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OTTAWA 	July 3, 195. 

REPORT•  

of the 

ORE  DRESSING AND METALLURGICAL  LABORATORIES. 

Investigation No. 1900. 

Effect of Corrosion on the Strength of C>rtain 
Magnesium and Aluminium Alloys and Steel. 

Background:  

In a telephone conversation held on June 5, 1945, 

with Colonel E. C. Thorne, of the Directorate of Engineer 

Development, Quartermaster General Branch, Department of 

National Defence (Army), Ottawa, Ontario, it was requested 

that a comparison be made of the loss of strength of magnesium 

alloy AZ31X, aluminium alloy 7E ST and mild steel under cor-

rosive conditions.% It eîas also requested that a study be 

made of the effect of combining aluminium and steel and mag-

nesium and steel under corrosive conditions. 

The magnesium and aluminium alloys to be tested 
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(Background, conttd)  - 

were to be supplied by Colonel Thorne and the steel cas  to 

be supplied by these Laboratories. 

TESTS PERFORMED: 

The mechanical properties of the aluminium, mag-

nesium and steel were determined. Then four samplea of the 

magnesium alley, four  samples of the steel and  two samples 

of the aluminium alloy  (one  from each of the extrusions sub-

mitted) were placed in the Intermittent Immersion Corrosion 

Test at about 90 0  F.,  usine 20 per  cent salt (sodium ehlorldS) 

solution as the corroding material. At the.same timo two 
A 

assemblies-each consisting of  a steel sheet (S.A.E. 1025) .  

and a magnesium sheet (alloy AZ31X) held totether by a steel 

nut and boltpand  two assemblies each consisting of  a  steel 

sheet (S.A.E, 1025) and  a piece o£  the aluminium alloy extru-

sion (alloy 75 ST) held together by  a  steel nut and boltovere 

placed in the Ini:ermittent  Immersion Corrosion test under the 

same conditions. 

I. - Mechanical Properties of  the Metals.. 

The mechanical properties cf four samples of steel, 

four samples of magnesium alley, and two samples of aluminium 

alloy (one from each extrusion tested) were determined. The 

results are shown In Tables  I, II and III respectively. 

Tehle 	Mechanical Pro  erties 	of  Steel S.A.E. 	1025. 
se 01  :  Area  o!: :Ogilercener---------  

: cross- :Ultimate: proof :Elongation 
:section,:strenethestrength, :in 2 inches, 

	

0.0285 X 0.498  :  0.0142 : 59,600  :  43,000 	: 	30 

	

0.0285 X 0.498 : 0.0142 : 58,800 : 42,300 	: 	27 

	

0.0285 X 0.496 : 0.0141  :  58 ; 700  :  42 ; 550 	: 	27 
0.0285 X 0.499 	0.0142 : 60,400 : 43,600 	: 	29 

■MOIMIII.M11•00.!! 	 ■••■••■."-.■ 

Average  	 :  59,370 : 42,860 

test 
epecimen, 
inches 

inams=eammisa 

28 



• 
«mor■••••■■•••-n•■ mmulaM•Me ••■••■•■•••••••••■•■••••••••■1 0.01•Men 

Avers 1  36 260 : 18 4880   : 22,5  

• 

	

. 	teat 	: croes- :Ultimate: 

	

Extru-: 	specimen, 	ssection,:strength0: 

	

sion  : 	inches 	:se. in. : p.s.l.: 

: 0.0634 : 88,400 : 
:  0.0509 : 84,500 : 

proof :Elongation 
atrength,:in  2 inches, 

.s.i. :per  cent 

80,000 : 
76,700 : 	11.5 

A 	: 0.127 X 0.499 
B 	: 0.102 X 0.499 

	Table III. - Meclealpjljej 	eL4 
rzéTir 

m42.111114nUm  Alloy 

	

! Area  nit 	 .  la ,e7 cen.: : --g - "—  • 
Aluminium Alloy  753T.  
àepeercents 

10.0 
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(Tests Performed, Conttd) 

Table II. - Mechanical  Pro  erties of Magnesium  Allm_12.:31X. 
Siîe  of rea o : 

test 
speoimen, 
inches 

Area of: 	:0.2erbént: 

illoillmffleacillallmumixtaar=utes: 

	

0.496 X 0.062 	: 0.0307 	36,200 : 13,400 	22.0 

	

0.497 X 0.062 	0.0307 56,450 : 18,900  : 	23.0 

	

0.500 X 0.062 	: 0.0310 : 36,900 : 19,440 	22.5 

	

0.500 X 0.062 	: 0.0310 	36,500 : 189 700  : 	22.0 

: cross- :Ultimate: proof 	:Elongation 
:section,:strengthe strength,:in  2 inches, 
:s • in, 

••■• 

Corr° 15 2n21-92.1.211.2.111eLtntell. 

