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Corosion of an Aluminlum Uloy 
Propeller Dome. 

Irluin.  of  Sample,: elnd Object of Investigation: 

A Hoavnr propeller  donc,  rt.  No PO40A5130 Serial 

Tho D2 =234, was recoivod on  January lith, 1944, from A/C 

Johnson,  for .;1-lief of Air Staff,  Department of National 

Def . ,,nce for Air, Cltawa,  Ontario. '2he covering 1Dtter (File 

NO. W2..(30.=10 (;:A DA1)) 3tated thIA the part, an 11026S 

almUnium alloy foring, h ad  corroded on its internal surface. 

Request was  made fcr  an examimticn to determine the nature of 

the .:o.c.roslon  and .cther  or  not there  was  any metallurecal 

deficiency  that  right tond to aggravate  the conditIon. 

- 

ORif, 



was 158. 

Checulcs1 Analjsir:  

Results  were: 
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'C  •ccuniriat1or  

A view cL1  tbe 2orging as received,  showing . rouhness 

on tbo 	surf 	ir L;lven in Figure  3.0 

Fil7ure  1, 

DOYE AS '.1eCEIVED. 

(f.:,roximatoly ij size). 
••■•■• 

Hardness: 

The Vlzkers  "lardness (10-11ogram  load) of this part 

from the domo were chmanically  analysed. 

J13 	 Ac263 (Alcoa  143) 
Spocification, 
Nominal Comosi.tion 

• Per ent - 

Found 

M 

• 

CorP(Yr 

kananose 
Iron 
3111 "or' 
TitaA_Ier, 
Chronlmn 

	

3,54 	 4.4 

	

0.33 	 0.4 

	

0.77 	 0.8 
0.70 

	

0.72 	 0.8 
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Very faint 
trace. 

- Faint trace.- 
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Itiorcamination: 

A specir wt emoved from tho roue portion  of 

the  for gin„  an  0 	Inour.teC  ic L.i1o1ite  . olished„ an(f- 

examI gmlo  Corrosl 	of the  intorcrystalline  type  waz found 

to be present 0 e.011:  corrosion is shown, before  and after 

etching, in  FicirE. 	and  3. 

igV  
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X2E-0, unetchM o  

Note  Int•Jrcrystalline corrosion. 
tebea 

:Pirpro  

:a0C, Keller's etch:, 

Note intorcrystallino ..lature of corrosion 
(pr,:rtIc.ulv.rly  noticeable near A)G 
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1:iscussion of hcoulte: 

Tho aluminium  alloy used  in the dame  under  discussion 

is of  the duraluein  type. Its copper content is slightly  lcw 

ss  compared to  the nomfulal,  but the'compoeition may be  conaidered 

setisfactory. Certainly, a anall  lowering of the copper content 

would not be expected to increase  the  propensity toward  corro-

sien;  rather, it would be expected  to decrease it. 

The fact that  the corrosion  present is of the  inter-

crystalline type indicatee  that there was BOMB  shortcoming  in 

the thernal  histery  cf  this part.  If there is a possibility 

that this dome may ries  to  a temperature of over 100° C. in 

service  the  harmful effect of  this on the resiStance to inter-

crystalline corrosion IL a point  to . bear in mind. These points 

are Ailly discussed  in  -Wee followine  quotaUons. 

J.  C. Arrowsmitil and G. Murray,  in "The Influence  of 

Delayed quenching Curinï, 3olution  Heat-Treatment on the Resis-

tance  of Duralumin  to  Intercryetalline Corrosion" (Emer  METAL 
INDITeTRnS, Vol.  l No. 1866, December 1942, Page 1879), state: 

"It  wae  found that although variations in com-
position did  allehtly  affect the tendency to intercrystal-
line corrosion neither comeosition nor visible structural 
conditiote cou:.d be regarded as of major importance, and 
it was  realieeel  thut  the  tendency to intercrystalline 
attack wav controlled by the heat treatment which the 
duralumin  haC  tndergone,  Paotora  In tho heatietreatment 
eUch lead to Intercrystalline  corrosion  are:- 

(1)  Jul abnormally large  drop in temperature 
during intervil between removal of  metal from furnace 
and quench5e±, 

eaow  (e.enching  speeds,ouch as are 
obtained when  ueine hot  water  or oil as quenching 
ruodia. 

( 7, ) Reheatîng the heat-treated dureaumin 
to temperature:1-in  exoese  of, say, 120° C." 

Willard  Yutchler in "Corrosion of  Metals Used in 

Pee:'e 0.7  SteniHra, Jeurnal  of Uencare., 

Research Paper V> 1b16, Volume 25, July 1940,  brings out  the 
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(Discuesion of .P.oeults,  contfd)  - 

following points: 

"Intererystalline attack was shown to be 
responei.ble for the aerieus embrittlement of duralumin. 
It was founc'; to be associated with certain microstruc- 
tural conditions that recolted from incorrect heat 
treatment, namely, those ln which particles of the con-
stituent CuAl 2  were precipitated :;long the grain boun-
daries and etite abundantly within the grains. The rate 
of cooling during the quenching, that followezi the pro- 
liminary "solution" heat treateont waE found to be a 
determining  factor° After a  solution heat treatment at 
500 °  C,,  it  had  been the  practice to queneh duralumin 
In warm water to minimize distortion. It was shown 
(Figure 4) °  that quenching in  cold water, preferably 
below 251" C., resulted  in  retention of the CuAl2 par- 
ticlee  in solid eolution.  This  eliminated intercry-
etelliee  eerliosive attack.  Reheating above 100° C. 
of prouerly quenched-an/I-aged  material alsc caused 
precieltatiou of the ).%),11,  compound and so promoted 
intercryttalline corrableft.  :.',pecificatlens now require 
proper  heat treatmente, «which  eliminate the intercry-
stalline  attack." 

IIMMINII•1••••■•••■••••••• 

CeNCLeUCU: 

eerrosive attack  wae  definitely found to be of the 

intercrystalline  type,  which Indicates either overheating in 

service  or nome defect in hent  treatment. OPerational and 

heat  treatrent 1_Hrocedures  should bo reviewed with this in 

mind. The  poesibility of the lubricant being unusually 

corrosive  should not  be  overlooked and  this shnuld also be 

checked. 
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This  figure appearn  in the original paper but is not 

shown in  this  report. 


