2-00 ‘"OQSO O.SO
2.00 =0.50 0.50
2.00 ~0.75 0.58
2486 =079 -
2.67 -0.50 0.€7
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(o)

(a)

(b)

(a)
(e)
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. Standard erors of Roprcqs1on Coefflclents

_s_g,;;o | smb;,* ‘SLbu‘_ s
0,08 . 0.10 - 0,33
0,08 0.C9 - 0,32
0,06 0.03 5 0,06 042
0012 ) 0-08 : . O.llp : . 0028
0.19 0.1/ S Y A o
0.11 0.08 . 0.14 0.28
0.10 0.12 - 0w
0.17 v 0.12 - 0,20 0.41

The brightnesslreadinglequetions indicated the following:

The equations for steels 1, 2, 3, 4 and 5 did not differ
51gn1flcantly and were comblned for' plotiing.

The equations for steels 6 and 7 were 31m11ar and were. also _
combined for plotting. :

The equations for steels 8 9 and- 10 differed to a signlflcant
degree. : : .

- The equatlonq for steels 10, 11 and 12 were 1dentlcal.

The equations for steels 13, 14 and 15 d:.fi‘ered to a s:.gnn_ficant
degree.

Xli - Coating Roughnesgs

Reting:

1
R
3

|

= Very smooth,

i

Moderately smooth.

= Fine to moderately rough sandpaper‘texture.

4= Rough texture or uneven surface caused by various defects

(rldges, dewetting, black spots, pimples).-

The data used here to calculate each equat:.on conelsted of

18 roughneeq ratlngs. The equations have been plotted in Flgure 17.
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Regression Coefficients for Y91

by by L2} b11 b12

1.00 0. Q7% - 0.57 0.10

1.00 0.12% - 0.55 0.18

1.00 0.10% - 0.57 0.15

1,27 0.23 - 0. 47 -

1.27 0.22 - 0.45 -

1.50 0.23 - C.28 -

1.15 0.21 - 0.6/, -

2.50 0.71 - 014 -

2.50 0.75 - ' 0.12% -

1.10 ~-0.08 ~0s13 0.32 ~0.13

1.00 0.13 - 0.63 -

1.00 0.05% - 0.55 -

1.97 0.75 - 0.28 -

4«00 0.50 - ~0.50 -

2.50 .11 ~0.08 ~-0.89 ~0.13
Standard Errors of Regression Coefficients

SE b, SE by SE_bo SE bll SE b1o S

0.04 0.03 - 0.05 0.04 0.10

0. G4 0.03 - 0.05 0. 04 0.10

0.05 0.03 - 0.C6 0.04 0.12

0.CH 0. 04 - 0.07 - 0.14

0.06 0.04 - 0.07- - 0.14

0.03 0.C2 - 0.03 S - 0.07

0.C6 0.C4 - 0.08 - 0.15

0.05 0. CA - 0.06 - 0.13

0.03 0.02 - 0.04 - 0.09

0. 04 0.03 0,03 0.C5 0.03 0.09

O. 05 Oc Oz;, - 0006 - 0013

0.04 0.03 - 0.04 - 0.09

0.02 0.CL - 0.02 - 0.04

0.00 0.C0 - 0.00 C- 0.C0

0.05 0,03 0.03 0.C4 0.03 0.09

The coating roughness equations for the various steels indicated

the following:

(a)
(b)

(c)
(a)

The equations for steels 1, 2 and 3 did not differ to a
significant degree and were combined for plotting.

The equation for steels 4 and 5 were also similar and were
combined for plotting.

The equations for steels 6 and 7 were significantly different.
The eguations for steels & and 9 were similar and were combined

for plotting. The equation for steel 10 was significantly
different.
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(e) The equations'for steels 11 and 12 were similar and were
combined for plotling.

(f) The equations for steels 13, 14 and 15 dlffered to a
' significant degree.

(g) The effect of immersion time variations on rOughnesq was
found to be significant for steels 1, 2, 3, 10 and 15,
but not for Lhe others.

" (h) The equation for steel 14 fitted the data exactly.

Yy, = Average Gein in Diffusivity (4)

Variation in-aluminum confent of>the bath qnd in immersion time
failed to.éﬁow a signifiéant effect ﬁppn diffusivity during the
hunidity tests. vstéels 8, 9, 13, 14 and 15 were not inecluded in this
test. Nine figurés were available for each steel except for steels 2

and 3 where one figure was missing.

