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APPENDIX I

DATA ON MAIN SERIES OF TESTS IN PHASE I OF GALVANIZING PROJECT ZN-7

by
Je Ja Sebisty
June 25, 1958

~ INTRODUCTION
In this aeppendix, date perteining to the work carried out:
at the Mines Branch on phase I of the galvanizing résearch project
are given in tabular form. In order to save space, only typicel melt
and galvanizing logs have‘been included and the coating test results
have been averaged. For illustrative purposes, complete coating
test results are given for two typicel series of specimens. The

verious tables included are identified as follows:

Table 1. Typical galvanizing melt log.

Table 2. Typical galvanizing log.
Table 3. Coating test results for typical series of
specimens.

Table 3 (a). Swface appearance rating codes.
Table 4. Average coating test results.

Table 5. Combined coating tesgt results. (These were
derived from the findings of the preliminsry
statistical study given in appendix III(a).
The values listed were used for graphical
presentation of the coating test results in
the paper and research report covering this
part of the work).

o0
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TABLE 1 -

Typical Galvenizing Melt Log

MINES BRANCH

PHYSICAL METALLURGY

DIVISION

NON-FERROUS SECTION
GALVANTZING MELT LOG

Project Zn-7
Dates Nov., 21/57

Melt No., €U (Bath No. 1)

Charge 39.6 1b

Metal Composition Form Amount
Zn 99.99 % . ingot 34435 1b
Pb 99.99 % Shaet 88.5 g
Fe~Zn magter 0.42 % TFe ' shot - 3.2 1b
Al-7Zn master 4.0 %Al u - 1.86 1b
Procedure Time Temp Remarksa
Furnace on . 8445 a.n, -
Zine charged . LA -
, 11,05 " 500°0
Alloying o
Pb . 8- 4.5 f ) - "
Fe-Zn 11,05 ¢ 500°C
Al-Zn 11.15 n 50000 S _ L
extrs Fe~Zn (130 g) . 1.20 pem. 480°C |} added after galvenizing of .
oxtra Al-Zn ( 50 g) 1.35 A75°0 ) each lot of 12 large specimens
Poured ,
to ingot after :
galVaniz;pg run . 4£e20 pom, A40°0

Bath composition

ﬁe % A% T 7%

Nominagl
~Actunl

1.35 pum. Start of dipping| 0,030 | 0,19 | 0.50

0,032 0,19 0.50 [teken after 24 large epecimeﬁs

255 " 2nd sample
4el5 % Iind of dipping 0,027 - | 0,19 0449

0,03 0.2 0s5

dipped)

EEit
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TABLE. 2

Typical Galvenizing Log:

MINES BRANGH
PHYSICAL METALLURGY
DIVISION

NON-FERROUS . SEGTION
GALVANIZING IOG SHEET

Project Zn-7
Date: Nov. 21/57

Melt No. CU (RBath No. 1)

Test Noe. 1, 2, 3, 4

Material Treated
48 specimens, 4-1/2-in.

X 6"1/2"ino

(24 each of No, 5 & No. 3 steel)
12 n s 3-in. x 3~-in.

Pickling 6_each of No, 5 & No. 3 gteel)
Sample No. Acid Cone Inhibitor Time & Temp Rinse
A1l 5% HgS0, sol'n. |1/2% by volume| 5 min at 71°C |Scrubbed and then
' of acid ringed for 1 min
(Rodine 92) in cold running
water, Dried in
acetone.
Fluxing
Sample No. Flux Density Time & Temp Drying Time & Temp
AL Zinec chloride - 10.4° Baumé 1 min at 82°C |1.5 %o 2 min
Ammonium chloride at 160 to 170°C
(1.27:1.35 ratio
flux)
Goalvenizing Immersion __ Immersion _ Withdrawel
Sample No, Bath Tempeg Speed Time Speed Remarks
Large Specimens
1-1 to 1-6 466, 466, 465 6 fpm 30 sec 3 fpm o. 5 finish
465, 465, 465
1-13 to 1-18 465, 465, 465 n " I 0e 3 finish
. 465, 465, 465
2-1 to 2~6 465, 465, 465 " 2 min " 0e 5 finish
465, 465, 465
2=~13 to 2~18 465, 465, 465 i " n 0. 3 finish
465, 465, 465
3=l to 3-6 Ml by 445 " 30 sec n o« 5 finish
1011»5, 445’ /IJIJ&
3-13 to 3-18 b5, By 445 " I n 0. 3 finigh
45, L45, L45
b1 to 46 hhds Iddy Lhd n 2 min n 0. 5 finish

LABy LBy 440
=13 to 4-18 AT, LT, 446
By k45, AAT

(each group of sixz dipped in

1-25 to 130 | 465, 465
12-25 to 2-30 465, 465

3-25 to 3~30 M5, 445
4=25 to 4=30 LTy 44T

‘8mall Specimens for Steel Weight Loss Moasurements
pairs prior to each series of 12 large specimens)

Manunl-approx.| 30 seo
g fpm
n 2 min
" 30 sec
i 2 min

n 0. 3 finish

Manual-approx.| 3 each of A
8 fpm No. 5 & No. 3
It

finish
L] H
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TABLE
Coating Test Results for Typiczl Series of Specimens
. Steel Wt Alloy ' Spangle Spangle
Test teel . OCoating ¥t, Iron Content Loss, Thickness, Duetility  Adherence Size Contraest Brightness Roughrness
Numbsr  Pinish  oz/sa fi-cheet me/sc % e/n? ___ g/m? mm ¢ Alloy o R 2 aud e =
1 5 0.4 180 2.C 49 > - 1 1 4 4 2 4
1 5 Cu4d 210 2.3 3.7 * 1 1. 4 L 3 4
3 5 .52 170 1.8 a5 * - 1 1 4 4 3 4
1 3 0.43 210 2.3 Lty * - 1 1 A 4 2 4
i 3 O, L4 210 2.3 5.6 o o% - 1 1 4 4 2 4
i 3 0.43 240 2.5 - * - 1 3 4 4 2 4
5 5 1.32 2450 26.4 28.4 C.0240 59.1 4 5.5 4 4 3 3
5 5 1.88 2500 26,2 24.0 0.C257 59.4 4 5.5, 4 4 4 3
5 5 1.94 2510 27.1 23,5 0.0235 59.5 e 5.5 4 4 4 3
5 3 1.66 2380 25,7 26.1 0.0235% 60,0 3 5.5 2 2 2 2
5 3 1.57 2440 26.3 27.5 0.0222 58.5 3 5.5 2 2 2 2
5 3 1.67 2410 26.0 31.9 C.0217 60,3 3 5.5 2 2 . 2 2
* Impossible to measure or sstimate. "¥3ee codes in Table 3{z2).
TASLE a
Surface Appearance Rating Cedes
Dactiliiv . Spangle Size Srightness (Fhotometer readings;
Rating: - 1, Zxcellent, no crecking Reting: - 1. Large : ) Rating: - 1. O-1.25
2. Good, neiwork of fine cracks 2. Hedium 2. 1.5-2.75
3. Fair, gemerzl cracking, with 3. Smail . 3¢ 3425
coating broken up into small blocks _
L. Poor, wide separztion of medium 4+ . No spangle Le 4.5 +
size blocks
5. Jery poor, general peeling of coating
in large blocks
Adherence Svzngle Conbrsst : Roughness . -
¥inimun bend radius éausing flalring
{90° bend plus 180° reverse bend).
Ratings - 1. 0.05C in. 5. 0,192 in. ting: - l. Good, spangles well defined” ... Rating: - 1. Very smooth
2. 0,070 *» 6.°0,252 * 2. Moderate, spangles well defined - 2. Moderately smooth
3. G100 ¢ 7. 0320 ¥ - . 3. Low or no contrast. Spangles.. . 3. Fine to moderately rough
Lo Qo1& B 8. 0.400 *® outlined only. sandpeper-like texture
) i 4e No contrast, no spangles o 4. Rough texture or umeven

surface caused by various
defects {ridges, dewebtting,
black spots, pimples)
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TARLE 4

