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.OTTAY; 	Junz 21st„ 1943. 

E r c 	T 

of the 

OPE DUE23IEG  AND MLULLbRGICAL LnLHAJ:C=S. 

Irvestigation 1J,o. 1434. 

Examination of  a l'itted i2cover Airscrcv nade. 

Szlzh_21_Problem  and  014ect cf 'Investigation; 

In a letr.er (Pile Ne. 902-5 ,-;r:AYAi:-DAI)) dated 

May 31st, 1943 9  !L:i2? Coore A, L. ‘Te'anson., .or Che f  of 

the Air 3ta22,  Do arLait 	1 	oria1!sfence, Pr  

Ottawa,  Ontario, :3que5ta , 1 the -xa:flination  of liezver Airscrew 

Blade No. 1185, whiCh dacwed two areaa  of surface pitting. 

It was raquested that the nature . of  this  pitting 

be deternined in  order to confirm whether.tbis c ,sn(Ution iS 

indiçntive of norc serious defects in trie  material. iz 1as 

also stated that similar Surface defects were fzunr1 on some 

cther blades e  which  or boiri cluarantined rending the rosult5 

of this e;zari1J., 
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DeielnalL2E_of Sanple 

Figure 1 shows t,he airscre blae as  

The areas  cf • surface cne un the t -1) and 

on tha àhank of the blade, 

T■ in- r€1 

AYRSCREW 	 S1PWITT2D„ 

(Approxlmataly la size). 

FiGure 	shows '7die appeurance of tha pitted àrea m 

the blade‘, 

rimare 2 

f,Approximatoly 1/2 size). 
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Chemica1_1,13n1£111: 
er cenu 

Copper 	 4 0 4.5 
Manganese 	 0;74 
iron 
Silicon 	 0,3V 
Titanium 	 0,027  - 
Chromium 	 0,001, 
Magneal= 	- Wono.detected 
Nicke: 	 •  - 	ïona Catected_ 
Zinc 	 %';ur:e 

Metalloraphic rl,xamination: 

Macro§copie cxaminations cr cro 	e3tio3  of  the 

blade cut t1irour.;11 bbe pitted areas  and etc1;.ed in  Tucker's•  • 

reagent (15 	 VOl e  15;-; 111:03 	2e4 	nhcw 	no rilgn 

of any defects in the material,. 

Microscopi e ex=ination  stowed ti:at thc e;;.amneC. 

surface pits were duc to corrosion, Pizures 3;  to 8 s'low 

definitely the intercrystallne chera'et2r of the corrsion 

failure, 

(Fiuurf22 :5 to 0 follow e 

 on  next  Da!1.(3 
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Figure  7, 

7.200 g  unetddea, 
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X20(4 

Figure 5 0  

X100 X200 4,  unetched, 

ta..0 .11.1 
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Keller , s etch °  
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(Metalloraphic 2xaminat1on, cant , d) 
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Kellerlu etch:  1  per cent liW.p 1 4 5 per 0, ,,Dnt E(1,  2.5 por cnt 
and  95  per cont 7120. 
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Discussion  of iesults: 

Chemical analysts showed that the propealarlai 

WUS  made from 25 3T aluminium  alloy; 

Macroscopic examination provcd that ti'.o material 

showed no segregations, inclusions, or other non-unil'ormity 

of the matorial e  

Microscopic examination shows that the suriace 

pits are due to iatercrystalline corrosion attack. Th1s 

type of corrosion Is  it  nont dangoroun one, because the 

surface pits are mostly very small and therefor difficult 

to detect, While the corrosion proceeds along the graia 

boundaries deeply into the material. 

IntercrystaUlne (or inter,;ranular) clrrOsion 

causes a graduai loosening of the graina  cri dissolutior 

the intorcrystalline matter. This fistular granulation cif 

the material below the surface causes considerable reductin 

of mechanical properties, especially of the fatigue strength, 

nd after sufficient progress of the corrosive Lttac1( the 

material suddenly breaks. 