The average diffusivities for each steel togethér with the
95% confidence limits for each average are shown below. There are no

significant differences within this group of averages.

Steel Average Gain in Diffusivity (%)
1 58 k 34
2 63 = 38
3 48 = 31
4 65 % 4
5 63 = 40
6 4% 16
7 36 = 20
10 ' 20 & 2/,

iR 30 =% 24
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Y13_~ Weight Gain After Humidity Test (g)

Variation in aluminum content of the bath and in immersion time
failed to show a significant effect upon weight gain from corrosion for
most of the steels, OSteels 1, 2 and 10 did show some statistically
significant effects. However, these may be of no practical value. Steels
8, 9, 13, 14 and 15 were not included in this test. Nine figures were

available for each steel studied.
The significant relationships have been plotted in Figure 18.

Regression Coefficients for Y13

Steel bo b1 bo b1 boo . bi2
1 0.0171 - - " w0, 0067 0.0102 0.0078
2 040269 - - -0, 0122 .. -
10 0. 0150 0. 0068 -0.0024 0.0051 0.0051  -0,0035

Standard jirrors of Regression Coefficients

steel,  SE b, SE D SE Do SE b1;  SE by SE b1
1 0.0023 - - 0.0022  0.0022 0. 0015
2 0.0028 - - 0,003 - -
10 0,0006 ~ 0.0003  0.0003  0.0006  0,0006 0,000

The average welght gain from corrosion for each steel together
with the 95% confidence limits for each average are shown below. There
are no gsipnificant differences within this group of averages. The
readings for steel 12 showed significantly more scatter than for the

other stesls.
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Steel Averape Weight Gain (g).
1 0.0194 * 0.0066
2 0.0188 % 0,0058
3 0.0206 = 0.0077
AL 0.0165 = 0.0047
5 0.0149 = 0.0058
6 0.0190 # 0.0063
7 0.,0189 % 00,0072
10 - 0.0218 = 0,0059
11 00,0216 = 0,0069
12 - : _0.0280  0.0221

‘Variétion in aluminum content of the'ﬁath'and in immersion time
fgiled to show a significant effect upon weight loss. from corrosion
for most of the stéels. Steels 1, 2 and 10 did sﬁow some statistically '
significant effectb but these may be of no practlcal value. ‘Steels 8,
B 2 13, 14 and 15 were not included in this'test. Nine figures wére

available for each steel studied.

The significant relatnonshlns have been plotted in. igufe 19.

Reﬂge sion Coofflernbu for 114

teel by b by
O 0.0899 o~ ~0.0446
0. 0731 - - =0.0373

3 - 0.0490 0.0218 0, 0187

. Shandard brrors of Resression Coefficiants

Steel, SEb, - SER 8B by
1 0.0086 - | 0. 0106
2 0.0063 S -  0.0077

The averasge weight lOuw from corrogsion for each steel togebher
thh the 95% confldencm ]LmLLb for each (vnrage are showm below, There

are no significant dLFfernncen within this group of averages. -
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Steel Average Heizht Loss (g)
1 0.0602 = 0.0203
2 0.0433 &+ 0,0163

0,0533 = 0.0251

A 0.0480 + 0,0114
5 0.0445 + 0.0166
6 0.0500 & 0.0183
7 0.0656 % 0.0256

10 0.0615 = 0.0195

11 0.0576 = 0.0172

12 0.0697 = 0,026/

=~ Gorrosi 3 ater Fi st
Lst X orrosion Index (Water Film Test)

Variations in aluminum content of the bath and in
immersion time failed to show a significant effect upon either the
black or the white corvosion indices for both the 24 and 48 hour tests for

all steels. Nine figures were avallable for each steel for each test.

Some Variation in the indices for white corvosion was obbtained
but no significant relationships were found. The indices for black

corrosion were all "o', i.e. no corrosion was observed.

The average whibe corrosion indices for each steel together
with the 95% confidence-limits for each average are shown below. There
are no significant differences within these two groups of averages.

Only steels 8, 9, 13, 14 and 1% weres tested in this manner.