Averape Coating Test Results®

Steel Wt Alloy Spangle Spangle
Test Steel Coating Wt, Iron Content Loss Thickness Ductility Adherence- Size Contrast Brightness Roughness
Number  Finish  oz/so ft-sheet  mg/so £t  g/m?  p/m? m % Aoy * *x % * * ol
1 5 0.47 187 2.¢ A - - 1 1 4 4 2.7 4
1 3 0.43 220 2.4 5.0 - - 1 1 -4 A 2 4
2 5 0.55 293 4e2 6.5 - - 1 1 4 4 2 4
2 3 0.55 473 501 8.7 - - 1 1 4 4 2.2 4
3 5 0.43 133 La4 2.9 - - 1 1 4 4 2.2 4
3 3 0.43 123 1.2 2.8 - - 1 1 4 4 2.3 4
4 5 0.44 207 2.2 48 - - 1 1 4 4 2 4
4 3 0.5 250 3.0 6.5 - - 1 1 4 4 2.2 L
5 5 1.88 2390 26.2 25.2 0.0244 59.3 A 5.5 4 4 3.7 3
5 3 1.67 2410 26.C 28.5 0.C225 5%.6 3 5.5 2 2 2 2
6 5 2.52 2680 28.¢ 30.0 0,C300 46.5 4 é 4 4 2.7 4
6 3 2.26 2633 28.4 3L.5 0.0292 45,2 4 é 4 4 2.7 2
7 5 1.21 2360 25,4 23.2 C.C2232 5%e4 3.3 545 4 4 2 3
7 3 1.66 2320 26.1 26,6 0.0223 63.C 3.C 5.5 2 2 2 2
8 5 2.25 2571 27.8 29.6 0.022 4245 3 é 4 4 3.7 4
8 3 2.28 2627 28,4 28.1 0.0278 51.1 3 6 4 4 4 4
9 5 0.50 197 2.2 40 - 1 1 4 4 1.7 4
2 3 o 52 157 2.2 5.3 - - 1 1 4 4 2 4
10 5 1.80 2523 27.2 25.0 0.0232 59.1 3.2 5.5 4 4 3 3
10 3 1.76 2567 27.7 . 25.2 0,0220 62.4, 3 5.5 2 2 2 2
1 5 1.29 1946 21.0 18.5 0.0157 60.7 3 5.5 2.7 3.2 2 3
11 3 «30 1993 21.4 20.8 0.0174 61.2 3 5.5 1 3 2 2
12 5 3.02 4406 FAA 4847 0.0482 79.6 FA [ 3 3 2.3 4
12 3 2.82 4376 41.1 o3 0.0482 71.7 4 6 2.7 3 2 3
13 5 <0494 1053 13.2 13.4 0.0980 4642 2 3.2 2 3 1.3 1
13 3 114 1386 14. 10.2 0.7 6.4 2 3.3 1 3 S 1
14 5 2.C7 2896 3l.2 26.5 0.0318 71.1 3 5.5 2 3 1 1
14 3 2.21 3096 33.2 38.9 0.0298 60,2 3 5.5 1 3 1 1
15 5 0.40 166 1.2 2.7 - - 1 1 2 4 1 4
15 3 0,46 206 2.2 .2 - - i 1 2 4 1.3 4
16 5 1.65 2350 25.2 28.3 0.0231 63.5 2 5e5 4 4 2.3 3
16 3 1.67 2426 26,2 25.7 0.0213 60.1 3 5.5 2 2 2.3 2
17 5 1.53 2096 22,5 19.1 *0.0157 6.4 2 4e5 4 4 3e3 2
17 3 1.21 2126 22.9 19,7 0.0160 62.3 2 45 ~ 4 3.7 2
18 5 1.02 1676 18.0 18.8 0.0142 59.8 2 4 4 4 2.3 2
1€ 3 1.10 1696 18.2 17.8 0,0142 62.1 2 4 4 4 2 2
19 5 2,63 3710 39.2 35.8 0.0383 71.8 3 6 4 4 3 3
19 3 2.3 3570 8.4 38.3 0.0355 | 71.3 3 6 4 4 3 2
20 5 3.05 4530 48,8 46.2 0.0498 7.5 4 K 4 4 3.3 3.2
20 3 2.71 4500 4B.5 48.2 0,0448 75,6 4 7 4 4 4 2
21 5 1.39 2516 27.1 27.1 0.0237 6243 3 5.5 4 4 2.3 33
21 2 1.72 2493 26,8 24.3 0.0269 61.8 3 5.5 2 2 2 2
22 5 2.57 3613 38.8 4Lhe3 0.0350 58.1 4 ] 4 4 4 3
2 3 2.80 3756 40,4 0.7 0.0343 59.1 4 6.5 4 4 4 4
23 5 2.3 3123 332.6 35.4 0.G3L4 495 4 6.2 4 4 4 4
23 3 2.7 3216 34.5 3.3 0,0283 443 3 ] 4 4 4 4
24 5 1.93 2076 22.2 28.8 0.024C 59.7 4 é 3.3 3.7 2.3 3.7
24 3 1.236 2033 21.8 22.6 0.0222 58.5 4 6 4 3.3 3.7 3
25 5 1,77 2270 24.3 244 0,0231 60.5 3 é 4 4 4 3.3
25 3 1.90 2296 247 26,0 0.0243 60.3 2.7 6 4 4 4 3
26 5 1.18 1543 16.6 18.4 0.0136 £49.7 2 45 2.7 2.7 2 2
26 3 1.34 1706 13.3 19.6 0.0188 1244 2 45 2 2 2 2
27 5 1.72 2336 25.1 23.4 0.0212 58.2 3- 5.5 4 I3 2 3
27 3 1.70 2453 26,4 27.1 0,022/ 57.0 3 5.8 2 2 2 2
28 5 2.10 3093 33.3 23,2 0.0315 T7.6 - 3.7 é 4 4 4. 3
28 3 1.97 3176 34e2  32.0 0,0354 7.7 3 6 3 3 3.7 2
22 5 0.9 1302 14.0 13.3 0.0111 53.3 2 4 2 2 2 2
29 3 1.07 1436 15.5 19.1 0.0094 27.8 2 4 2 2 2 1
30 5 4.81 6950 748 67.1 0.0837 8l.5 5 8 4 4 2 A
30 2 bedh 6876 T4ed TLed 0.079% 81.5 5 8 4 4 3 4

* - egach valus chown is averzge of three deteruimatdioms.
#% - ges codes in Table 3(a).
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— ) Combined Coating Test Results

. } Combined Averages
Aluninium Immersion - Number of . Alloy
Centent Tine Tests Results Cceting wi, Iron Content teel Loss Tricimess - Ductility | i3zerence
% nin Combined Averaged 0z/s0_fi-sheet g/m2 g/nl 7 * *
.2 . G5 1,3 12 ' Cu4f, 1.6 ' 3.8 - - 1 1
1.0 G,15 12 0.48 2.1 3.5 - - i i
2.0 2,4 12 0.52 3.4 A - - 1 1
g1 G.25 29 ) 1.01 14.8 16.2 0.0103 45.6 2 A
.5 “114,13,17,18 24 1.20 . 19,1 17.1 00,0168 5745 2.25 4e3
1.0 5,7,10,16,21, 48 1.71 : 26.S - 25.6 0.0232 61,4 2.3 5e5
27,26,23 ’ : - )
2.0 12,314,19,20 2/ 2.51 %4 1.8 0.0408 4 T3el 352 6.2
2.0 20 6 4,68 - 745 69.3 0.0831% - 8l.5 5 3
o] C.5 24,25 12 1,87 ) 23,5 245 0,0228 - 3.8 &
. 1.0 6, 8 12 2.32 28.4 29.8 0226 - y 2.5 é
2.0 - 22,23 - 12 2,54, T 35.8 AL 0.0323 I £e25 “6.l

% - see codes in Tabie 3(z).




APPENDIYX II

ACCELERATED CORROSTION TESTING OF GALVANIZED PANELS

by
Je« Go Sibakin

(The Steel Company of Canada, Limited, Hamilton, Ontario)
January 21, 1958

INTRODUCT ION
Brief descriptions sre giVen below of the accelerated
corrosion tests performed on the galvanized test panels prepared at
the Physical Metallurgy Division, Mines Branch, Ottawa. The results
obtained are then listed in Tables 1 to 4 (see pages .12 to 15). These
results includes
Table 1 - Diffusivity measurements for typical
specimens. (Average results for all
‘specimens are listed in Table 2.)
Table 2 = Corrosion results after humidity test.
Table 3 ~ Welghl change data.

Table 4 = Water film tegt results.

CORROSION TESTS

(a) Humidity Test

The requirements for this test are galvanized panels cut to
/~in. by 5-in., clean j-in. by 5-in. glass plates (twice as many as
the number of galvanized panels), freezer, humidity cabinet, and
spring clothes pins (four timos as many as the number of galvanized
panels). This test is completed in 48 hr and consists of the follow-

ing cycle repeated twice:



i
1

. |

- 8. 1
|

(i) 5 hr in freezer abt 0°T' (both glass plates and galvanized’
.panolé). o | | : i
(1i) Moisben two glass plates and one galvonized panel simul- ! ?
taneousiy_by céndensmtion of moist air until all of the
original frost disappéars.
(1ii) Plsce the galVaniied panel betveon thé'two‘glass-plateé o
and fasten the whole assembly with four spfing clothes
ping. ' 4 o
(iv) Place the dssgmbly'in the hunidity. cabinet at 95°F,
96% RuMl., for 16 hr. |
(v) 4 hr in hunidity cebinet at 95°F, 20 ﬁ.H.,-to dryxfhe
ISamples. | ' ‘
After the second. cycle, corrosion index values are aésigngd_

and the "diffusivity" ie determined by reflecﬁoﬁeter.

. L

(b) Water Film Test S :

. 4 . : ' L i

This test requires twice the number of clesn /~-in. by 5-in. i

‘glass plates as thore are 4-in.. by 5-in. g51VQnizéd panels to boe |

tested. Two glaas plates and one galvanlzed panel are oubmerged to-

gether in tqp water, the galvenized panel belng aandwic_ed'between

“the glaas plates under the surface of the water. The whole assembly

is fastened together with four spring clothes pina, rem0ved from the

water, and atored in the flat pogition in warm air for /8 hr. Corro-

sion index velues are agsigned after 24 and 48 hr, for both white and
‘black gbain, : - S ' 'f o o
- NOTE: Tn bobh .of these tOntS, the galvan17ed samples must bp inltially . i

~ flat in order to prov;de the most rcliable results, : , !
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CORROSION EVALUATTON
In general, corrosion by the humidity test is eveluated by
reflectomater, whereas corrogion by the water film test ig evsluated
by corrosion index.

(a) Reflectometer

The reflectometer used at preseht at Stelco is ﬁhe Photo-
olectric Reflection Meter, Model 610, manufactured by Photovolt Corp.,
New York, . |

The "gearch head" of the Instrument is placed on the surface
to be evaluvated, The light source within the head directs a vertical
beam of parallel light tovards the sample surface. A circular
(washer-shaped) phobtoelectric cell surrounding the light beam -and
facing downward picks up iight diffused from the sample surface
(hence the term diffusivity). The e.m.f. thus generated motivates
the galvanometer of the reflectometer, giving a diffusivit& reading.

The diffusivity of the galvanized panels in question was
éctually measured in percent compared Lo Mg0 ag having a diffusivity
of 100, (The standard used in the test was the white standard, which
has a diffusivity of 73.0% compared to MgO.,) The light from the head
ﬁo the panel was passed through the tri-stimulus green filter.

(b) Corrosion Index

The corrosion index is a valve assigned to the corroded
surface after visual erxamination. Generally two corrosion index
values appear together, e.g. 12, the upper being the index of the
numbered side, the lower that of the unnumbered side, The corrosion

index is indicative of corrosion in the following way:
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Index SO 2. i DU

4% of Surface- .
Corroded - 0 1 to 25 26.t0 50 51 to 75 . 76 to 100

Both white and black staining vere evaluated in this manner. In some

cases the latter occurred as oreas the size of pin-heads, ﬁnd‘this is.

indicated by the index 1°.

EXPERTMISNTAL PROCEDURE

The galvanized panels'were sheared to AQin. by 5-in. prior to

testinga

In the shearing operation, the rough bottom edge was cut

off to about 1L/4~in. from the bottom. The panel was cut ﬁ-in. up

from, and parallel to, the fresh bottom edge, then the sides were

trimmed off to give o width of 4-in.

After being cubt to size, each pangl wos

(1)
(i1)
(i)
(1)
(11)

(111).