Intercrystalline correslon_occurs usually after 

quenching at too low teraperaturez which are just sufficient 

to  sbart  visible precipitation e  These initial preipttat' s 

are generally locaced in the grain boundar:!es„ whereas a 

coarser and mbre J.niform. precipitation OCCU:!3 throughout  Lie 

crystal grains at àigher quenching temperatur, 

SOMG Of the age-har(lenmIlis a]uminiam alloys » 

 especially if compor-bearing, may saffer intercrystaLlf.ne 

attack in  -a corrosive environment whx3n in a condition v.bfzLt 

iz characterted b7 a very  fine  precipitate in the grain  
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DIsou.ssion of liecr..z1t..:, T 

bc -unelar ie 

7it was four.d e  tl-int the 3..1.7;cept1t11ity  of  

type c,iloys to interc2,ysta11ine corrosion is purely  the result 

of heat tree.tment anO, may be Caused 'by: 

a) s.'onorrially 	 temperature 
from furn.aca v.nd  •  quencht -ag; 

slow cluenoJ:-.ini:; 	 e...; in ho  pater 	o:11; 

Isehoatin3  the  e5lut1o3-treated 
v";:AC°  F,). 

Unfortmately, each of thee° 1"e7 cters Is  1.1e1r:ro:). to 

prociuctic::..nthods, b) and c) can be avoided, but 	cannot 

...rely eliminated as there Is inevitably>)zrle delay 

:rovinL the metal from tLe furnace to thc. quarkoMmg tan..c,  ?he 

of a hoat-treatment plant must 

permissIte in quench2..ng, f.n orer tilat suitable handl':.7ig 

equipment mi:,7  bc installs, 	inforruation  i  nt  ':,.;zieJr.:7111 

available; however, ac the rAablished wk  ci 11,3rcry279.:..11ne 

corrosion has been mainly  of Ln acadallc  nature, lack -Inc  tLe 

rchitivo practical data necessary for  thc  contrci cf 

neat-treazment ope.ratIonl, 

Prolonged e,posurc 	e  a t  showed that iit ll  cyr., 

which aro susceptible  to intercry2telline 	 be LdeQ.ue...y 

;rot:elated 	 corronive atmDL:phe.y'3 lrà suitable 

treatment, 3uch  as ancdf.c oxidatin 

thor 	 ad tta 

C.  Lrrowsinith 	,,:urray 	'Tho 
? 7 eat-Troatn»zult. 

of Durai.uml.n to Intercrystalline 
vol, 1;3 .  Vc, 18C (Dec., 1D42) .„  L1  12.79-1EtS4, 

et.  , I.„ Logan - " ,...'ffect of Q,uen.chine., :iate cr. 	otbItty 
.;_ntercr -jstalline •:»..-, rrosion  of liea.t-T .r..eate, 	unirm 

national 
101'1), 	---;?".1-.74".7,), 



(Discussion af aesults, cciit'd)  - 

the  quenching rate becos zu- latr with  th o increase of the 

copper content, 

The practical conclusion froil. ths z,bove inftrméitn 

is that the time interval irony the rerluval  of  Uhe matsria 

from the heating bath  or furnar:::.. Until it  is  completely 

immersed in  the quenchin uedim sllould be 	short aa 

possible;  in any event, lu should  no  t exceed c. few seconds, 

Once the materf.al is damaged by intercrystallinc 

corrosion it cannot be reccvred or protecteci.fr flar'7,hsr 

attack,"/  

CONCLUSIONS: 

1 3  intorcrystsliine  corrosion attacl: has pitte:: 

th  s propeller blade, 

2 .  Such interranular  attack  cur as a result of 

non-optimum heat treatmcnt, 	prOper 	ursatzient, 

corrosion occurs as sirple surfacs  pitting,  a. much  less 

serious condition, 

3, Material  3ubject  to •mtergranu1ar 

the most, aorious type oÈ corrosive action, will always 

corrode in  thia fhicxi 	uch  corrosion  is likaày  te occw 

in marine  atmosphere;i  unless  unusual proteotioa  ,,:rccedurei 

are adopted, 

4, The :Lite -ratuz - .:J indl.cates  that  material 3ubjects:3 

to intercrystalline attach pcsibly can be reclaimed by firYt .  

removing the . corrcded areas  ty  filint;  and  subsequently puttin 

heavY protective cover on  the materiAl. 

It is not thought that tLis procedure would be 

a,  3acLa and K, rt,  Van  ilorn, "Practical Meallurgy" -- 
Published by hmer, 3oc, for rtetals, Cleveland, Oh.o, 
1940, Pace 108, u 
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contld) 

adviseble in the present  cas b o  1.111ce safer  practf,cc would 

appoar  to be to scrap  te  rropollars, 

:vary effort zilleulU be made 	oliminate 

1.11elic cùrre-_4sive agent:en s  sudh a3 cIeaning selutione, etc„ 

fcom  the  fabr'icatlôn plent and t;? maintain closor 

311 heat-tl'eament oreratio, 

ooz0000cc0000 
oc000c,.7 

JW114GEL. 