Steel Average White Corrosion Index
24 o 48 T

8 2.3 £ 0.6 3.1 = 0,7

() 208 d Oo[}- 30? B Oulp

13 2.9 & 0.5 3.4 = 0.5

l!;, "3l % 005 3-'!# & ON[P

15 2.1+ 0.6 Fad £ 045
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¥ = Aluninun Content of Coatings (%)

The data used ﬂeré to calenlate each equation consisted of 18
aluminum analyses. Only coatings depésited from baths Contéining’0.075%
and 0. l5p alumlnum were. analysed for alunminum content. The experiment,
a8 far as this varlable is cmcprned, is therefore a’2x3 factorial
design, two levels of alumlnwn in the bath and three immersion times,

The equations derived have been plotted in Flgure 20,

Regrésg};_ fflclents for Y17
- Steel bo by b1

1 0,243 . 0.321 0. 045%

2 0:243 06341 0.093

3 0.252 0.321 0, 062

L 0.244 0.221 =

5 0.254" 04326 ° 0.102

6 . 0,252  0.357 0.087

7 0.256 . 0.367  0.157
8 . 0,248 0.360 - 0.055

9 10,249 0,320 -

10 - 0.246. 0,294 0,058
- ll ’ O. 257 ) ., Oo _317 . : -.
12 04254 0.293 -
13- “0s220 0,322 .-
14 0,227 0.350 0.058%
15 0.224 0.259 -

Standard Errors of Repgression Coefficients

@

Ste

1 SE by SE by SE bip '8
1 0.021 0:030 0,026 0.063
2 0,016 0.R3. 0. 020 0.049
3 0.013 0,018 0,016 0.039
A 0. 015 0.021 - 0.044
"5 0,021 0,030 0,026 0.064
6 0.016 . 0.022 0.019 0. 047
7 0.007 0,010 0,009 0.022
8 0,012  0.017. 0.0, : 0.035
9 10,016 0.023 - 0.043
10 0.010 = 0.015 0.013 0.031
11 0.021 0.029 - . - 0.063
12 0,015 0.021 - 0.044,
13 0.018 0. 026 - 0,055
1, 0.022 0.031 0.027 . 0.066
215

C. 017 0.023 - . 0.050




steels indicated the following:

(a)

(b)

(c)
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The aluminum content of coating equations for the various

The equations for steels 1, 2, 3, 5, 6, 7, &, 10 and 14 did
not differ significantly and were combined for plotting.

The equations for steels 4, 9, 11, 12, 13 and 15 were also
gimilar and were combined for plotting.

The two groups differed mainly in the presence or absence

of the interaction term "bjo".

EXPERIMENT "B

L; = Coating Height (oz/sq £t - sheet)

The daba used to calculate each equation consisted of 18

coating welght measurements except for steel 5 where only 12 were

available.

and 28, were omitted for steel 5.

Figure 21.
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2779
2,322
2.39¢
2147
Lo 307
3,511
4542

=1

-0.10

I

In the data received, the results for four baths, 25, 206, 27

The equations have been plotted in

be
0. 371
0. 452
0,528
0.450
Qe 459
Q477
0534
0,372
0. 360
0,373
04405
0. 371
2.317
0.546
2.095

Regression Coefficisnbs for ¥q

Bon

0.155
0. 07 3%
0.184
0.100
0.171

0,150
0. OV
0. 075
0.797

1.067

o
=
Re]

(.258
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Standard Errors of Regression Coefficients

Steel SE_bq SE by SE by SE boo SE b2 S
1 0.012 _ ~ 0.015 _ 0,052
2 0,019 . o 0.023 . : 0.080.
3 0.027 0.019 0.033 0. 066
A 0.02. _ 0.015 0.026 0.015. 0.053.
5 0.026 . _ - 0.016 0.031 . - 0.045
6 0.011 0.008 0,013 . 0.026
(i - 0,020 o - 04014 - 0.024 . 0.048 .
8 0017 0,021 L | 0.073
9 0.014 ' ‘ 0.017 B 0.059

10 0.019 : 0.014 0.023 , 0.047
11 0.024 . 0.917 0.029 0,058
12 0.015 0,011 0.018 0.036
13 0.042 ' 0.030 0.051 0.103
14 0.048 0.034 ‘ , 0.117
15 - 0.059 0.034 0.042 0.073 0.042. - 0.145

The coating weight cquations for the various steels indicated -

the following:

(a)

(b)

(e)

(d)

(e)

(£)
(g)

The equations for steels 1, 2 and 3 differsd to a statistically-

gignificant degree. The effect of varistions in lead .content
of the bath upon coating weight was only significant for. steels
4 and 15. , ‘ ’

The equations for steels 4 and 5 differed to a statistically-
significant degree. ' .