(1)

(v)
(vi)

| (vii)

accurately weighed, ,

tested for diffusivity by reflectometer, and

subjected to the £w0~cycle humidiﬁy test;l

Uppnﬂcompletidn of the humidity f@st,veach sampie wa54
evaluated by corrosion index, |
weighed'gccurately to determine weight gain due to corros}gn,
tested again for diffusivity, - |

treated with ammonium hydroxide to remove the corrosioh

-~ products,

revelpghed to find weight loss due to corrosion,
subjected to the water film test for 48 hr, and
avaluated by corrosion index after 2/, hr and 4€ hr under

the water £ilm test.
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Reflectometer readings of diffusivity were taken on the
nunbered sides of all of the panels,lbut vere taken in.two.differenb

patterns over the panels as illustrated below:

Top of Original Panel

1 (Mumbered Side Up) 1 2
2
67389 3
4
5 L 5
Pattern A Pattern B

As indicated in Table 2, some specimens were tested using

pattern A and the remainder using pattern B.

(Tables 1 to / follow,)
(on pages 12 to 15, )




TABLE 1

_Diffusivity Measursments for Typical Specimens
Test Steel Time of . Position
Kumber FTinish Test 1 2 3 A 5 6 7 3 G
1 5 B 16 21.5 | - 21.5{ 28 27
A 238.5 26 30 31 30
1 3 - B 22 20 22 25 22
A 31 .29.5 275 25 26.5
5 5 B N5 | 30 31 31 30 30.5 30.5 32 35
A 22 28 28,5 295 31 27 27.5 21 22
5 3 B 26.5 26.5 25 25 26 26 25.5 25.5 - 25
A 30 . 29 29 - 31.5 31 31 28 28 29

* Specimens tested for diffusivity before humidity test.
%% Specimens tested for diffusivity after . humidity test.

..."d'[...
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TABLE, 2
Corrosion Results After Humidity Test
Averapo Diffusivity Carrosion Index
Tast Steel. Before After

_Number Finish Gorrosion Corrosion Goin % Gain White Black
1 5 22.8 29.1 6.3  27.6 by g 0
1 3 22.2 27,90 - 5.7 25.7 3 3 0
2 5 23.3 29.3 6.0 25,8 4 3 8 0
2 3 277 26.5 “1e2  ~he3 3 3 0
3 5 21.4 26,2 5,0 23.2 by 0o
3 3 22,1 29.3 7.2 32,6 33 0
4 5 20,7 29.7 9.0 43.5 4 3 0 o
4 3 21.2 26.6 5.4 25.5 3 3 0 o
5% 5 31.2 28.5 2.7 -8.6 3 3 0 o
5% 3 25.4 29.6 Le2 16.5 3 4 0 o
6% 5 20,8 33,6 12.8 61.5 by 0 o
&% 3 20,7 33.6 12,9 62.3 4 4 0 o
7 5 30.2 32.8 2.6 8.6 4 4 0 o
7 3 27,0 32,0 5,0  18.5 b o3 0 o
8% 5 29.6 37.1 7.5 25.3 3 3 0 o
g 3 3L.1 36,7 5.6 18.0 4 3 0 o
9 5 15.3 30.5 15,2 99.3 3 3 0 o
9 3 15,5 29.0 13.5 87.1 3 3 0 o
10% 5 30.8 2.1 1.3 4o2 3 3 0 9
10% 3 25,0 28,4 344 13.6 2 3 0 9
11 5 26.9 3.5 46 17,1 4 3 0 o
11 3 22,4 R 9.1 40,6 4 3 0 o
12 5 32,7 32.4 -0.3  =0.9 3 3 0 o
12 3 28.1 2.8 4T 167 4 3 0 o
13 5 20.7 26,6 5.9 28.5 3 3 0 o
. 13 3 18.9 2444 5.5 29.1 3 3 0 o
14 5 20.2 26.5 6.3 3L.1 2 3 0 o
14 3 19.1 26.1 7.0 36,6 g 3 0 o
15 5 18.7 3.2 12.5 66.8 3 0 o
15 3 18.6 31.1 12.5 67.2 3 3 0 o
. 16 5 36.3 33.7 -2.6 -7.1 3 3 0 9
16 3 29.6 3heb 5.0 16.8 3 3 0 o
17 5 51,2 37.1 -14.1  -27.5 2 3 0 o
17 3 4946 40,1 -9.5 =161 4 g 0 o
18 5 30,2 30.4 0.2 0.6 1 5 0 o
18 3 30,6 32.8 2.2 7.1 2 3 0 o
19 5. 38,1 34.9 -3.2 -8.3 3 2 0 o
19 3 36.6 35.3 -1.3 “3.5 3 3 0 o
20 5 47.1 38.3 -8.8  -18.6 2 3 0 o
20 3 47,1 3645 ~10.6  =22.5 2 2 0 o
21 5 3.4 30,0 ~1.4 ~hods 3 2 0 o
21 3 26.1 30.9 4.8 18.3 3 3 0 9
22 5 42.8 42.1 «0.7 -1.6 2 3 0 o
22 3 43.3 JANA -1.9 ~4e3, 2 3 0 o
23 5 40.0 41,1 1.1 2.7. 3 3 0 9o
23 3 35.4 38,8 3.4 9.6 34 0 o
24 5 30,4, 36.0 5.6 18.4 3 3 0 o
24 3 334 38.7 5.3 15.8 3, 0 o
25 5 40,5 2.1 1.6 3.9 33 g o
25 3 42,1 41..9 0.8 1.9 2 3 0
26 5 248 23.4 ~1.4 -5.6 3 2 0 o
26 3 25.8 2449 -0.7 -2.7 3 3 0 o
27 5 27.1 26,9 -0.2 «0,7 3 4 0 9o
27 3 26.0 28,7 2.7 10,3 3 3 0 o
28 5 33.5 30,1 -3e4  ~10.1 3 3 0 o
23 3 32.8 27.6 ~5.2  =15.8 2 2 0 o
29 5 2408 22,9 -1.9 -7.6 2 3 0 9o
29 3 25./, 247 . -0,7 -2.7 3 3 0 o
30 5 33.6 29,1 -45 =13.3 3 3 0 o
30 3 33.9 31.8 -2.1 -6.1 3 4 0 o

*Pattern A diffusivity measurementa; +the resulbs shown are averages of nine
measuwrements. ALl others are Patbern B, and the results shown are averages of
five moosurements,
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TABLE 3
Weight Change Date (Hunidiby Tent) ' : B

(A1l voights in grams) )

~ Weight of Panel tleight Loss
Tent,, Sbesl Original Weight After ‘Weight Gain - After Removal of from . -;?l
-Number __ Finish _ Wedght Hunmidity Test _ from Corropion _ Corrogion Products Corrosion Lo

1 5 68,4729 68,5328 0.0599 T 68,3451 0.1278 L
1 ‘3 69.8985 69.9625 0.0640 69.7457 P 0.1528 iy
2 5 68,9820 69.0275 0.0455 68,9000 . 0.0320 i
2 3 71.1273 71.1721 0,044 71,1287 ©0.0986 i
3 5 69.0423 69,0945 0.0522 | 68,9404, 0,1019 :
3 3 70.4530 7044910 - *0.0380 “ 70,373 0,0798 i
4 5 68,4492 6844891 0.0399 " 68,3711 0.0781 ft
4 3 704300/ 71.1009 0.3005 70,2108 0.0896 :
5 5 74,1001 74e1425 0.0424, 74,0418 0.0583 i
5 3 7443767 T4a/113 0.0346 7443148 0.0619 f
6 5 76,3583 7648995 . 0.0412 : 76.7944 0.0639 b
.6 3 77,1475 77,1852 0.0377 77,0937 0.0538
7 5 73,868/, 73,9202 ‘ 0.0518 . 74,7602 0,1082" ”
7 , 3 7/-;»7070 71}47/;1‘2 0-0372 . 7/+061;2/|, 0,0646 "l
8 5 76,6261 [ 776.6804 0.0543 76,5745 0.0516 i
8 3 78,1841 7842307 0.0/66 ~ 78,1128 0,0713 i
9 5 69,0546 69.0935 0.0389 . 68,9760 0.0845 i
9 .3 6946904 69,7288 0.038/, 69.5950 0.0954 ° i
10 5 7562466 7542893 040427 7541768 0.0698 o
10 3 75.19R 75,2388 . 0.0456 7541383 04,0549 J
11 5 727570 . 12,7893, 0.0323 72,6899 . 0.0671 i
1 3 73,8787 73,9102 0.0315 73,8094 0.,0693 - 5
12 5 79,8679 79,8958 0.0279 . 79.8076 . 0,0603 b
12 3 79,4068 7944401 0.0333 7943290 .0,0778 Nt
13 5 L. 4527 71,4808 - 0.0281 71.3919 0.0608 f
13 3 7342400 73,2126 0,0326 73,1643, 0,0759
14, 5 77546910 75,7136 040226 7546334, . 0.0576 i
1/ 3 78,7700 7847949 0,0249 7747052 0,068 i
15 5 68,7904 688397 0,043 68,6960 0, 0954 S
15 3 70,4117 70,4587 0.0470 70,3137 0.0980 i
16 5 743518 7443997 0, 0479 742885 0,0633 j
16 3 T4IB83 T The5218 0,0335 4 k206 0. 0667 v
e 5 73,8822 13,9006 0,0274 73.8303 0.0519
17 3 73,5210 7345523 0,0313 R WY ) 0, 0801 b
18 5 72,6503 7246647 0.0144 . TR406R6) 0,0242 t
18 3 745702 Tha58/9. 0,0L47 Tha 52779 0.0423 f
19 5 71, 8009. 7748049 0.0040 T1.1357 0.0652 o
19 3 80,2304 80,2391 0.,0087 80,1611 0,0693 L
20 5 7647393 16,7416 0,0083 646771 0.0622
R0 3 80,9137 80.9288 0,0151 80,8529 0,0608
21 5 7447562 7441995 0.0433 © 7447216 0.0346
21 3 74,07289 447569 0.0280 7446732 0.0557 h
22 5 . 1,361 - 77.3887 0,0273 7703195 "'0,0419. i
22 3 79. 5998 7947706/, 0,1.066 © 79,5535 0,0463 0
23 5 7941137 7941375 0,0238 S T79.0621 0,0516 i
23 3 80,7210 80,7442 . 0,0232 f 80,6700 0,0510 i
R4, 5 7343326 7343667 0.0341 7342939 0.0387 i
24 3 75,3824 754908/, 0.0260 75,8383 0.0442 i
25 5 73,9452 7440111 0.0259 73,9313 0,0539. i
25 .3 7546130 7546423 0.0293 75,5702 0.0428 b
26 5 72,4090 72,4300 0,0210 72,3633 0, 0457 P
26 -3 7445979 7446217 0,0238 ° The5431 0.0548 P
27 5 The 046 The4335 . 0,0289 The 3150 0.0896 ;
27 3 74,6579 74,6880 0,0301 77405950 0.0629
28, 5 73,4988 7345284 0.0296 7344301 . 0,067
28 3 75,4618 75.8735 0.0117 75,8077 0,05/1 f
29 5 70,2157 70.2299 0,0142 ' 70,1595 . 0.0562 i
29 3 71,6389 71,6686 " 0,0R97 71,5688 0.0701 :
30 5 85,1818 85,1997 0.0179 . 85,0721 0.1097 f
30 .3 86,9878 87.0138 . - 0.0260 - 86,4539 - 0,1339 . !
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;i

RECOMABNDATIONS i

. ‘V

The resulbs of the corrosion beats were plotled againgt F

~compogition, but failed to show any strong relationship. It is hoped
y : , i
)Lhat when the results are used in a mulbiple correlation a relation- .

i
5

sﬁip may be revealed, To this end,‘therefofe,'it is recommended that "

the following relationphips be examined by correlation: - o !
(1) Corrosion index after humidity test against composition i
of coating.

