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1. SCOPE 

1 .I Scope. This s p e c i f l c a t l o n  covers the requirements f o r  s i x  types and 
two classes of e l e c t r o l y t i c a l l y  formed anodlc coatings on aluminum and 
aluminum a l l o y s  f o r  non-archi tectura l  appl icat ions (see 6 . 1 ) .  

1.2 C lass i f i ca t i on .  The anodic coat ing Types and Classes covered by t h i s  
s p e c i f i c a t i o n  are as spec i f i ed  here in  (see 6.2 and 6.21):  

1.2.1 Types 

Type L - Chromic a c i d  anodizing, conventional coat ings produced from 
chromic a c i d  bath (see 3.4.1) 

Type I B  - Chromic a c i d  anodizing, low voltage process, 22 2 2 V ,  
(see 3 . 4 . 1 )  

Type I C  - Non-chromic ac id  anodizing, f o r  use as a non-chromate 
a l t e r n a t i v e  f o r  Type I and I B  coat ings (see 3.4.1 and 6 . 1 . 2 )  

Type I1 - S u l f u r i c  a c i d  anodizing, conventional coat ings produced from 
s u l f u r i c  a c i d  bath ( see  3.4.2) 

Type I I B  - Thin s u l f u r i c  ac id  anodizing, f o r  use as a non-chromate 
a l t e r n a t i v e  f o r  Type I and IB coat ings (see 3.4.2 and 6.1.2) 

Type 111 - Hard Anodic Coatings (see 3 . 4 . 3 )  

1.2.2 Classes. 

Class 1 - Non-dyed (see 3.5.) 
Class 2 - Dyed (see 3.6.) 

Bene f i c i a l  comments (recommendations, addl t ions, de le t i ons )  and any 
p e r t i n e n t  da ta  which may be o f  use i n  Improving t h i s  document should be 
addressed to :  Comnandi ng O f f  I cer , Naval A i r  Warfare Center A1 r c r a f  t 
D i v i s i o n  Lakehurst, Code SR3, Lakehurst, NJ 08733-5100, by us ing the 
self-addressed Standardi z a t i o n  Document Improvement Proposal (DO Form 1426) 
appearinq a t  t h e  end o f  t h i s  document o r  b y  l e t t e r .  
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2 .  APPLICABLE DOCUMENTS 

2.1 G O V & ~ G &  documents. 

2.1.1 ~ p e i i - f l  c a t i o n s  and standards. The f o l  lowing spec i f i ca t i ' ons  and 
standards form a . p a r t  o f  t h i s  document t o  the ex ten t  spec i f i ed  here in .  Unless 
otherwise s p e c i f i e d ,  the  issues of these documents a re  those 1 i s t e d  i n  t he  
1 ssue o f  the  Department o f  Defense Index of Spec i f i ca t i ons  and Standards 
(DODISS) and supplement there to ,  c i  ted i n  the sol i c i  t a t i o n .  

SPECIFICATIONS . . . &  , 2. :, . .  . . 

M I  L-P-23377 - Primer Coat i  ng , Epoxy-Pol yami de, Cherni ca l  and Sol ven t  
Resi s t a n t  

MIL-C-81706 -. Chemi ca l  Conversion Mater ia l  s f o r  Coati ng Alumi num and 
A1 umi num A1 1 oys 

M I L - P - ~ s ~ ~ ~  - Primer Coatings: Epoxy, Waterborne 
- %, 

FEDERAL 
,. . - . < ~ ~ . r = ~ -  -, .' . 

QQ-A--2'5014 - - ~ l u m i  num A1 l o y  2024, p l a t e  and Sheet 

STANDARDS 

FEDERAL > , -  

FED-STD-141. - - Pa in t ,  Varnish, Lacquer, and Related Ma te r i a l s :  Methods 
a 

' For Sampling and Testing 
FED-STD-151 - Metal s ;  Test Methods 

MILITARY 

MIL-STD-105 - Sampling Procedures and Tables For I nspec t i on  By A t t r i b u t e  

(Unless o therw i  se i nd i ca ted ,  copi es of federal and m i  1 i t a r y  s p e c i f i c a t i o n s  and 
standards a r e  ava i  1 ab le  f rom DODSSP-Customer Servi  ce, Standardi z a t i o n  Documents 
Order Desk, 700 Robbins Avenue, Bui l d i n g  4D, Phi ladelph ia ,  PA 191 11-5094.) 