The equations for- steels 6 and 7 differed to a statistically—
gignificant degree. h

The equations for stecls & and 9 did not differ significantly and
were combined for plotting.' They did differ from the equation -
for stesl 10.

The equations for steels 11 and 12 differed to a statisticailym
significant degree. :

The equations for steels 13, 14 and 15 also differed.

The equations for steels 1 to 12 fitted the data a little better
than the equations for slteels 13, 14 and 15.

Y, - Iron Gontent (g/mR)

The data used to caleulate each equation consisted of 18 iron

content measurements excepl for steel 5 where only 12 were available.

The equations have been plotted in Figure 22.
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Regression Coefficients for Y2

steel bo by by ko 1o
1 34.95 9.50 1.93
2 3417 9.53 1.35
3 33.18 10.26 2.42
4 35.13 8.83 1.27
5 324 47 8.96 2,68
6 39.95 10.02 2.32
7 39.25 11.08 241 ‘
8 39097 "‘1.80 7. 58 1028 0098
9 39058 -0.69* 7.05 ' 1035 1003
10 36.07 7.59 1.44
ll 40. 58 ll. ll - 061
12 38.97 ’ 9.60 ~3.20
13 78,00 32,83 8.97
14 41,68 1.65 9,63
15 69.67 ~1,07 33.54 13.36 2,02

Standard Errors of Regression Coefficients

Steel Sk by SE by SE by SE b22 SE_Dbyo S
1 . 0.28 0.20 0.35 070
2 0.37 0.26 0.45 0.90
3 0.49 0.35 0.60 1.21
4 0.36 0.25 0. 44 0.88
5 0.13 0.08 0.16 . 0.23
6 0.71 0.50 0.87 1.74
7 0.45 : 0.32 0.55 1.10
8 0.33 0.19 0.23 0.40 023 0.81
9 0.43 0.25 0.31 0.53 0.31 1,06
10 0.83 0.59 1.02 2.03
11 0.76 0.54 0.93 1.86
R 0.36 0,25 0.44 0.87
13 0.92 0.65 1.13 2.26
14 0.48 0.28 0.34 1,17
15 0.55 0.32 0.39 0.67 0.39 1.34

The iron content equations for the various steels indicated

the following:

(a) The equations for steels 1, 2, 3, 4 and 5 did not differ to a
significant degree. The equations for steels 1, 2 and 3 were
combined for plotting as were also the equations for steels
4 and 5.

(b) The equations for steels 6 and 7 were similar and were
combined for plotting.




(o)

The equations for gteels 8 and 9 were similar and were comblned

for plotting. The equation for steel 10 differed from those for

(d)
(e)

steels 8 and 9. The effect of variations in lead content of the
bath upon iron content of the coating was small and only
significant for steels 8, 9, 14 and 15, '

The equations for steels 13, 14 and 15 differed to a staxistically

significant degree.

The equations for: steels 1 to 4, 7 to 9, 14 and 15 fitted the
data betbter than the equations for steels 6, 10,:11, 12 and 13,
The equation for steel 5 fitted the data better than any of the

‘ others. < : .

I = Steel Woight Loss (z/m2)

_The data used to calculate each equétibn consisted of 24

steel weight loss measurements except for steel 5 where only 16 weore

aVallable.'

The equatlons have been plotted in Flgure 23.

B‘gre881on Coefflcients for Y3

Stel B B Dby
1 36,62 9.26 -+ 171
2 37.21 9,99 '
3 36.76 10,12
4 38,02 10.42
5 35437 0.6l
6 40,89 9429
7 39.39  10.00 . 2.62
8 © 36,50 9.72 .
-9 37.35 9.97
10 38.81 8,05
A1 39.58 9.51 _
12 37.29 9.90 1.69 _
3 . T77.19 37459 11.51

15 7552 3731 8.22



indicated

(a)

(b)
(c)

(d)

(e)
()

(g)
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Standard Errors of Regression Coefficients

Steel  SE b,  SEly  SE bos s
1 0.28 0.20 0.34 0.79
2 0.22 0.27 1.09
3 0.07 0.08 1032
4 0.16 0,20 0,80
5 0./1 0.48 - 1.58
6 0.30 0.33 1.31
7 0.35 0024, 0.42 0.98
8 0.52 0.63 . R.53
9 0.18 0,22 0.88
10 0.19 0.2, 0.94
11 0,27 . 0.33 1.33
12 0.46 0.32 0.50 1429
13 1.28 0.91 1.57  3.63
14 0,54 0.66 2.63
15 1,73 1.23 2.12 4+90

The steel weight loss equations for the various steels
the followings -

The equations for steels 2 and 3 did not differ to a statistically-

‘gignificant degree and were combined for plotting. The equaticn

for steel 1 differed only slightly bub significantly from those
for steels 2 and 3.