(2) Gain in diffuéivity'(absolute o aé per cent of original;

{i
the latter seems to show a much stronger trend) agains£ %
compogition. ;

(3) Weight gain during humidity teet against'cohposition. ;

(4) Corrogion iﬁdex after the water £ilm test against - 4 ‘ ‘?

; compopition, - : | ' ?

' It s fell that the weight loés data ore less reliable than ¥
the welght gain figures, owing to tha,diff?culty of compleha removal ;

. off corroglon produéhs without removing zinc simultaﬂépusly. Accord- g
ingly, it ds believed thal correlation of weight loss figures ia , ﬁ
unlikely fo yleld ngeful results. : ', oo E

]
$
H]
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AP P RBHDIX 11I(a)

PRELIMINARY STATISTICAL ANALYSIS OF COATING TisT DATA

by
He L. Williams

(Consolidated Mining and Smelting Company of Canada, Limited, Trail, B.C.)
February 19, 1958

INTRODUCTION
The data produced as part of the galvenizing project being
carried out abt the Mines Branch, Ottewa, under the sponsorship of the
Canadian Zinc Research and Development Committee have been studied.
The data congisted of "test loga" obtained in a sgtatistically
designed experiment. The.various properties of interest have been
treated separately and the findings to date are set forth below.
Standard regression analyses were applied to each set of data
for both steel finishes. In each case, an equation of the type shown
below was fitted.
Y = by + byXy + b¥p + bgXy + byXy + byyXy? + byoXo® + byg¥s?
+ b, %,° 4 byolyXy ¢ DygXaXy + byKX, + bysloXy
| + bogXoXy + byXoX,
wheres X; = (bath tempersture °G -455)/10,

X, = log (immersion time, min)/0.30L0,

he

X3 = (alumipium conbent % -0.1)/0.1,

X, = (lead content % ~0,5)/0.5,
Y = the dependent varioble in question, and

bl's = the unknown regression ceefficlents.
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All regregsion coefficients were then tesﬁed for significance,
uging a "t" test, Most of those which were found to be non-gignificant
were eiiminated and the calculaﬁionsvrepeated. In the case where
quadratic or interaction terms were significaent, the corresponding
linear terms were left in the equation eﬁen-though in some cases they
were not significant. Also in the case where a term ﬁésrsignificant
for one steel finigh but not for the other, the non-signifiéant term
was left in for comparative purposes.

The standard deviation (Sg) of the variatibﬁ between séeoi—
mens within baths, the standard deviation (Sp) of tht‘a.varhiationl be- -
tween siﬁilar baths,,géd the standard deviation (Sh) of the vériatidn
about regression have(also been calculated and arevshown for each of
the first six dependent veriables. The "yardsticks" used in.mehsur-
ing the last six dependent veriables were oo rough to obbtain measures
of S or §;, therefore only S is shown for these variables. AThébv
number of degfaes.of freedoﬁ upon which the Various'stahdérd devia~
tions are baged is also shown., The staudafd erroy 6f each regression
coefficient has been set forth directly beneath its respective co-
efficient, Whepe.the regression coefficient is not signifiéant, it
~ has been marked by an asterisk. All statistical teaté were carried
out gt the 95% confidence level.

It i5 intended that this study be continued. A canonical
analysis will be carried out on the sigﬁificant'variablee affecting
:each débendent variable, Where nqlsignificanb differéqge has been
found beﬁween'the relationahips for the two types of steel finish,
these will be combined and a canonical analysis carried out on ﬁhe

combined data. The results of these analyses will be forwerded as

completed.

N
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Yy - COATING WEIGHT - (oz/sq ft)

No. 3 Steel Finish
*

~ 2 e 2
Yl = 1066 + O.l]Xl + Q, 59X2 "‘0091}(3 + 0.25X2 - 004/+X3

SE blg 0,09 0.06  0.06 0.09 = 0.06 0.12
Sp = 0.31 df = 24
Sg = 0,03 df = 5
Sg = 0,06 df = 60
No. 5 Steel IMinish
1 2 2
Yl ~ 1-75 + O.l'?Xl + 0063X2 - 0090}{3 + 0024}(2 - 0055X3
SE b's * 0,12 0.08 0.08 0.12 0.08 0.15
Sp = 0,40 df = 24
8., = 0,09 daf = 60

8

These equations ghow that immersion time (Xp) and aluminium
content (X3) are the most important of the factors studied. The
effect of bath temperature (Xj) is minor and lead content (X;) failed
to show a significant efféct,  The relationships found for the two.
types of steel finish do not differ to a significant degree. L

Y, - IRON CONTENT OF COATING (g/m?)
No. 3 Steel Finigh

Y, = 26.57 + 3.28K) + 9.99Ky = 13.51%; + 42782 - 13.21%,°
SE b'S - lo 50 1.06 1006 : 1050 0098 1095
Sp = 5.21 df = 24
Sp = 0,59 df = 5
S. = 1.28 af = 60

)
No., 5 Steel Finish

Yol = 25,98 + 3.45K; + 10.21Xp = 13.49K3 + 4e28X,~ - 13.03X2
SE b's = 1.69 1.19 1.9  1.69  1.10 2,19
S; = 5.84 af = 24
SB = 0, 94 af = 5
S, = 1.30 df = 60

8

The factofs, bath temperature, immersion time and aluminium
content, were found to affect the iron content of the zinc coating to
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a significant degree. The latter two are the most important. Varia- 3
tion in lead content failed to ghow a significant effect. The relation- i

ships found for the two types of steel finish did not differ to a
gignificant degree.

Y, - STEEL WEIGHT LOSS (g/m?)

No. 3 Steel Finish | | o o |

2 .
YB = 26,83 + 3e52%; + 10, 44X, ~ 13.30X3 +'4.36X2 - 10.66X3?-3.77X2X3

SE b's = 1.30 0,92 0.92 1.30 0.84 169 1.59 -
8y = 450 Aaf = 23 :
Sg = 097 df = 5 :
8g = 403 daf = 60 i
No. 5 Steel Finish ﬁ
. . e
1 2 . 2 * A
SE b's = 1.69 1.20 ° 1,20 1.69  1.10 2,20  2.07 :
Sy = 5.86 df = 23 |
Sg = 0.9 df =

S, = 3.6 df = 60

5 o : i
The steel weight loss during galvanizing and subsequent - i
gtripping was found to be a function of the bath temperature, immersion
time and aluminium content. The latter two are the most important.
Variation in lead content failed to show a'significant effect. The
. relationships found for the two types of steel finish did not differ .
to a gignificant degree. These equations bear a close resemblance

to thoge found for iron content of coating, T, |

YA - COATING THICKNESS (mm) )
No., 3 Steel FMinish ' o | ' i

S | | , L
Y, = 0.0378 + 0,0129%p ~ 0.0R07K, + 0,0047K," = 0.OLLAX;" = 0.0063KoK, L

SE b's = 0,002L - 0.,00L5  0,002L  0,00L4 0,007 0,002 §
Sp = 0.0072 df = 24 - . .

Sq 0.0021  df 60 | !
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No, 2 Steel Finish

2 : 2
Y, = 0,0362 + 0.0139% ~ 0.0216}(3 + 0.00534, -~ 0,0089)(3 - 0.0060}{2)(3

SE b'a = 0,0023  0.0017 0.0023 0.0015 0.0030 0.0029
Sp = 0.0081 ar = 24
Sp = 0.0009 ar = 5
S, = 0.0021 ar = 60

Coating vhickness was found bto be a function of immersion
time and aluminiumconbtent. Variation in lead content and in bath
temparature failed to show significant effecls. The relationships
found for the two steel finishes were not significantly different.

In the case of ths high aluminium daba, the maximum and
minimum figures given were asveraged and the averages used in the
calculations. A more sshisfactory measurement could have been ob-
tained originally if several measurements had been made at random and
these averaged for each specimen,

Y5 - ALLOY THICKNESS (mm)

No. 3 Steel Finlsh

Y5 = 0,023 + 0,0033K; + 0.OLOBX, ~ 0.0132K5 + 0.0047Xp" = o.0134x32

SE b's = 0,002 00,0015 0.0015 0.0021 0.0014 0.0027
SR = (00,0073 ar = 24
S = 0,0019 ar = 5
Sg = 0.0013 ar = 60
No. 5 Steel Finish
Yﬁl = 0.0229 + 0'0031§1 + 0.0116X2 - 0.0139X3 + O.-OO56X22 - 0.0126}(32
SE h'a = 00,0022 0.001.6 0.,0016 0.0022 0.0014 0.0029
Sp = 0.0076  df = 24
SB = 00,0010 ar = 5
84 = 0,0013 af = 60

Alloy thickness was found to be a fimetion of bath temperature,
immersion himae and aluminiom content. The Iatber ftwo wore the mogl
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imporbant. Variabion in lead contenlt falled 4o show a slgnificant
~effecl, The relationships found for bhe two steel flnl shes were not
signifiicantly different.