The single samples of the metals.were  started to- . 

gether in the corrosion test. 

( a )  MunpAma22112LAIMI - 
After 48 hours, one sample was removed  from 

from the test. Its Mechanical  properties  • 

were: 

Ultimate ntrength, 28,600  p.s.i. 
0.2 per cent proof strength,  16,800 p.s.i. 
Elongation in 2 inches, 6 per  cent. 

After 90 hours one saMple was removed  from the 

test. Its mechanical properties were: 

Ultimate strength,  25,300 p.s.i. 
0.2 per cent proof strength,  24,250 p.s.i. 
Elongation in  2  inches,  6 per cent. 

Atter 192 houre the two remaining  samples were 

removed from the test.  Figure 1(a) shows 

their appearance. Their  mechanical proper-

ties were: 
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(Tests Performed, canted) - 

Ultimate strength, 12,100 p.s.i. 

	

12,070 	e 
amn■•■■••■••■■ 

Average,' 	12,085 	n  

Elongation in 2 indhes,  3 per cent 
1 	n 

Average,  2 

(b)  Steel S.A.E. 1025 	 . 

After 90 hours  one sample was removed from 

the test. Ite mechanical  propertiee were: 

Ultimate strength, 54,600  p.s.l. 
0.2 per cent proof strength,  41,700  p.s.i. 
Elongation in 2 inches, 24 par cent. 

After 192 hours one sample was removed from  the 

test. Its mechanical properties were: 

Ultimate atrength, 56,800  p.e.i. 
0.2  per cent  proof strength, 41,4A00  p.e.i. 
Elongation in 2 inches,  26 per  cent. 

After 360 hours the two remaining  samPles  were 

removed from the test. Figure 1(c)  shows 

the condition of one of them. Their 

Mechanieal properties were: 

Ultimate strength, 54,900  p.s.l. 

	

53,700 	n 
Average  574-750-0 n 

0.2  per cent  proof strength.  38,300 p.e.i. 
38.700 	" 

	

Average, 	DiJo bU0' 

Elongation in 2 inenes, 27 per cent 
26 

Average, ••.5 per cent 

(c) Aluminium  All2z21.11  - 

After 192 hours  one  sample (that taken from 

extrusion A)  was  removed from  the test. 

Its mechanical properties were: 

Ultimate strength,  87,100 p.s.i. 
0.2  per  cent proof  strength1 79,600  pos e ie 
Elongation in 2 inches,  6.5  per  cent. 
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treats Performed, canted) - 

After  MO  hours the other sample (that taken 

front  extrusion B) was removed from  the 

test. Figure 1(b) shows its condition. 

Its mechanical properties were: 

Ultimate strength, 82,100 p.s.i. 
0.2 per cent proof strength, 69,400 
Elongation in 2 inches, 12 per  cent. 

•••• 

III. Corrosion  Test On Metal Assemblies. 

(a) Steel-Maieesium AateALL  - 

After 17 hours in the Intermittent Immersion 

Corrosion Test, the two steel-magnesium 

assemblies were removed. The steel sheets 

and nuts and bolts were entirely free from 

corrosion. The magnesium sheets were very 

badly corroded, much more so than  if  they 

had  not  been connected to the steel. 

Figure 2(a) shows the condition of 

the assemblies. Figure 2(b) shows the 

condition of magnesium sample which had 

been subjected to the same treatment with-

out being in contact with steel. 

(b) Steel-Aluminium Assembly  - 

After.350 hours in the Intermittent  Immersion 

Corrosion Test, the two  steel-aluminium 

assemblies were removed. The  steel 

nuts and bolts and the parts of the 

steel sheets which were fairly close to 

the aluminium were free from corrosien. 

There was a small amount  of corrosion  on 

the remainder of the steel aheets,  much 

less than  if  they had not been connected 
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(Tests Performed,  conttd) 

to the aluminium. There was much more  cor-

rosion on the aluminium than if it had not 

bown connected to the steel. 

The condition of the two assaniblies 

(back and front views) is shown in Figure 

3(b). The condition of aluminium tested 

alone under the saine  conditions is shown 

in Figure 3(a). The  condition of steel 

sheet tested alone under the saine  condi-

tions is shown in  Figure 3(c). 

elee.M1111•1 

Conclusions: 

On the basis of the above experimental  data the 

following  conclusions can be drawn: 

1. (a)  On the basis of the changes  in ultimate strength 

during the corrosion  test, the  average penetra-

tion of the different metals  per hour due to 

the corrosion was as follows: 

Aluminium, 0.000,004  inch (based on 360 hours). 
Steel, 0.000,003 Inch (based on 360 hours). 
Magnesium,  0.0001 inch (based on 192 hours). 

