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Or -igin  of I:atrial  and  OblE..:t of Investiration: 

In  a letter dated ,:anuaty 13th, 1942, Ir. K. S. 

a-ef11ns, Assistant chier Inspector (Eaueria1s), nritish 

1Lr Conniszien e  "a6hin,,ton, D. C., requested  the el.amination 

02 tue  samJlea of numinium arloy ext/usions. It was sLaLed 

tilr.t the or:bra:liens were maue frola aluminium alloy 245 , 

&ample Fo. 1 bellk; ln the "as c...tyudtidu  co,-,ditlon and 

Sample I •:o. 2 avInG  boen  hoat-treatec,. 

It wus requested tùat a  maerc-exanination be  made  
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(OriGin of :::atorlaI and Object of InvestiGation e  oonttd) 

to determine evicience of any discontinuitles. It was 

stated that cracks had previously been discovered rwar 

tho inside radius of the riht-ahule bend. It was 

further requosted that both  of the samples submitted be 

-examined microscopically to determine the (_eneral soundness 

of the materl_al. 

In lus  letter, 'rr. .qawlins stated that some of 

tho sectons similar to those from which the samples have 

been cut have exhUDited a sponGy appearance at the ends 

very similar to the surface of a castinG. 

Fibure 1  shows  the samples  as received. 

Fii:mra  1. 

sAmrLEs AS R1:Cl2IVED. 

(Approximately 1/2 size). 
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Macro-Examination 

In makin3 the macro-exmination the Coli.owng 

two etGhing reagents were  us  

50 per cent NaOli ± 50 per cent H20. 

2. 	Tuckerls Reagont 	15 per cent HIP e  

15 	u H1103, 
25 H2O 

(TMe was scibsequently immersed in 
concentrate 

The semples as receivedL were first etched in 

SolutIon  No 1 and Eihowed no defocts. They were then 

prepared and etched in Solution ro. 2. Again no defects 

were observed. 

To check the se results both samples were Given 

an X-ray examination by Dr. 	Laurence of the 

National Research Laboratories, (tttawa. No indications 

of defect in the material wore shown. 

sample was thn cross-iioctioned into five 

pieces about one-'-half inch thick. These ten sections 

were prepared for etchin and treated in Solution No 2. 

Again no section showed trac:es of any discontinuities. 

Semple 'Ïtp. I o:lowee4 alter etching, uniforn 

harOmess with very faint indicaton of the re-entrant angle 

porticn of material flow. 

PiÉpre 2 shows the apr)earance of a part of the 

etched surface in the heat-treated simple (No. 2). On 

the outside of the shape a coarsegraîn area may be observed. 

(Continued on 
not )ag(3) 

o 
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(Macro-Examination, conttd) - 

Figure 2. 

Macro-structure of a part 
of Sample No. 2 (heat-treated). 

Natural size. 

The results of this examination were sent to 

Mr. K. S. Rawlins, in Washington, by telegram on 

January 21st e  1942, as follows: 

"Macrographie and X-ray examinations of aluminium 
alloy extrusions  show  no defects. Complete report 
following." 

Chemical  Com2osition: 

Sample 	 Sample 
No. 1. 	 No. 2. 

(Per cent) 

Copper 	4.• •M 	 4.35 	 4.37 
Magnesium -- 	1.54 	 1.54 
Manganese -- 	0.62 	 0.62 
Silicon 	-- 	0.16 	 0.15 
Iron 	-- 	0.23 	 0.23 
Titanium -- 	0.01 	 0.01 

Hardness:  

Sample No. 1, as extruded 	- 60 to 70 V.H.N. 

Sample No. 2, heat-treated 	- 130 to 140 T.H.N. 



- Page 5 - 

Micro-Examination: 

ElEllEe  3. 

X100, etched.. X100, etched.e 

(Location "s0 in Figure 1). 	(Location "b" in Figure 1). 

AelPLE 11-.2.L.1._M£MUM2J2:1. 

Figure 3 shows the microstructure inside the 

heavy section in the "as extrudedu condition. The picture 

shows no effect of plastic deformation and appears similar 

to the structure of partly annealed material. 

In the thin section of the shape (Figure 4) the 

structure is distorted and fragmented from plastic deforma-

tion in the extruding process. 

Although Figures 6 and 8 were obtained from the 

outer coarse-grained area there it no apparent evidence of 

this coarseness of grain in the photomicrographs. This 

is because the structure was so coarse that it is difficult 

to show it in a 100-magnification photomicrograph. Actually, 

the fine-grained area in the centre of this photomicrograph 

is from one grain, while the other areas are from other 

• Keller's Reagent: 1% HF, 1-5% Rap 2.5% RNO3, and 95% 1120. 
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X100, etch c.  
Location, "d" in Figure 1. 
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(Micro-Examination, cont'd) - 

grains. 

Figure 7 shows random orientation which Is more 

typical of a cast structure. The structure in Figure 5 

shows the directicn of flow of the metal very clearly. It 

would appear that in the thin sections the cast structure is 

well broken up, while heavy sections remain essentially with 

a structure resembling the original ingot. 

Figure 5. 

XJ.00, etched.' 
Location, "c" in Figure 1. 

Figure 7.  Figure 8. 

X100, etched. 	 X100, etched.. 
Location, "e" in Figure 1. 	 Location, "f" in Figure 1. 

SAMPLE NO. 2 (HEAT-TREATED). 

( 0  Keller's Reagent: 1% HF, 1.5% HC1„  25% HNO3, and 95% H20. 



(Micro-Examination, contd) - 

Figures 5 and 6 show a full heat-treated 

structure. 

In Figure 7 e  taken from a location inside 

the heavy section of the shapo o  the microstructure shows 

the effect of only partial heat-treatment. This results 

from the lesser amount of plastic deformation in the 

extrusion and insufficient solution host-treatment (lower 

temperature and short(;r time than in thinner sections). 

In shapes of varying thicknesses this is normal and 

unavoidable. 

DIscus,sion of R.esults 

MacroLraphic and X-ray examinations showed 

no material defects in the submitted samples. 

Chemical analysis and hardness tests are  normal 

for this aluminium alloy type. 

Micro-examination Shows this material to be 

satisfactory. The coarse-grain area shown in FiGures 2 »  

6 and 8 Is caused by recrystallization which occurs during 

the solution heat-treatment due to the material being 

critically cold-worked in the outer areas in the 

extruding process. 

This non-uniformity of the structure could be 

responsible for lowering the mechanical properties and 

may be overcome only by quenching the material immediately 

after extruding (without reheating) or by satisfotorily 

cold-working before heat treatment. 
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Conclusiona04 „ 	. 	„ 

The subnatted samplon show no :r,ater:Ial 

defects. No spoixy appearanoo or G.raas were observed. 

The ooaroe grain iDeundury 	normal for extruded 

ehapes quenched after reheatin, 
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