The equations for steels 4 and 5 differed to a significant degree.

The equations for steels 6 and 7 showved minor but significant
differences,

The equations for steels & and 9 werc similar and have been
combined for plotting. The equation for steel 10 differed
significantly from those for steels 8 and 9,

The equations for steels 11 and 12 showed minor but significant
differences.

The equaticns for steels 13 and 15 were similar and were combined
for plotting. The equation for steel 14 differed significantly
from those for steels 13 and 15.

The effect of variation in lead content of the bath upon steel
weight loss was not significant for any of the steels tested.

The equation for steel 3 fitted the data slightly better than the
equations for stecls 1, 2, 4, 6, 7 and © to 12. The equations for
this group fitted the data better than the equation for steel 5

which in turn fitted the data better than the equations for steels
8 and 14. The equations for steels 13 and 15 were the poorest fit

of all.
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| 1,=-Alloy Thickness (nm x 10°2)

The data used to calculate each equation consisted of 12 alloy
thickness measurements except for steel 5 where only 8 were available.
The equations have been plotted in Figure 24.

RegfesSion Coefficients for Y4

Steel b, b o b2z
2 31.42 . 9.99
3 31.39 : ; - 10,21
A 33.26 : : o 8.21
5 32,73 _ 7.93
6 36430 8.74 1.86
7 35.90 . 92.86 2e51
8  34.24 , 8454 ,
9 3/{,;23 ‘ ) 8071 .
10 31.60 : 7.26 2.06
12 30.78 _ : 9.26
13 99.52 . 52,16 ' : ‘11.71
14 43431 ' : 92.1¢ : -
15 88.15 ~4451 48,774 - 20.61
Standard FErrors of Regression Coefficients
Steel SE_bg _ SE by SE by SE_boo S
1 0.39 0./8 , 1.35°
2 0435 . 0u43 . ‘ 1,21
3 0.41 ' . 0.50 o 1.43
L 0e26 0.32 ' o 0.92
5 0.4 . 0.47 1,11
6 0.19 : : 0.1 0.2 0.29 |
7 0.16 . 0.11- 0.19 0.32
8 0.40 0.49 1.40
9 0.41 0.50 : 1.1
10 0.41 - ' "~ 0.29 0.51 : 0.83
11 0.21 ' 0.15 . " 0426 0.42
12 - 0419 : . , 0.24 4 : : 0.6
13 1.21 ' 0.86 - 148 " RJ42
14 0.67 0.82 ' ' 2633

15 7 - .09 . 1.89 - 3.9
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The alloy thicknegs equations for the various steels indicated

the following:

(a)
(b)
(e)
(d)

(e)
(£)

(g)
(h)

The equations for steels 1, 2 and 3 did not differ to a
gignificant degree and were combined for plotting.

The equations for steels 4 and 5 were also similar and were
combined for plotting,.

The equations for steels 6 and 7 showed a minor but significant
difference in "bp".

The equations for steels 8 and 9 were similar and were combined
for plotting. The equation for steel 10 differed from those
for steels 8 and 9,

The equations for steels 11 and 12 differed to a minor but
significant degree. The equation for steel 11 had a significant
term for "boo", that for steel 12 did not.

- The equations for steels 13, 14 and 15 differed to a significant

degree. Alloy steels 13 and 15 differed to a very marked degree
in alloy thickness from all the other steels tested.

The effect of variation in lesd content of the bath upon alloy
thickness was only significant for steel 15,

The equations for steels 6, 7 and 11 fitted the data a little
better than the equations for steels 1 to 5, 8 to 10 and 12,
which group in turn fitted the data better than the equations
for steels 13, 14 and 15,
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I5 - Proportion of Alloy (%)

The data used to calculate each equation consisted of 12
proportionrof-ailoy measurements except for steel 5 where only 8 were

“available. The equationshave been plotted in Figure 25,

Regression Coefficients for Y5

Steel by ‘ by
1 61,49 . 8.¢8
2 65.11 7.81
3 C65.09 .. 654
A 63,21 4,e19
5 67.01  3.33
6 . 60.83 £e18
7 65.76 - be34
8 | 58,28 6,78
9 C 57434 7432