(b) On the  basis of the changes  in proof strength 

during the corrosion test, the average penetra-

tion of the different metals per hour due to the 

corrosion  was as follows: 

(Note: 

 

Aluminium 0.00001 inch (based on  360 hours). Aluminium, value 
based on the change in 

ultimate strength probably is more 
accurate. Unfortunately,  there 
were no additional samples  for 
check purposes.) 

Steel, 0.000,004 inch (based on  360 hours). 
Magnesium, 0.0001 inch (baeed  on 90 hours). 

t should be noted that both aluminium  corrosion and 

magnesium corrosion were of the pitting typo,  while 

that of the steel was comparatively uniform.  Aocord-

inglz the maximum value of penetration  per hour will 
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(Conclusions, contld) 

be considerably greater than  the  average  value given 

above in the case of  the aluminium  and  magnesium but 

it will be only slightly greater in the case  or  the 

steel.  For the purposes of this investigation  the 

values  for average penetration probably  win be  more 

useful  than those for maximum penetration. 

2.  (a) Magnesium givee excellent protection  to  steel  con- 

meted eleotrically to it. At the same  time,  the 

magnesium corrodes much faster in contact  with 

the  steel than When it is alone. 

( )  Aluminium gives some  protection  to  steel  connected 

electrically to  it. At  the  same time ;Ile 

aluminium corrodes faster in contact w:_th  the 

steel than when it is alone. 

1.  The penetration values given are for  nagneeium 

alloy AZ31X,  aluminium alloy 75 ST and steel  S.A.E. 1025. 

Other alloys  of these metals would give widely different 

reeults. 

2. In cases where two different metals  are  in con-

tact,  the rate of  corrosion or  the  anodic metal (magneeium  or 

aluminium in the  present case) is governed to a certain extent 

by the ratio of  the area of the anodic metal to  the area of 

the oathodic  metal. In the tests described above the  rate  of 

corrosion of  the magnesium (or aluminium) in  the assembly would 

have been much less if the  area  of the magnesium (or  aluminium) 

had been very great compared to  the  area of the steel. 

3. The  values for average  penetration shwld  not 

be  used directly  in engineering calculations because  the  con-

ditions of the accelerated  test are  different from  actual 

service conditions.  However, it is believed that the  ratio  of 



• 	• 

Faie 6 - 

(Important Notes, conttd) - 

penetration of magnesium : penetration of aluminium  : penetra-

tion of steel  will.be  approximately the same as  undcr  service 

conditions. 

Further Investigation: 

Since the above teste were completed, a sample of 

aluminium alloy  17  ST  was received (June 27) from Colonel 

Thorne, to be tested comparatively with samples of the three 

metals used in  the present investigation.  In perfor.ming 

this test  the various metal samples will be  made with approxi-

mately the  same thickness. This should improve  the accuracy 

of the  results. 
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(b) 	(c) 

SAMPLES OP MAGNESIUM ALLUT, ALUMINIUM ALLO 
AND STEEL AT THE END  OF  THE INTERMITTENT 

IMMERSION CORROSION TEST. 

The corrosion product was removed in each  cas .  

(a)Magnesium alloy after 192 hours In 
the test. 

(b)Aluminium alloy after 360 hours In 
the test. 

(o) Steel after  360  hours in the test. 

(u) 
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Figure  2. 

(a)  

GONDITION  OF  STEEL SHEETS (AVE,  CONNECTEZ) 
 TO MAGUESIUM SHRPCS (BELOW) BY STEEL  BOLTS 

AND NUTS ;  AFTER 17 HOURS IN THE INTERMITTENT 
IMMERSION CORROSION TEST. 

tair1111 

(b)  

CONDITION OF  MAGNESIUM SHEET ALONE 
AFTER 17  HOURS IN THE INTERMITTENT 

IMMERSION CORROSION TEST. 
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(i' ) (b ) 

(à) CONDITION OF ALUMINIUM ALONE AFTER  360 H0115 
IN THE INTERMITTENT IMMERSION CORROSION 

(b) CONDITION OF STEEL SHEETS (ABOVE)  OONNECTÏ.J 
TO ALUMINIUM (BELOW) BY STEEL BOLTS  AND 1.STS, 
AFTER b60 HOURS IN THE INTERMITTENT  IMMEION 
CORROSION TEST. Front and back views. 

The corrosion product was not removed  in eithe? (a)  or b). 

(c) 
CONDITION OF STEEL SHEET ALONE AFTER 360 HOURS 
IN THE INTERMITTENT IMMERSION CORROSION TES, 

The corrosion produet was not removed. 

RRRJLB. 