In the case of the missing thickness measurements for the
high alumlnamnspﬂ01menq, an estimate of 0.0001 mn was used. Since
under microscopic examination the alloy layer was found to be discontine
uous and thin, and since some estimate is required for the caleulations,
thig very omall figure was chosen.

Yg ~ RATIO, ALLOY THICKNESS : COATING THICKNESS (%)

No. 3 Steal Plnlvh

2
Tg = 62,71 + 4e65%, + 5.23%p = 25.16K3 ~ 34.55%3"

SE blg = 1.68  1.45 Lod5 2,05  2.65
Sp = 7.1 at = 25
Sp = 15 if = 5
Sg = 1432 df = 60

No. 5 Steel Finlsh

Y6" = Ghalh + 4a0GKY * 491y - 25,500, = 35.63K,°
SE b's = 1.55 1.34 L34 1.89 2,45
op = 6456 daf = 25
Sg = 1.78 af = 5
Sy = 1.68 af = 60

The alloy : coating ratio was found to be a function of bath
temperature, immersion time and aluminium content. Veriation in lead
conbent of the bath failed to show a gignificant effect., The relation~-
ghips found for the two steel finishes were not significantly different.,

-In the ‘cage of the high aluminium specimens, even though
neither alloy thickness or coating thickness were knowm with any
degree of accurscy, an esbimate had to be inncrtod. Since a very low
rotio was indicabed, 3% was chosen, C




Yy = DUCTILITY (Cupping Test)

CODI 1. Ixcellent, no cracking
2. Good, network of fine cracks :
3. TFair, general cracking, with coating broken up into
small blocks .
4e Poor, wide separation of medium size blocks
5. Very poor, general peeling of coating in large blocks

No. 3 Steel Finish

Yy = 2,94 + 0,19K) + 0.47Xp = 1.39K, = 0.56X5°
SE b's = 0,11 010 010 014 0,17
SR = 0047 af = 25

Nos 5 Steel Finish
L

Y75 = 3.07 + 0,22X; + 0,50Kp~ 1.33K5 = 0.74X5°

0,12 Q.11 0.11 0.15 0.19

SE b's

SR = 0,52 df = 25

Ductility was found to be a function of bath temperature,
immersion time and aluminium content. The latter two factors are the
most important of those studied. Variation in lead content falled to
show a glgnificant effect, The relationships found for the two steel
finishes did not differ to a significant extent,

Yy - ADHERENCE (Bend Teat)

CODE - Minimum bend radius causing flaking (90° bend plus a 180°
reverse bend), .

l. OoOSO"in. 50 0.192"111-
2. 0,070 " 6. 0.252 "
" 3. 0,100 " 7e 0320 "
he 0,144 M 8. 0,400

No. 3 Steel Finish

Yg = 5.43 + 0.32 + 0.65Ky = 2.54X3 = 1,88X,°

SE b's 0.13 0.12 0.12 0.16 0.21

SR = 0.57 af = 25




- 24 -

No. 5 Steel Finish

Ygh = 5u45 + 0,308y * 073K, = 253Ky = 1.93K5"

wn
=
o’
©
i

0.17 0.14 0,14 0,20 0.26
Sp = 0.70 af = 25

Adherence was found to be a function of bath temperature,
immersion time and aluminium content. Variation in lead content failed
to show a significant effect. The relationships found for the two
steel finishes did not differ to a significant degree.

Y9 - SPANGLE SIZE

CODE - 1. Large
2. Medium
3. Small
4s No spangle

' No. 3 Steel Finish

= * 2, o145 2
Yg 2 2037 - 0.17X3" 1003}{.4 “". 001}2}{3 + .lBXA‘

SE b's = 0,16  0.16 0.16  0.21 0.21

H

sﬁ, = 0,59 © df = 25
No. 5 8teel Finish

1 - * ’ ; k2, ' . 2
Yg P = 3.66 - 0.11K3 - 0.69}{4 + 0026X3 - OGMJJ{A

SE b's = 0,15 0.15  0.15 0.20  0.20

Panels made of steel fiﬁish No, 3 had significantly larger
spangles on the average than panels of steel finish No. 5.

With finiah No. 3, spangle sizes was found to be a function
of the aluminium and lead contents of the bath. Babh temperature and
immersion time failed to show a significant effoct.

: With finish No. 5, the'only'factor of significance wasg lead
content, '

In both cases, the amount of varistion obtalined in spangle

gize was small,.




Y0 - SPANGLE CONTRAST

CODLE - 1. Good,spangles well defined
2. Moderate, spangles well defined .
3. Low or no contrast. Spangles outlined only.
4e  No contrast ( no spangles ).

No. 3 Steel Finish

— ¥ 2, 2
Y9 = R40+ 0.06x3 ().33}(1+ + l.26x3 + 0.84x4
SE b's = 0.13 0.13 0.13 0.17 0.17
Sp = 0.45 df = 25

No. 5 Steel Finish

1_ * : ) 06* 2
Ylo - 3064 + OOOBXB - 0-31}{4 + 0035X3 - Oo XA
SE b's = 0.13 0.13 . 0.13 0.17 0,17
SR = 0,47 daff = 25

Panels made of steel finish No. 3 showed more spangle contrast
on the average than panels of steel finish No. 5.

With finish No. 3,spangle contrast was found to be a function
of the lead and aluminium contents of the bath. Bath temperature and
immersion ‘time failed to show a significant effect.

With finish No. 5, the only factor of significance was lead
content.

In both cases, the amount of spangle contrast obtained was

small.
Y, - BRIGHTNESS (Photometer Reading)
_G_-O_]_)_E - lo 0 b 1125
2- l.5 - 2075
3- 3.0 - /4..25
be Lod ¥

No. 3 Steel Finish

— 2 ¥ 0
Yyp = 2042 + 033K - 0.75K, = 0.50%, + o.63x3 ~ 024X,
SE b's = 0,17 0,12 0.17 - 0.23. 0.23 0.23
Sp = 0.60 ar = 24



No, 5 Steel Finish

1
'Yll 271 + 0.35X ~ O, 83X3 - 0.4?X4 + O 23X3 ~ O, 4854

ShE b's

H]

i

0,16 0. 11 Q.16 _ 0.16 0.20 0.20
SR = 0,55 af = 24
Brightness was found to be a funetion of bath tempersdture,
aluminium content and lead content, Immersion time failed to show an

effect, The relationships found for the two steel finishes did not
differ to a stabistically significant degres.

Y95 - ROUGHNESS

Q

i
&=
t

1. Very smooth :
2. . Moderately smooth

3. Fine to moderately rough, sandpaper texture
4+ Rough texture

' No. 3 8Steel Finish

2.06 + 0. 2°X1 + 0.39X - 0. PSXB + 0.0BY

Y12 = 3.
SE bls =0.13 011 011 0,16 0.21
S'R.' = 055 ar = 25
No. 5 St'eél Finigh |
Tip' = 276 4 0374 + 0.26%, - 0.50K3 4 Ou4LE,?
SE b's = 0,16 0.14 0.14 0,19 0,25

Sy = 0.67 ar = 25

' Panels made of ateel fin¢sh No. 5 had signlficantly rougher
coatings 'on the average than panels of steel flnlsh No. 3.

With steel finish No. 3, roughness was found to be a function

of bath temperature, lmmergion time and aluminium content., Variation
in lead content failed to show a significant effect,

With steel finish No. 5, roughness was found to be a function

- of only bath temperature and aluminium content,

— - ~—
-— - -
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APPENDIX IIi(b)

MM

by
H. IJ. Will'i‘ama

(Consolidated Mining and Smelting Company of Canada, leited, Trall, B.C.)
March 4, 1958

e e

INTRODUQTION

The corrosion data that were obtained by J. G. Sibakin of the .
Steel Company of Canada, Limited, on the galvanizing_projedf panels
have been studied. |

The various properties of interest have been treated separately
in a mammer similar to that of Appendix III(a). |

Standard regressioﬁ analyses were applied to each get of data
for both steecl finighes. In each case, an equation of the type shown
below was fitted.
Y = by + ByXy + boKo + bykg + byX, + byyXs + bygk3 * bygk3 + by

+ byoXyXp + bygAyX3 + byXaXy + bosXpX3 + b2gXaXy, + bgpXsX),

vhere X3 = (bath temperature °C -455)/10,
kz = (log immersion time, min)/0.3010,
X3 = (aluminim content % -0.1)/0.1,
XA = (lead content % ~0.5)/0.5,
_Y' = the dependent variable in question, and
b'g = the unknown regression coefficients.

All regression coefficients were then tested for significance,

using a "t" test. Most of those which were found to be non-gignificant




were climinated and 'th‘ca caleculations r'opeated. In the cqmé where
" quadratic terms were significant, the corresponding lipear terms were
Jeft in the equation, even though in some cases they‘WGre not signifi-
cant, Also, in the case whére a term or terms were significant for one
steel finish but not for the other, the corresponding non-significant
term or terms were left in for compa:ative purposes,
| The standard deviation of the variation between similar baths

(SB), and the standard devisfion of the varigtion about regression‘(SR),
heve been calculated and are shown in each case, The "yardsticks"

used in meaéurihg the "corrosion index" (Yyy, Yi7, Y1) were too’

rough to obtain a measure of Sp and, therefore, only Sy iBMQHQWn for
these variables. The numbef of degrees of freedom ﬁpon which the
varioug standard deviationé'are based is also shown, The standard
error of each regression coefficient has béen set forth Qirectly-bé;_
neath its respectiﬁe coeffiéienh.' wheré the régreéaion‘coeffiqient is
not significant, it has been marked with an asterlsk. All statistical
tests were carried out at the 95% éonfidence level,

Canonical analysis will be carrled out on the significant
variables of each dependent variable and our findings reported in due
course. | ‘

'éince black staining only occurred in a few panels, no attempt

was made to tremt 1ts occurrence statistically.
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YlB ~ PIERCENT GAIN IN AVERAGE DIFFUSIVITY AFTER THE HUMIDITY TLST
/

No. 3 Steel Finish

* * . ¥ 2 2
YlB L= 7.23 el 6001 Xl + 10.88X3 + 8.0'7}{1& - 7054-)& + 19.96X3 + 17078}{4
Sh b's = 6035 3.75 5.31 5.31 3048 6.95 6e95
SR = 18,4 aff = 23
SB = 302 df = 5
No. 5 Steel Finish
1 ¥ s *
Yyy = =7.12 = 5130 + 468K, + 5.08K, - 3.60Ks + 35,7745 + 20,561
SE b's = 5,80 3.43 4e85 485 3,18 6.35 6.35
Sy = 6.7 af = 5

The factors,aluminium end lead content, were found to affect
the. percent gain in average diffusivity to a significant degree for

© both finishea. Bath temperature also had a significant effect with

No. 3 steel finigh. Immersion time was not significant in either case.
YlA.' CORROSION INDEX - WHITE, AFTER HUMIDITY TEST

There were no gignificant factors found for either No., 3 or
No., 5 steel finishes.