1 S 60e43 . 6452
13  93.34 6.18
15 88.68 o 8.39

Standard Errors of -Regression Coefficients

Steel SE b SE ¥
1 0.56 0.69 L.94
2 0.88 1.c8 3.05
3 1.15 0.81 2,29
4 0492 1.12 3,18
5 0.83 0.96 2.26
6 0.15 0.18 0452
7 0.25 0.43 1.20
8 0.56 0.69 1.95
9 T Ou62 Ou '76 . 2.1[{
10 C 0.5 0.56 1,57
11 0.24 0.29 0,82
12 0.62 0.76 2.14
13 l.42 1.74 4o 91
14 1.23 1,50 4e25
15 0.81 0.99 2.81

The proportion of alloy equations for the various steels
indicated the following: ‘ ; ,
(a) The equations for steels 2 and 3 did not differ to a statistically«

significant degree and were combined for plotting. The equation
for steel 1 differed from those for steels 2 and 3.
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(b) The eguations for steels 4 and 5 differed to a significant degree.
(c) The equations for steels 6 and 7 differed to a significant degree.

(d) The equations for steels & and 9 were similar and were combined
for plotting. The equation for steel 10 differed significantly
from those for steels 8 and 9,

(e) The equations for steels 11 and 12 differed to a significant degree.

(f) The equations for steels 13, 14 and 15 differed to a significant
: degree,

(g) The effect of variation in lead content of the bath upon proportion
of alloy was not significant for any of the steels tested.

(h) The equations for steels 6 and 11 fitted the data a little better
than the equations for steels 1, 3, 5 and 7 to 10, which group
in turn fitted the data better than the equations for steels 2,
4 and 15. The equations for steels 13 and 14 were the poorest
fit of all,

Y6 = Coating Ductility
Rating: See experiment "A",

The data used here to calculate each equation consisted of 12
ductility ratings except for steel 5 where only 8 were available. The
equations have been plotted in Figure 26, Panels from steels 8, 9, 13,
14 and 15 were not tesled for ductility. Ratings for steels 7, 11 and

12 were estimated.

Regression Coefficients for Yé

Sheel bo _122 _1222
1 3.25 0.31
2 3.21 0.25
3 3.C0 0.25 0.25
4 3.21 0.21
5 3.00 0.25 0.25
6 3417
7 3.C8
10 279 0u44
11 3.08

12 3.08
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'Standard Errors of Regression Coefficients

Steel.  SE bo . 8B bo SE bo2 -3
1 0.06 0.08 0622
2 0.04 0,06 0.16
3 0.00 0.00 - 0.00 0.00
4 0.C6 0.08 0.21.
5 0.00 0.00 0.00 0.00

6 0.06 0.C7 0.19
7 0,06 } 0,20
10 0008 0109 N 0026
11 0.06 0,20
12 0.06 0.20

The ductility equations for the various steels indicated

the followings

(a)
(b)
(c)
(@)

(e)

The equations for steels 1, 2 and 4 did not differ to a
significant degree. . : S

The equations for steels 3 and 5 were identical and fitted
the data exacltly.

The equation for steel 10 differed from the others.

Steels 7, 11 and 12 failed to show a ductility, immersion
time relationship. The ratings used for these steels were
estimated. :

The effect of variation in lead content of the bath upon

ductility rating was not significant for any of the steels
tested. S T - '
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In = Coating Adherence
Rating: See Experiment "A".

The data used here to calculate each equation consisted of 12
adherence ratings except for steel 5 where only & were available. Since
the ratings given for the various steels for each experimental condition
were very uniform, only one equation was developed. This apﬁlied to all

the steels tested.

This equation is given below together with the standard errors

of the "bg", It is plotted in Figure 27.

Ty = 6.54 + 0,99 xb + 0.46 x5*
SE b's 0.0l 0.0l 0.01
S = 0.073

¥y - Coating Spangle Size {Spangles per sq in.).

