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Some alarm has been caUeed by the slrperficial corrosion .1 

attack  nhich is occurring in some instances  on  the  surfaces 

of Alclad  sheets In locations  on  aircraft where the sheets  are 

exposed to exhaust gases. Such  sheets  are being replaced under 

the  bellef  that  their  mechanical  properties have been adversely r: 
affected. . , -,: 
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This situation  has  been  brought to the attention of the ~?L 
: 

Almlmm Cclmpany of  America by the operators  concerned ud ha8 i , _  ~ 

been  thoroughly  investigated by that C a p a n y .  Mr. E. H. Mx, 0 Jr.; ~ i .  

Chief Metallurgist of the Alumhm Research  Laboratories of the 

Alnmdmrm Company of America has pointed out  that If #e nature ~X 

of  the  protection  afforded by $he dudnun coating on the strong . , 
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almimm alloy Alclad  sheet  were f u l l y  understood,  it nuuld be 

readily appreciated  that  the  mechanical strength of the Alclad 

sheet has not been  harmed by this mild  surface  attack. 

In order to ful ly  acquaint the  Inspection personnel of the 

Cipil Aeronautics  Authority and the Fnepection and malnteaance 

personnel of the  operators  wlth  the  nature of-thls corrosion and 

the nature of the  protection  afforded by the aluminum coating on 

Alclad  sheet, Mr. Dlx mas asked to mite a  description of these 

#mxmma. He ccsnplled nlth  this  request and his description  meets 
nlth the gpproval of the E$vlsion  of &fillurgy of the lsstiollel 

wlreau of standards. 
u o a g  



It is the  purpose-of this Note t o  pubUah Itr. Dlr's 
dls*sion of these phenolnena for the information of a l l  . o m  

cernba', En plrbllSMng this infoma%&?, -ye@, *+re is no 

i n t e d i o n  bo infbr that the matt& o$ cbrrosion, e p ~ n  the  .super- 

ficial   corrosion discussed herein,  should be trkted lightly. 

The intention is rather to throw more l i gh t  on the  subject of 

superficial  corrosion  attack on the  surfaces of Blclad  sheets 

so that it may be more fully understood. Remedial measures 

should be sought wherever there we evidences of this superficial 

attack and, in cases ahere there is doubt as to &ether or not 

the mchanical  properties of the  sheets i n  question have been 

adverse4 affected,  the  sheets 

Mscuasion (E. H. W, Jr,b 
The Alclad  sheet used for 

a heat treated strong alurdmm 

.I 

aircraft  structures  consista of 

alloy  base  with smooth, dense non- 
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porous surface layers of pure aluminum of uniform thickness alloyed . ! , .  , -  

an8 integal  lrith  the  core. The pure aluminum surface layers on 
! '  

. p '  
c' 

Alclad 1-T or Alclad 24S-T sheet a r e  effective a8 a corrosion . , ..~. 

preventative  for two reasons. First, the  high  purity al- 

a l l o y  coating i n  i t s e l f  possesses a high  resistance t o  corrosion. 

Second, this coating  electrolytically  protects  the  core s o  th& 

no corrosion of the  core occurs even though the  coating is cm- 

pletely removed from fa i r ly   l a rge  areas, sometimes as gmat a8 

one inch in diameter. 
Zl82# 
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Thie electrolytic  protection perhaps a h d d  be further 

explained. men two ~ISSU metals are in e l e c t r i d  aoa- 

t a c t  in e carrodlng  solution  current mill flow from one, 

through the solution, t o  the other,  the  circtdt be- campletad 

through an external metallic  contact. This i s  the  basic prin- 

ciple of electric  batteries.  The metal a a c h  the current 

flw is known aa  the nanoden snd that t& whlch the current 

flw is the "cathode". The anode tends to  dissolve in the 

, ,  

solution  but any dlssolrltion of the cathode i s  preTented bp the 

flow of current. In the case of the Alclad cambination, the pure 

aluminum coating h c t i o n a   a s   t h e  anode and If  the core is 836 

posed a t  any spot in   the presence of a  corroding  solution  tiny 

m e n t s  flow from the pure alumlmm coathg  &g the exposed core 

areas, thua prevent- any corrosion  attack of the core. As an 

-le, cut edges of Alclad plate 1/4" thick have been protected 

from corrosion during nine pars exposure t o  contirmoua salt 

spray in a laboratory  salt spray t es t .  