S 0455

CODE for CORROSION INDEX:

INDEX % OF SURFACE CORRODED
0 - 0
1 - 1 to 25
2 - 26 to 50
3 - 51 to 75
A4 - 75 to100




le - VEIGHT GAIN TROM CORROZION AFTER HUMIDTTY TusT o o ﬁ

/ : R
No.. 3. utecl P1n¢‘h

vl *a

Yl5 34 SJ - 5 r)l{l + 0091{2 + O.rv}’a + )QSX/ + 306}{1 -~ 1.)&2 + 15 94{3 had 60/ i i'

SE b'g o= 6./ 302 3..'., 404« . 404 : 300 30 ., 601 . 601 ] ‘X
| | .

Sp = 15.9 ac = 21 _ ' , i

Sp = 6.2 ar = 5 ‘ |

o. 5 Steel Finish ‘ - ’ '

Y5 = 42.8 + 2.2 - 2 &xs + 6. /Xy + 6.5%, = 5. ox1 - T.3%5 * 9.1x3 -8.8x7 i

SE b's

31 16 L6 22 - 2.2 1.4 L 2.9 2.9 i

706I A df
7.8 af

21 - f
5 ‘ S /

The factor, aluminiwn content, was found to affect the weight )
gain from corrosion to a significant degree for both finishes. Bath ' t
temperature, immersion time and lead content also had a significant !
effect with No. 5 steel finish.

SR
SB

i
i

Y, - WEIGHT LOSS FROM CORROSION AFTER HUMIDITY TEST (mg)
No. 3 Steel Finish | | i

SE b's = 42 346 501 3.3
Sp, = 17.6  df = 26
SB = , 4.8 o df = 5
Noa 5 Steel Finish | 3
‘ * : *i I
Yig = 65.2 + 33K, + ZLBK; 4 2.6%3 ;
SE b's = 46 . 4O 5.7 3.7 *
SR = 19,7 - df =26
8g = 25,6  df = 5

The factor,aluminium‘content,”was found to affect the weight '
loss from corrosion to a gignificant degree for both finishes. ;
Imnersion time also had.a ‘significant effect with No. 3 finish., Bath .-
temperature and lead eontent failed to show a significant effects -
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Yy - CORROSION INDEX - WHITE (24 hr) = AFTER WATER FILM TEST

No, 3 Steel Finish

Yo, = 2,56 - 0.21%% + 0.15%2
17 . 8 A 3 QJB

SE b'S = Ooll 0.11}- 0318

Sp = 0.48 af = 27
No. 5 Steel Finish
1 . 2
Yl7 bl 2-@ - Oaf»BXB + OQZ;ZXB
SE b's = 0,08 0.0  0.13

The factor, aluminium content, was found to affect the corrosion
index (24 hr) to a significent degree for No., 5 steel finish but not
for No. 3. Bath temperature, immersion time and lead content failed to
show a significant effact.,

Yig - CORROSION INDEX - WHITE (48 hr) - AFTER WATER FIIM TEST

No. 3 Steel Minigh

* * * *
Yjg = 2.77 + 0,08K5 = 0.21K3 = 0.02X3 + 0,20K3

Si b's 0.12 0.09 0.12 0,08 , 0,16

8p = 0043 af = 25
No. 5 Steel Finish

Yha = 2,63 + 0.02%s - 0.12Ks = 0.15%2 + 0.43%%
18 — Y . A...(z - [P 3 Lo . 5 2 L] +3 3
SB b's = 0,09 0,06 0,09 0,06 0.12

SR = 0,31 daf = 25
The factors, immersion time and aluminiim content, were found
to have a significent effect upon the corrosion index (48 hr) of No. 5
steel finish, but not of No. 3 steel finish, Bath temperature and lead
content failed to show a significant effect. ‘

- = e
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APPENDIX IV

CANONICAL ANALYSIS OF COATINGTESTSAND ACCELERATED- CORROSION DATA

H. L. Williams

(Consolidated Mining and Smelting Company of Canada., Limited, Tfail, B.
May 23, 1958 . :

- e e
- o e

INTRODUCTION

A canonical anslysis has been carried out on each of the

relationships reported in Appendices III(@) and IIT(Db). WQ9ré the tivo

stepl'finishes failed to show & significant difference, the data were
combined and the canonicél,analysis carried out on the combined data.
Graphs have been plotted showing avfew of these relationbhips. The .
nomenclature and symbols umed below are the same as th&ée used by
© Q.. L.‘Davjes in Chapter 11 of his book, "Des:gn and Analysis of
Industrial Experlments" (Hafner Publlshlng Gompany) New York Ne Yo,
1956), in which a good expositlon of ‘this bype of analysis is given,

As in the previous appendicqs,

xy =(bath temperature °C -455)/10,

. X5 = log (Immersion time, min)/0. 3010,
X3 =(aluminﬁnnconten£ 4 -~ 0.,1)/0.1,

X, =(lead conﬁent % = 0.5)/0.5, and

b

Y = the dependentrvariable'in qﬁestion.

¥, ~ COATING WEIGHT (oz/sq ft)

Both steel finighes combined.

The fu]l second degree equation was fitted to Lhe data ualng
shandard regression techniques.

C.)




=33~

11

4

1.76 * O.]A:X‘.l + 0061)(2 e 0090}’{3 - OoO()Xlz + 0.243(22 - OcﬁlXBz

il

' SE b's = 0.08 0.05 0.05 0.07 04 04 0,04 0,09

+

0005X1X2 + 0.01}(21}(23 - 0.18}(2}(3
0.06 0,08 0.08

The standard error for each term is shown directly below its
respective term.

The fitted equation was then reduced to the canonical form.

a) The coordinates X4, Xogs X33 of the center point S of the
system and the predicted value Yj4 abt this point were found to be as
follows. -

X1 = 0449, Xpg =-1.55, xgq = =0.61 and Y34 = 1.60 oz/sq £t.

b) The cancnical form of the second degree equation is
¥3-1460 = 0,06 X2 4 0.25K5° - 0.52X3° .

~¢) The new coordinates (Xj, X5 and X ) for any point are given in
torms of the old coordinates (x1, X2, X3) gy equationg which may be
written as follows.

g - 09)  (xpr 2.55) (x + 0:61)
X5 ~0.0828 - =0,9901 0.1138
XB ""Oo 0159 Oo 1151 Oo 9932

The entries in the rows asre the coefficients in the equation
which expresses the X's in terms of the x's, Thus the first such
equation is

Xl = .9964 (}Cl"'Oozl»()) - 0,C800 (X2+1055) + 000268 (:X.B"'O.él)

Inspection of the canonical form (b) shows that the third
term is the predominant one. Any movement away from the center point
in the direction of the X, axis will lead to a rapid drop in coating
weight, but changes in boTh X; and X, can be made with considerably
smaller effects on yield. The X, coefficient is positive, therefore,
a gain in coating weight can be expected on moving away from the center
point S in either direction along the X» axis. The standard errors
of the coefficienta in this equabion are of roughly the same magnitude
a5 those of the quadratic effects in the original equation. The co-
efficient of Xj is therefore not significant. Tuture experiments
should be made in the direction of the X, axis to obtain an increased
coating weight. ’

In Figure 1, this relotionship has been plotted, by assuming
that the non-significant factor X is zero and by setting xj equal to
0.49 (460°C)(860°F), Inspection of this graph will show the promising
reglouse.
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Y, « IRON CONTENT OF COATING (a/m?) :

Both sbeel finishes combined. ' , ?

For this and the following dependent variables, the i

various equabions and their canonical forms will be listed in the order

uged for Yj. A fow comments will be made on‘each.
Second degree equation -~ ' o i
Yp = 26,82 + 3.36x) + 10.10xy = 13,5055 = 0a54%,7 + 4ePlxg® - 13.26x5° | 2
SE b's 071 0.2 0.42 0,60  0.39 0,29 078
+ 1.00x1%p ~ 0.64x3%3 = R93x%4 _ | . | i
052 - 073 073
Canonical form =

a) Center of system - S

o = =156 |
XBS _= "'0.38 3
Yo, = 24470 g/m?

- b) Fquation - : _ o |

Yz -VZI;,.'?O = —0.59}{12 + 4_39}{22 _113.39}{32 : !

) Axes = i

(x) = 1.88) - (xp + 1.56) (xy + 0,38)

X, ~0.994L 0.1077 0.,0L30
e - -0,1063 © ~0,9905 0. 0880

Inspection of the canonical form shows that the third term |
is predominant and consists mainly of the effect of aluminium content. ; ki
This (X3) term is negative and any movement away from the center point . |
in the direction of the X, axis will lead to a drop in iron content of |
the coating, The pecond Term (X,) is also significant but smaller ‘ a1
and is mainly the effect of immersion time, This term is pogitive and : |
a gain in iron content can be expected on moving away from the center :

_point 8 along the X5 axis. The third term, X;, is not significent.