The data used here to calculate each equation consisted of 12
spangle size measurements except for steel 5 where only 8 were available.
The equations have been plotted in Figure 28,

Regression Goefficients for Yg

steel b by b b By

l ]5-00 - 9033

2 1/.83 - 9.50

3 12.00 - 6.50

4 9.33 = 483

5 10.67 - 6.33

6 19.75 -15.08

7 21,75 =16.92

8 6.17 - 3'50

9 5.83 - 3.17

10 9.67 - 5033 :
13 13.00 - 6,92 6,62 9.62 -7.88
12 13.00 ~ 5.58 438 7.38 -5.88
13 13.42 - 2.92 4el2 462
14 5.C0 - 3.8 ~2.25 275 1.75
15 6.67 -~ 2.83
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Standard Lrrors of Regresgion Coefficients

Steel SE bg SE_bn SE bo S boo SE b, s
1 2439 2439 8,26
2 2,88 2.88 9.97
4 0,57 0457 ’ A o 1,96
5 0.99 0.99 - . , 2443
6 1.07 1.07 3.69
7 S 127 1227 ' o Lel
8 0.20° 0.20 . 0.2,  0.68
9 0.25 0.25 : 0.31 0.87
10 0.82 0.82 _ ' 285
11 1.23 0.71 0.87 - 1,51 0.87 2.6
12 1.20 0,69 . 0.85 L. 47 0.85 - 2,41
13 0.98 0.98 1.20 ©1.20 3.38
14 0.29 0.22 0.27 0.47. 0,27 0.24
15 0.59 0. '

59 4 ' 174

‘The spangle size equations for the various steels indicated’ -

the followings

(a)

(b)

The equations for steels 1 and 2 did not differ to a
statistically-significant degree and were combined for plotting.
The equation for steel 3 differed from those for'steels 1 and Pe.

The equations for steels 4 and 5 did not’ dlffer to a statlstlcally—

-~ significant degree and were combined Ior plottlng.

(c)

(a)

(e)

(£)

(g)

(h)

The equations for steels 6 and 7 were also 51milar and were
combined for plotting.

The equablons for pteels 8 and 9 were similar and were comblned
for plotting. The equation for steel 10 differed signlflcantly
from those for steels 8 and 9.

The equablon; fox steels 1) and 12 were similar and were COmblned
for plotblng.

The equatlonb for steels l3, 1/ and 15 differed to a Slganlcant
degree. '

"The effect of variation in immersion time upon spangle size was

significant for steels 11, 12, 13 and 14, bui not for the others.

The equations for steels 8, 9 and 14 fitted the data better
than the equations for steels 3 to 7, 10 to 13 and 15, which
group in turn fitted the data better than the equatlon% for
steels 1 and 2. . :




Yo_- Spangle Contrast of Gogting
Rating: See experiment "A".

The data used in these calculations congisted of 12 spangle

contrast ratings except for steel 5 where only 8 were available.

The spangle contrast ratings recorded varied from 2.0 to 3.5

in steps of 0.5. About 77% were rated as 3.0, 13% as 2.5 and 9% as 3.5.

Steels 6, 7, 10, 11 and 13 showed no variation at all. Data for
the other steels indicate that there was a small increase in contragst
rating with an increase in lead content of the bath from 0.3 to 1.0%.
There was also a tendency for the rating to increase with an increase In
immersion -time. These changes were small and no graphs have been plotted.

The average spanile contrast ratings for the various steels

were as follows:

Steel Contrast Rating
1, 2, 3, 4, 5 2.9
6, 7, 10, 11, 12, 13 3.0
8, 9 3.1
1/, 3.3
15 2.5

Y1a =~ Coating Brishlness
10 Q.

Rating: See experimenk "AM,
The data used in these calculabions consisted of 12 brightness
1,

neasurenents except for steel 5 where only 8 wers available. -

Q4

Steels 1 Lo 7 and 10 to 12 inclusive talen as a group indicabed

that an incrsase in immersion bime from 1 bo A minulbes decreased the brightne

AT
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rating from aboub 3.0 to about 2.5. An increase in lead content of the
galvanizing bath from 0.3 to 1.0% tended to decrease the brightness rating

by about 0.5 units for the 2 and 4 minute immersion times.

Steel 8 followed the game general pattern but the measurements

were about 0.5 units higher.

With steel 9 an increase in lead content of the galvanizing
‘bath from 0.3 to 1% increased the brightness measgurement from 3.0 to 3.5.

No other effect was aﬁparent.

~With steel 13 an increase in lead content of the bath'from 0.3'

to 1% increased the brightneés measureméﬁt from about 3.8 to 5.0.

Steel 14 showed a small drop (0.5 unitg) in brightness rating

with an increase in immersion time.

Stz2el 15 shoved a tendency toward an increase in brightness

measurement with an increase in immersion time.