Consideration should now be glven to   the metallurgical &t.ils 

of the Alclad product. Eg. 1 illuetrates schematically  the o r o m  

section of e piece of Alclad  sheet showing o n l y  one surface. 

During heat treatment  the alloylng elements fiam the  core d i f f u a  

into the coatiag, forming wh& is known as a diffusion sone. 

Thus, 88 corrosion  proceeds from the  surface of the  sheet jxmrd, 
three zones of different  solution  potential are encountered. %st, 

the pure aluminum coating, which electrolytically protectir bath 
dI01P 
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the diffusion  zone a d  core;  second, the diffusion zone, 

which electrolytically  protects the core, and f q ,  the 

core. Thas, under very severe corrosive  conditions the 
,~ 2 

corrosion takes the  form  shown In Fig. 2. The toothdike 
j .  

appearance of a corroded  cross  section  is  typic& Looking !i' 

d a m  upon  the sbface of the corroded  sheet the corrosion . ,.[ .!>? 3. 
'$i 

attpak, which appears  tooth-llke in cross  section, has the 
- 9  

.? ~. 

appepranca of hills and valleys. (Fig. 3) 
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Therefore, if the surface of a  piece of Alclad  sheet which . .  . ..'F 

v 

has been subjected to corrosive  conditions is axamined lrlth a 

harpd leme of  about 1OX magnification  these hills and Weye 

may be readily distinguished  providing  corrosion has proceeded 

to the &ent s h m  by Fig. 2. Such an appearance M c a t e s  

that corros$on has proceeded only to the diffusion sone d 

that the Alclad prhciple is functioning In  electrolytically 

protecting the core. Of course, the attack may,not have proceeded : . .,# i 
2 

far enough to, give this hill and valley effect  but then 1% should .> $ 
-2 

be very evident  that the corrosion is superficial. 
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So far rn have discumed theoretical  considerations oply. - 5  
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Fig. 4 (Nag. 20n6C) s h m  the  surface  (photographed  actual  size) 

of a piece of  Alclad 24s-T sheet  whlch was taken  from a location 

Fn a plane  subjected to exhaust fumes, after 7600 hours o f  service. 

pis. 5 (Beg. 20801) shom a cross  section  through  this piece of 

sheet and reveals the extent  of the  surface corrosion. The Wh- 
like ap&apce of the  surface coat* remainFng is typical of . ,;g 
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of s d c e .  m e  sheet mrs replaced becaum it m a  faprd that 

destructive corrosion had ocovrred .  pie. 7 (Neg. 2 l 7 3 5 A )  (M- 

sise) ahom a typical spotted  condition oh the Alclad  aurfrce 

areas. Rg. 8 (Weg. Pn6) 'at 1OOX pictures a aroma section 

throngh sheet ah- t h i a  surface corrosion and :@ Illtuitratc 

lng typlcal Alclad  protect$on of 'the core and dlfhion sane. 

In pig, 6 there will be noted  a number of a- G 3 . T . Y .  

telieiotl specimena indicated on the several sheets, some df W a e  
z ,oat  

.' , , 
~~ : 



- 6 -  

taken through areas shorlng  the  most severe sorface oorrosi~ 

and others in locationa where  there I s  no visible surface 

attack. The results of ten~1011 tests on s p e c k p  the frill 

t b l c ~ e s s ' o f  the sheets taken frosa these  locations follow: 

Speoimen Tensile Strength Yield Strength  Elongation 
, v a r k e d ,  L.. usi L 

Teats of Sheet No. 31089 - tNckpess 0.027*- 

Smoimens from Uncorroded Areas 

47,600 17.5 
47,800 18.0 

Ava16l,73O 47,700 17 -8 

S v e c l m w  from Areas Sholrlns Surface Co1~08iOn 

U o m - 3  61,620 48,m 17.5 
4 61,910 48,w 18.0 

Aw.61,765 48,200 17.8 

-5 62,ZlO 
-6 62,430 

48, &x 
49 100 

16.5 
16.5 

Ave.62,320 48,950 16.5 

Tests  of  Sheet No. 34090 - thickpeas O . W n  

Suecbep.9 from Uncorroded Areas 

-1 62,890 48,500 17.0 
-2 62,500 48,200 18.0 

Ave.62,695 48,350  17.5 

Smclu,ens fra Areas. S h e  Surface Corrosion 

3-3 61,030 46,500  17.0 
4 60,590 4 6 J W  19 .o 

Bve.b0,8lO 46,250 16.0 

61,690 46, M)o 19.0 

Ave.61,655 46,100 19 .o 

-5 
-6 

61,620 46,200 19.0 

m o a t  
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Specimen Tensile  Strength Yield  Strength $Longation 
Marked mi Rai L 