2.2 Non-Government pub1 1 c a t  ions.  The f o l  lowi  ng documents fo rm a p a r t  o f  
t h i  s document t o  the  ex ten t  spec i f i ed  herein. Unless otherwise spec i f i ed ,  the 
issues o f  t h e  documents which are DO0 adopted are those li sted i n  the  issue o f  
the DODISS c i t e d  i n  the  sol i c i  t a t i o n .  Unless otherwise spec i f i ed ,  t h e  i ssues 
o f  documents n o t  1 i s t e d  i n  t he  DODISS are the issues o f  the documents c i t e d  i n  
the s o l i c i t a t i o n  (see 6.2) .  

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM B 117 - Method o f  S a l t  Spray (Fog) Test ing 
ANSIlASTM B 137 - Weight o f  Coating on Anodica l ly  Coated Aluminum, 

Measurement o f  
ASTM B 244 - Thickness o f  Anodic Coatings on Aluminum and. o f  Other 

Nonconducti ve Coatings on Nonmagneti c Basi s Metal  s 
w i  t h  Eddy Currefit  Instruments, Measurement o f  

ASTM D 822 - ~i gh t  and Water Exposure Apparatus (Carbon-Arc Type) 
f o r  Tes t ing  Paint, Varnish, Lacquer and Related 
Products,  Standard P rac t i  ce f o r  Operat i  ng 



ASTM D 2244 - Color Differences o f  Opaque Materials, Instrumental 
Evaluation of 

# ASTM G 23 - Standard Practice for Operating Light Exposure Apparatus 
(Carbon-Arc Type) With and Without Water for Exposure of 
Non-metallic Materials 

ASTM G 26 - Operating Light-Exposure Apparatus (X  non-Arc Type) With 
and Without Water for Exposure of Non-metallic materials 

(Application for copies should be addressed to the Amerlcan Soclety for 
Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.) 

2.3 Order o f  precedence. In the event of a conflict between the text of. 
this document and the references cited herein, the text of thls document takes 
precedence. Nothi ng in thi s document, however, supersedes appl i cable laws and 
regulations unless a specific exemption has been obtained. 

3. REQUIREMENTS 

3.1 Materials. The materlals used shall be such as to produce coatings 
whi ch meet the requirements o f  this specification. 

3.1.1 Base metal . The base metal shall be free from surface defects, 
caused by machining, cutting, scratching, polishing, buffing, roughening, 
bending, stretching, deforming, rolling, sandblasting, vaporblasting, etching, 
heat treatment condition, alloy chemistry imbalance and inclusions, that will 
cause coated test panel s or parts to fat 1 any o f  the requirements of thi s 
specification. The base metal shall be subjected to cleaning, etching, 
anodizing and seal ing procedures as necessary t o  yield coatings meeting a1 1 
requirements o f  this specification. 

3.2 E q u l ~ m e n t  and processes. The equipment and processes employed shall 
be such as to produce coatings which meet the requirements of this 
specification.. Unless otherwise specified in the contract, purchase order or 
applicable drawing (see 6 .21 ,  process operating conditions shall be at the 
optlon of the supplier. 

3.3 General. 

3.3.1 Anodizing of parts and assemblies. 

3.3.1.1 Anodizinq o f  parts. Unless otherwise specified in the contract, 
purchase order o r  applicable drawlng (see 6 . 2 1 ,  parts shall be anodized after 
a1 1 heat treatment, machi ni ng, weld1 ng, forming and perforating have been 
completed. 

3.3.1.2 Anodizing o f  assemblies. Unless otherwise specified in the 
contract. purchase order or applicable drawing, anodic coatings shall not be 
appl led to. assembl ies whi ch wi 1 1  entrap the electrolyte 1 n joints or recesses 
(components shall be anodlzed separately prior to assembly). When anodi z l  ng 
of assemblies is authorized by the contract, purchase order o r  appl icable 
drawl ng, the processing method used shall not resui t in subsequent damage to 
the assembly from electrolyte entrapment (Type I or IA coatings shall be used 
unless another coating Type is specified). Assemblies which contain 
non-aluminum parts such as steel, brass or organic substances, which would be 
attacked by pretreatment or anodizing solutions or would prevent uniform 
formation o f  the anodlc coating, shall not be anodized as assemblies, unless 
the non-aluminum surfaces are masked or electrically insulated In a manner 
whi ch produces anodic coatings meeting the requirements of thi s specif lcatlon. 



3.3.1.2 Anodizing of complex shapes. When anodizing complex shapes which 
will entrap the electrolyte in recesses, the processing method used shall not 
result in subsequent damage to the part from electrolyte entrapment (Type- I or 
IA coatings shall be used unless another coating Type I s  speclfled). 