. In Tigure 2, this relationship has been plotted by assuming :
that the X; term is zero and by selling %y equal to 0,49 (460°C) ( 860°F). |
A reduction in bath temperature would tend to decrease the iron content b

of the coating., Inspection of this graph will indicate the most pro- ,
miging fieldas for future tests. L : w




|

Y. ~ STEEL WEIGHT LOSS (g/m®)

3
Roth steel finishes combined.~

Second degree equation -

Yy = 2576 + 3425 + 9489y = 13.43xy + 014w ¢ 3.98x% - 9.97x5"
SE bls = 0,70 0.41 0,41 0.58  0.38 0438 0,76

+

1.83x1x2 - O.7lx1x3 - 3»5Ox2x3
0.51 0.72 0.72

Canonical form:

a) Center of system - S
Xls = 8.06
Xzs = '3-2’7
Y35 = 26,02 g/n

b) Equation. -

. 2 <
Yy = 26,02 =-0,07%% + 4u41X,° - 10.19%5
¢) Axes -
Rl G 2 02
Xq 0.9757 -0.2189 0.C046
X2 "Oo 2181 "‘Oo 9681 O. 1231

The patlern here is the same as that found for Y3 and Y,
except that the center of the system is remote from the experimental
conditions,

The coefficient of Xy is not significant and was assumed to
be zero for the purpose of plotting Figure 3, In addition, the bath
temperature x7 was set at 0,49 (460°C) (860°F). The effect of immersion
time and aluminivm content can be readily seen from the graph. Figures
2 and 3 may be compared directly since both have been plotted for a
both temperature of 460°C (860°F'), The two plots are very similar.

"
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¥, - COATING THICKNESS (mm)
Both steel finishes combined.

Second degree equation -

i

Ly

0.037 + 0,0L3x, = 0,021k + 0,005k, = 0,0L0x5% = 0,006xyx,
SEbls = 0,002 0.001 0,002 0,001 - 0,003 0,003

Canonical form -

a) Center of system - S

‘ = "".1-67 .
2= o
Yli-s = 0. 03 mm

b) FEquabtion -
' - 2 2
¥, - 0.031 = 0,006X,% - 0,011X,

¢) Axes -

(%o + 1.67) - - (x3 + 0.53)
Xy , : 0.9815  -0.1915
X3 0.1915 0.9815

This relationship is shown in Figure 4.
Y5 = ALLOY THICKNESS (mm)
Both steel finishes combined.

Second degree equation -

Y5 = 0,023 + 0,003% + 0.0L1x, = 0.0L4xg = 0,0002x + 0,005
SE b's = 0,001 0,001 . 0,00l 0,001 0,001 0.0CL |

2

0,013x5” + 0.00Lx;x, = 0.00Lxyx5 = 040023,
0,001 0,001 0,001 0,001

" Canonical form -

a)  Center of system - S

K. = 3,08
1s .
*og = -L.Gk
XBS = ""On4‘8
Y5, = 0,022 mm




| N

b) Equation -

‘ Yy - 0,022 = ~0.0003%;" + 0,0053K," - 0.013ox32
c) Axes - _
(x7 - 3.08) (% + 1.64) (x5 + 0..8)
X, 0.9905 ~0,1356 . -0,0227
X% ~0,1339 ~0,9887 00675
| X5 0.0320 0. 646 0.9974

The pattern here is similar to that found for Y, to Y, with
the center of the system remote from the experimental conditions in
regard to xj. ' -

In plotting Figure 5, since Xy is not significant, it was

assumed to be zero., In addition x;, the bath temperature was tseken at
| the zero level or 455°C (851°F).

Y6 -~ RATIO, ALLOY THICKNESS: COATING THICKNESS (%)
Both steel finishes combined.,

Second degree equation -

61-32 + 4035X1 + 5-073C2 - 250331(3 + 1.22}[12 + '1.0142{22 - 34.56X32
0,92  0.54 0.5 0,77 0,50 0,50 1,00

g,
SHE bls

|

P4 0486x1%, = Le59%Xg + 1o71X0X4
0,66 0.9 0494

Canonical form -

a) Center of system - S
xl = "'l|54
Xog = =1.37
XBS = -0637
L . . Y6S = 59.1%

b) Equation -
Y - 59.13 = 0,792 + 1.61X,° - 34,60k,
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c) Axes -

(x; + L1.54) (xp + 1.37) . (xg+ 0.37)
X] ‘ ’ R On6r/33 . “Ou739[y ~0. 001;.9
X5 - 0.7392 : 0.6735 0.0009
Xy 0.0226 - : no.0247 9995

. In Figures 6(a), 6(b) and 6(c), this relationship has been
plotted. These figures have been plotted setiing the aluminium content,
the. major variable, at 0, 0,1 and 0.2% and showing the effect of the
two minor varisbles at each aluminium level,

These graphs show the relative effects of bhe three variables
and indicate the most promising fields for future tests.

It should bo remembered that in the originel data, the high
aluminium coatings (0,2%) failed to show an alloy layer of measureable
thickness., An estimobe of 3% was used in each case to facilitate the

calculations. Figure 6(c) is therefore, only a rough approximation of
the true relationsghip,

In Figure 6(d), the ratio of alJoy thicknesss coating thick-
ness has been plotted against aluminium conbent of the bath for a bath
temperature of 455°C (851°F) and an immersion time of one minute.

Yy - COATING DUCTILITY (Cupping Test)
Both steel finishes combined.

. CODE - 1. BExcellent, no cracking
2. Good, network of fine cracks
3. Fair, general crecking, small blocks
4o Poor, wide separabion of medium~gized blookq :
5, Very poor, general D&Ollng of coalbing in large blocks.

Second degree equation -

Yoy = 2,00 + 0,21k + 0.49%5 = La36xy » 0,11x1° + 0.10x,% = 065157
SE b's

)

0,056 0,04 0,04 0,05  0.04  0.04 - 0407
+ 0.10x7%3 + 0.08x1%3 = 0.08xpx

0,05 0,07 0,07
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Canonical form -

a) Center of system - 8

Xls = "0059
Xoy = =200
X3g = ~0.93
Yo = 2.99

b) Equation -

Yr? - 2.99 = "‘Ool:].x.lz + 0.12){22 had 0065}(32

c) Axes -
(Xl + 0059) (X2 + 2044) ' (XB + 0093)
x3 ~0.079% 0.059% 0.9951

This relationship has beson plotted in a manner similar to that
used for Y. Tigures 7(a), 7(b), 7(c) have bheen plotted setting the
aluminium- content, the major variable, at 0, 0,1 and 0,2% and showing
the effect of the two minor variables at ecach aluminium level.

A comparison of the three graphs will show the relative effects
of the three variables.

In Figure 7(d) the coating ductility has been plothed againgt

alunlnium content of Lhe bath for a bath temperature of 455°C (851“?)
and an immersion time of one minute.

Yy - COATING ADHURENCE (Bend Test)
Both steel finishes combined.

CODE = Minimum bend radius causing flaking (90° bend plus a 180°
reverse bend).

l. 0.050"111'1. Su 00192"'.1.1'10
2., 0,070 ® 6. 0.252 "
3. 0,100 n Te 0,320 M

bo  Qald4 M 8. 0,400 "
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Second degree equation -~ ' ?
Y8 = 5 L] 38 + Ol 31X1 + 0069X2 - 2. 5/}3{3 - 00 09X12 + O ¢16x22 - 1089.}(:32 E‘
SE b's = 0,08 0,05 0,05 . .0.07" 0.05 0. 05 0.09 ' ;

0.O7xlx2 - 0.02x1x3 - 0.04x2x3
0.06 0,09 0.09
Canonical. form -~

2) Center of system - 8 ' i

X, = 2,36
w5 = 179
XBS = “0.66
Y, = 5.97

.b) Equation - |
Yg - 5.97 = =0.10Ky° + 0.16X,° - 1.89%,?

c) Axes -

(1 - 2436) (xp + 1.79) (xg+ 0.66)
X, ~0,9913  .0.1315 0.0073 . !
X5 . =0,1316 0.991.3 ~0.0095 N .
X5 ~ 0.0059 ~0.0103 0,999 o :

_ Tixaminabion of the canonical form shows the third term (XB) 3
to be predominant and ‘this term is mainly the effect of changes in” h
aluminium content. The first term (¥7) which is mainly the effect of v
bath temperature is not significant, The gecond térm (X,) although |
gignificant is small and consists mainly of the effect of immersion |
time. ; : ' :

- By assuming that X% is zero and by setbing bath temperature - i
at the zero level (455°C)(851°F), Figure 8 has been plotted showing . i
tha effects of immersion bime and aluminium conbent changes on . H

adherence. f
i

- i

, ‘ | . :

Tg = SPANGLE SIZE - ' : !

l, Large : , i
2. Mediun |
3. Small ;
he Ho spangle ' it
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Second dogree equation -

£

Yo = 2437 = 0175 - 1.0%x, + 1.42x5° + 0.13%,° - 0.50x5%,

SE b's= 0.16 0,16 0.16 0.21 0,21 0,28
Ganonical form -
a) Center of system - S
o . = lnlB
xzz = 6011
Ygs = "O.86
b) Equdtion - '
- 2 2
Y9 o+ O|86 -—— ch?XB + 0008X4
c) Axes -
‘ (X3 - 1-13) <}C/P - 6.11)
Xq 0s9830 ~0.1837
X4 0.1837 0.9830

Nos. 5 Steel Finish

Second degree equation -

Yl = 3.66 = 0.11x; - 0,69x, + 0.27x32 u 0.44x42 - 0.50x3x,

SE b's = 0,15 0,15 0.15 0.20
Canonical. form -

a) Center of system - S

X = "‘0035
XZ; = —Q-59
Y9ﬁ = 3,88

b) Equation -

! - 2 2
Yg - 3-88 v— 0934X3 had 0052X4

0.20 0s27




c) Axes -

(3t + 0.35) (g, + 0,59)

L TR T ey T TR T T

X3 049531 -0,3027
X, 0. 3027 059521

These two relationships have been plotted in Figure 9o

L

Ylo ~ SPANGLE, CONTRAST
CODE - |

1. Good,spangles well defined

2. Moderate,spangles well defined ,
3« Low or no contrast. Spangles outlined only
4e No contrast (no spangles).

No. 3 Steel Finigh

Second degree equation -

Yjp = 2440 + 0.06xy = 0.33x, + L.2b6xs® + 084x,” + 0.00%5x,
SE b'a

il

0.13 0.13 0,13 0,17 0,17 0420
Canonical form -

a) Center of gystem - 9

Xy, = =0,02
xg = 0.0
Vo = 237

b) FEouation - ‘
" - D 7)0;' = 2 4 Sy 2
3;‘10 rea 2 1026X3 + 0.81'}{4,
¢) Axes -

I ey T by CrrrLir s b T Y

Xy | 1.0000 . 0
X 0 1.+ 0000
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No. 5 Steel Finish

Second degree equation ~

1 . 2 2 . '
Yig = 3.64 + 0,035 = 0.31x, + 0.35x,° ~ 0,06x)" + 0,00x5%,
SE b's = 0,13 0.13 0.13 0.17 0417 0.20

Canonical form -~

a) Center of system ~ S

X!{S = "‘2.1{2
1. = 4.0k
Yi'Os ‘

b) Equ&tion -
1 = 2 2
Ylo - 4.01 - 0.35X3 - O. %X/“

¢) Axes -

s
(g * 0.08) (), + 2.42)

X4 1.0000 0

X 0 ~1.,0000

These two relationshipa have been plotted in IFigure 10, For
the No. 5 steel finish, very little variation in spangle contrast was
exporienced. As a result, only one contour line falls within the
experimental region. An improvement in contrast is indicated in the
direction of the arrow marked 3.