Tests of Sheet No. 3,092 - thickness 0 . W  

Bmcimens from Uncorroded Arw 

3 m - 1  65,460 
-2 65,100 

97,100 
56,600 

13.5 
14.0 

Am.65,280 56,850 13.8 

wna from Areas Shcrrinn Sarfece  Corrosion 

-3 65,770 .56,800 , 14.0 
4 65,QO 56,100 14.0 

Ave.65,590  56,450 i4.0 

-5 
-6 

65,590 57,200 13.5 
64,240 56,100 13 .O 

Ave.64,915  56,650 13 e 3  

(-ical Test No. Ogo13W. Sept. I, 1938) 
j, , . ~  

5~8, 
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From these  data it rill be noted that the mechanical prop  
i. 

i 
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ertiea are typical of Alclad 24S-T, wlth the exception of sped ..g $ 

mna taken Srm sheet 34092, llhich ahow high tensile and field '% : 

strengths, with a corresponding  decrease i n  elongation, which l a  

typical of the  effect of cold work af ter  heat treatment. The c m  

B.rison between the properties, of specimens taken from the co&d- . ii 
2 

4 
ed areas and those frm corresponding  uncorroded ar-8 of each 'c 

sheet shom no significant char& in properties and provea conclu- 
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s i w 4  that the  superficial corrosive attack, 88 L b a t r a t e d  by 

these samples, has not ,affepted the  imchmical s&ength of the 

ahwt. 
. l l02U 
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more thorough  inspection  should be recanrmended. 



Pure Alminum 

D i f f u s i o n  Zone 

Fig.  1 
Schematic c ros s  s e c t i o n  of 
Alc lad  24s-T sheet. 

Fig. 2 
Schemat i c   c ros s   s ec t ion  showing 
c o r r o s i o n   a t t a c k   e x t e n d i n g  t o  t h e  
d i f fus ion   zone .  

A7 51 



Fig. 3 
Schematic block diagram showing appearance of 
h i l l  and valley c o r r o s i o n  on s u r f a c e  of Alclad 
24s-T s h e e t .  



Fig. 4 Actual s i z e .  
This photo raph shows the  s t a ined  and  roughened  appearance 
of t he  Alc f ad 24s-T sample from the  cen te r   s ec t ion  o f  a 
plane. The s t a i n i n g  was l a rge ly  superf ic ia l   because most 
of it could be removed by cleaning. 



Surface 

Fig. 5 Mag. l O O X  Etch: HP-HCl-HN03 
This micro raph shows a complete  cross  section 
of t he  Alc f ad 24s-T shee t  from the   cen ter   sec t ion  
o f  a plane. The surface of the  Alclad  sheet  
which was ex osed t o  t h e  ac t ion  o f  the  exhaust  
gases is  a t  {he top  o f  t h e  micrograph. The 
rou  henin  of  the surface was t h e   r e s u l t  of 
p i t  E & .  ing t t was conf ined   en t i r e ly   t o   t he  high 
puri ty   coat ing  layer .  The p i t t i n g  extended 
approximately half  way through  the  coating. 





Fig. 7 
This  shows the   cha rac t e r i s t i c   appea rance  of t he  
surface of the   Alc lad  24S-T sk in   cover ing  i n  an 
a rea  which  had  corroded  from  ex  osure  to  exhaust 
fumes and moisture. Ac ! ua l  size. 

Mag. l O O X  

Etch: 
HF-HCl-HN03 

Fig. 8 
This  shows a f u l l   c r o s s   s e c t i o n   t h r o u g h  a corroded 

o r t i o n  o f  t h e   s h e e t   s i m i l a r   t o   t h a t  shown i n  Fig. 7. 
!he co r ros ion   a t t ack  was l i m i t e d  t o  t h e   h i g h   p u n t  
coa t ing   and   d id   no t   pene t ra te   the   d i f fus ion  zone,  ?he 
peaks   In   the   coa t ing   represent  areas where t h e   d i f f u s i o n  
along the   r a in   boundar l e s   i n   t he   coa t ing  was greater  
t h a n   t h a t  f hrough  the  boundary  of  the  grain. 