The average brightness ratings for the various steels are as

-

follows: .
Bteal Brightness Rating

l’ ll . 2'8
L2, 3 ‘ 2.5
by 5, 7,12 2.6

. 6, 10 2.7
8 - 3.0
9 ‘ 3.2
13 - hedi
14 3.1
i5 3.8

No graphs have been plotted for this section, .
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Ill - Coalbing Rowchnesg
Rating: See experiment "A",

The data used in these calculations consisted of 12 roughness

ratings excepl for steel 5 where only 8 were available.

Steels 8 and 9 showed a tendency for the roughness rating to
increase aboulb 0.3 with an increase in lead content of the galvanizing

bath from 0.3 to 1% Pb.

~Steel 13 showed a tendency for the roughness rating to increase

about 0.5 with an increase in immersion time from 1 to 4 minubtes.

The other steels faijled to show significant relationships for

the roughness rabing,

The average roughness ratings for thervarious sieels are as
follows:

Steel Roughness Rabing

1, 35 4y 5, 77, 9, 10, 11 1.5
12, 15

OGN
-
-
LSS
N e
N2 GO~

>~

No graphs have been plotted for this section.
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- Y35 = Average Gain in Diffusivity (%)

173.~ Weight Gain After Humidity Test (g)

Y7) - Weight Loss After Humidity Test (g)

Yy5 = Corrosion Index (White), 24 hr Water Film Test

Yi4 - Corrosion Index (White), 48 hr Vater Tilm Test S X

Variaﬁion'in'lead-conténtlbffthe~ba£h,and in immersionntime
faiiéd*to'shOw a,significant'effect,upbn ahy of the above dependent
veriables. Six figures were available for each steel for most of the .

tests. In all there were nine missing figures'ih these tests;

The indices for black corrosion were all "o", indicating no

observable black corrosion.

The averages for éach steel‘for~each Qf thege variables together

with the 95% confidence limits for each average are as followss

Steel | b4 13 XlA A L5 116
(%) () (e) " (Index) - (Index)
1 23 % 16 12 % 5 36 % 14 - : -
2 40 %= 15 9% 2 3% 9 . - -
.3 28 & 15 15 + 13 49 + 38 - -
4 33 & 24 11 = 4 L1 =23 - -
5 31 % 23 11« 3° 34 % 13 - -
6 19+ 21 . 154 .7 40 19 - -
7 35 & 23 11 = 2 41 =+ ’9 - -
) - - T 2.5 & 0,3 3.0 & 0.7
9 - - - 2.8 & 0,3 3.4 = 0.5
.10 28 & 18 11+ 7 48 = 13 - -
11 23 & 12 12+ 1 3L+ 6 o -
12 27 13 -~ 1f == 3 A = 15 - S
13 - - T 207 & 005 302 g 005
1{;. - - - 3-2 * 0.5 3-5;* 005 ‘
15 - - - 2.7 0.8 2% 0.7 L

There are no significant differences within each set of

averages.




SULT{ARY

The naturs of the relationghips studied may be seen by

reference to the equations listed and their plots on the attached graphs.

The effect of immersion time upon the various dependent
variables in experiment "A" appears in general to be linear. If the 0.3%
Pb tests in experiment "B were combined with the experiment "A" series,
it would be found that many of these variables would show a curvilinear

relationship with immersion time,

The full hard steel, 10, and the alloy steels 13, 14 and 15
do not a ppear to follov quite the same pattern as the others. The steel
14 relationships resemble the others more than do those for steels 13 and
15. The stesl 14 coating buildup tended to taper off after the first
minute of immersion time as did most of the others, but the coating buildup

for steels 13 and 15 continued at a high rate.

Variabion in the lead content from 0.3 to 1,05 had very litile
effect (experiment "B") upon most of the dependent variables measured.
Tts main effect appeared to be on spangle size. An increase in lead contvent

tended Lo increase the spangle size.

TFor each variable bhroughout the fovegoing text, the nuaber
of figures used in the regression calculations has heen provided. For
variables Yy, Yg, Yo, Y10, Y17, Y15 and Y14 each individual fipure used
in the calculations was an average of two individual figures obtained

from the experiment under identical condibions.




The data obtailned from the accelerated corrosion tests in
both experiments faiied to yield concrete information. Suchvinformatidn
as was prov1ded was inconclusive and reappraisal of the tests used

appears adv1sable.

It is to be noted that atmospherlc corrosion testa at a
fully instrumented semi-industrial gite are in progress and the reaults

obtalned w111 be made avallable at 8 later date.
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