Y,; - BRIGHINESS (Photometer Reading)

Both steel finishes combined.

coDE -
1. O - 1.25
2. 1.5 = 2,75
3. 3-0 - /]—-25
o 4a5T

Second degree equation -

Yy = 2.40 + 0,36y = 0u79xg = Ouhbxy + 017177 + 0u4725° = 0.32x,2
SE b's = 0,13 " -0.07 0,11 0,11 0.07 014 0.4
+

0.00X1)C3 + O-OOKle:A L] 0./.],6.}{33{4
0.13 0.13 0.18
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Canonical form -

a) Center of system - S

) xls = "'1.05
x - 0.37
xz; = "0.98
Yi1g = 229

b) Equation

i

¢) Axes = |
(xy + 1. o)) (xg = 0.37)  ~ (x + 0.98)
X 1.0000 0 : 0
3 ~0,0008 -0.9657 ' 0.2596

Exsimination of the canonical form shows that the effect of

factor X, is small and is almost entirely due to x,. In plotting
Figure 1I, it waa therefore assumed that X, is zerd, and x; was seb
at the zero level (455°C) (851°F). Only t%e offects of x, and X,
upon brightness are shown. :

/ - An increase in bath temperature within the range of experi-
mental conditions wlll tend to increase the photometer readings.. .

¥y, - ROUGHNESS

Q
S

&3]
1

|

1. Very smooth
2+ . Moderately smooth , ,
3. Tine to moderately rough, sandpaper texture

Ao ' Rough texture
No._3 Steel FPinish

Second degree aquation -

o Ip
SE b's

n .

0.14 0.09 0.09 0.12 0.08 0.08 0.16
0.06x1x2 + O.25i1x3 * 0.00x2x3 ,

+

0,10 0.15 0.15

1.95 + 0,29%) + 0.38x, - O. 253 + 0.06x;2 + 0.06x2 + 1. 05;«32




Canonical form -

a) Center of system - 9

}{18 = "2027
Xy = -2.01
X}S = 0039
les = 1.20

b) Equation -

Tyo = 1420 = 0,08%)° + 0.02X7 + 1,072

¢) Axes -
(Xl + 2. 27
Xl 0,6110
X2 0.7820
XB 0,1228

No, 5 Steal Finlsh

)

—

Second degree equation

3

(X2 + 2,01) “ (XB - 0.39)
0.'7890 -0,0653
- O' 6144 "O. 1043
0.0038 0.9924

Yol = 2.84 + 0.37x; + 0.26xp = 0.50x3 = 0.11x; 2 + 0,02x5% + 0,39x5°

SE b's 0,17 0.10

il

0.12

Canonical form =

0.15}(1){2 + 0.423C1X3 + O.OOJC2X

0.17

0.10 0.14 0.09 0.09

3
0.17

a) Center of system - 9

X = 1,67
X:]):: = "'09 6/4.
Y123 = 3'13

b) Equation

1913 =0q.0 2
le - 3.3 = O.Z.LXlz 4 OoOAXz + 0.46}(12

0.18
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¢) Axos -
(% = 1.67) (x, + 0.64) ~ (x5 + 0.25)
X, ~0.9012 . ~0.2951 0.3173
X, 0.2582 ~0.9538  =0.1541
X5 0. 2479 -0, 0565 0.9358

For both steel finishes X, is not significant and’has been
assumed to be zero for plotting Purposes. In additlon, :immersion
time (x,), although it does have an effect upon roughness, has been
get, at the zero level (1 min) to facilitate the plotting of Figure 12,

In the canonical. form X, is the most important variable in

both cages and its effect 1s rélated mainly to the aluminium content
of the bath.

Y, - PERCENT GAIN IN AVERAGE DIFFUSIVITY AFTER THE HUMIDITY TEST
No. 3 Steel. Finish ' A

Second degree equation - A
Yy3 = 723 = 6.00x) + 10,88x + 8.07x, = Tu54y® + 19.96%5° + 17.78x,°
SE b's = 6.66 3.9/ 5,57 5457 2,58 5,16 5,16

4

Lolligxg + 4eb0yx, + 6.10x5%)
4e83 4e83 6482
Ganonical form -

a) Center of system - §

%, o= =0,42
x%: = ""0026
xl*s - -0013
Y139 = 653

b) Equation -

- 2 2. 2
YlB - 6.53 - "7.77Xl + 22.1/4X3 + 150841(4
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¢c) Axes -

o+ ) Gyt 0260 Gy 00
X1 ~0,9952 ~0.0301 0.0932
Xé 0.0300 0.8115 0. 5836
X4 ~0,0933 0.5836 ~0,8067

No. 5 Steel Finish

Second degree equation -

Y131 = 7,12 - 5.13K1 + 14.68X3 + 5.08X4." 3.69X12 + 35.77X32

SE bts = .6.21 3.68 5,20 5.20 3440 6.81

£

sl R . ,
20.b6x4 + O.66x1x3 - O.62x1xA + O.92x3x4
6481 6,37 6437 9,01
Canonlcal form -

a) Center of system - S

xls = "‘Oorlb
XBS = "'0020
XZs = "“0.13

d r aof
YlBS = ~'7,09%

b) Equation ~ ‘
1 - 2 ” 2 .. 2
YlB + 7.09 - “3n69X1 + 3)079X3 + 20055x4

¢) Axes -

(xy + 0,70) (x3 + 0.20) (x4 + 0.13)
Xl "009999 0.0085 '0-0128
X3 0.0082 049995 0.0302
X 0.0133 0.0301L ~0.9995

Examination of the canonical forms for both steel finishes
shows that Xy 15 small and not significant and its effect is related
mainly to x, the bath temperature. To facilitate plotting of the two
graphs in Figure 13 the variable X; was assumed to be zero and the
bath temperature x; taken as -0.7 (448°C)(838°F).

L
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Y, ~ COBROSION INDEX - WHITE, AFPER HUMIDITY TEST
&2

There were no significant factors found for either of the two
steel finishes. There is, therefore, no Figure 1l4.

¥

15 ~ WEIGHT GAIN FROM CORROSION AFTSR HUMIDITY TEST (mg)

Both gteel flnlshes combined.
Second degree equation - P _
= 2 2 v 2
i Yl5 b 38.8 -+ 307}{:1 - 100}{2 + 303X3 + 602}{4 - 4043{1 4.3}{2 + 14.5}(3

SI bls 3-5 10’7 1.7 2.5 205 106 o 106 3-3

I

- 7;7xA?.+ 1.9%%y = Re3x3%3 = 1.5x1%) ~_6}9x2x3 * 2.2x0%) —‘O;6x3x4
3.3 2,1 3.0 3.0 3.0 . 3.0 . Le3
Canonicgl form -

a) Center of systém = S

x%s = 0,12

x“s = 0,05
38 .

YlSs = 40.6 mgs

b) Equation - -

Yy5 = 40,6 =-3,99%,2 = 4.88X2~ + 13.2 x3 - 8, 29x4

¢)  Axes - ,
(ﬁTogm (k3 -~ 0,12) (x4 + 0,05) (x = 0.38)
X 0.5233 ~0.7338 -0,1175 -0.4171
3 0.0742 0.1966 -0.9774 0,0225
X 042449 ~0.3373 ~0.0284 0.9085

With a fouf;factor systen, és wﬁth a three-factor system,
some assumpbions have to be made and some conditions set,in order to
plot the 1mporLant factors in two dimenolonn.

Canonical factors Xy, and Xp are small and of doubtful signi-
ficance compared to X5 and X3 therefore, by assuming that X; and Xp
are not different from zero and by setting x3 and X, both at the zero
level (i.e., a bath temperature of 455°C (851°F) and a one-minute
immersion time), a two-dimengional system in X3 and x), may be plotted. -
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This plot only roughiy represents the true.relationship but is sufficient
for our purpose. FExamination of the canonical form will give a better

"idea of the whole system.

Y1 - WEIGHT LOSS FROM CORROSION AFIER HUMIDITY TEST (mg)
Both steel finighes combined.

Second degree equation -

: 2 2
Y16 = 60s4 + 3.7xp + R3.2x3 + 6.2x5% + 9.6X3 - 7.8x2xB
SE b's = 3,6 2.5 3.6 2.3 Le'l be s
Canoni.cal form -
a) Center of system - S
X = w~ll.42
ng = "'1.80
'Ilée = 36.9 mgﬂ
b) Equation -
Y16 = 36.9 = 3.65%,° + 12.14%,%
c) Axes -
(fﬁmf_?’Az) (fgni 1:?8)
X, 0.8334 | 0.5527
x5 0.5527 ~0.8334

This relationship is shovn in Figure 16.

Y17 « CORROSION INDEX - WHITE (24 hr) - AFTER WATER FIIM TEST
2
Y17 = 2‘49 - 0.23]{3 + 0g28X3

Here only one factor was significant and it has been plotted
directly in Figure 17.




ﬁﬁ-(mmwmnﬂlmmxntmrm ushr)~AmmemmRFuMTmﬂv
Both steel finishes combined. |
Second éégree equation - ‘
Yig = 270 + 0.05xy + 0.17x3 - 0.08x,° + 0.31x5% = 0.09%y%3
SE b's = 0,08 0,06 0.08 0.05 0.11 0.10
Canoni.cal form - ’

a) Center of system = 8

K3g  F <V

b)  Equabion
Yig = 2469 5~0,09%p% + 0.32¥5"

¢) Axes -

X, 0.9934 0,1150
x5 0.1150 | - -0,9934
This relationship is shovm in Figure 18,
& & &
,';':!:
(":) .
JIS:(PES)vh

(Figures 1-18 follow,) .
(on _pages 51 to 62. )
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