3.3.2 Handlinq and c.lean.inq. Parts shall be so handled during all 
~retreatments. anodl zina and ~ o s t  treatments that mechanical damage or 
contaminatlon'will be aioided: Parts shall be free of all foreign substances, 
oxldes and soils, such as greases, oil, paint and welding flux. Parts shall 
have oxide and other interfering f i  lms removed by the use of proper cleaning 
procedures so as to be clean and have water break free surfaces. Abrasives 
containing iron, such as steel wool, iron oxide rouge and steel wire, which 
may become embedded in the metal and accelerate corrosi.on of alurnlnum and 
alum1 num a1 loys, are prohibited as a means of  mechanical cleaning, prlor to 
anodizing. If special cleaning requirements are required they shall be 
specified in the contract o r  purchase order (see 6.2). 

3.3.3 Reflective surfaces. Nhen specified in the contract or purchase 
order (see 6.2), parts fabricated to produce a highly reflective surface shall 
be chemical ly or electrochemi cal ly brightened, prior to anodic coating (see 
6.9). 

3.3.4 Touch up (mechanical damaqe and contact marks). Unless otherwi se 
specified (see 6.2). mechanically damaged areas from which the anodic 'coating 
has been removed without damage to the-part may be touched up using chemical 
conversion materials approved o n  QPL-81706 for Class 1A coatings and the 
applicable method of application. Touch up shall apply only to .inadvertent 
mechanical damage such as scratch marks. For Type I 1 1  coatings, touch up  
shall only be allowed in areas which wi 1 1  not be subjected to abrasion (see 
6.1.1). ?he mechanically damaged area(s) shall not exceed 5 percent o f  the 
total anodized area of the i tern o r  touch up shall not be permitted. Nhen 
specified in the contract o r  purchase order (see 6 . 2 1 ,  contact marks shall be 
touched up  using the above method required for mechanical damage. 

3.4 Coatings. Conventional anodic coatings as specified in the contract, 
purchase order or applicable drawings (see 6.21, shall be prepared by any 
process or operation to produce the specified coating on aluminum and aluminum 
a1 loys. 

3.4.1 Type I, IB., and IC coatinqs. Type I and I6 coatings shall be the 
result o f  treating aluminum and aluminum a1 loys electrolytical Ty in a bath . 
containing chromic acid to produce a uniform anodic coating on the metal 
surface. Type IC coatings shall be the result of treating aluminum and 
aluminum a1 loys electrolytlcal ly in a bath containing mineral or mixed 
mineral /organi c acids (non-chromi c acid) to produce a uniform anodic coating 
on the metal surface. Unless otherwise specified in the contract, purchase 
order or appl i cable drawi ng, Type I coatings shall not be appl ied to a1 uminum 
alloys with a nominal copper content i n  excess of 5.0 percent; nominal silicon 
contents in excess of 7.0 percent; or when the total.allowable contents o f  
nomi nal a1 loyi ng elements exceed 7.5 percent. Heat treatable a1 loys whi ch are 
to receive a Type I, IB, or IC coating shall be in the required temper 
obtained by heat treatment, such as -T4, 4 6 ,  or T73, prior t o  anodizing. 

3.4.1 . I  Type IC coati nqs. Type IC coati ngs provide a non-chromate 
alternative to Type I and IB coatings. Unless approved by the procuring 
activity, substitution of a Type IC coating where Type I or I0 is specifled 
shall be prohibited. 



3.4.2 Type I1 and 110 coatlnqs. Type I1 and IIB coatings shall be the 
result o f  treatinq alumlnum and aluminum alloys electrolytically in a bath 
containing sulfuric acid to produce a uniform-anodic coating on-the metal 
surface. Heat treatable a1 loys shall be in the required temper obtained by 
heat treatment, such as 4 4 ,  -T6, or 173, prior to anodizing. 

3.4.2.1 Type IIB coatinqs. Type IIB coatings provide a non-chromate 
a1 ternatlve to Type I and IB coatings. Unless approved by the procuring 
activity, substitution of a Type IIB coating where Type I or I 0  is specifled 
shall be prohibited. 

3.4.3 Type I11 coatinqs. Type I11 coatings shall be the result o f  
treating a1 uminum and aluminum a1 loys electrolyti cal ly to produce a uniform 
anodic coating on the metal surface. Type I11 coatings shall be prepared by 
any process operation to produce a heavy dense coating of specified thickness 
on aluminum alloys (see 3.7.2.1). Unless otherwise specified in the contract, 
purchase order or applicable drawing, Type I11 coatings shall not be applied 
to alumlnum alloys with a nominal copper content in excess o f  5 percent or a 
nominal silicon content in excess of 8.0 percent. Alloys with a nominal 
si 1 icon content higher than 8.0 percent may be anodized subject to approval of 
the procuring activity. Heat treatable alloys shall be in a temper obtained 
by heat treatment, such as -T4, -T6, or T73,  prior to anodizing. 

3.5 Class 1 .  When class 1 is specified in the contract or purchase order, 
(see 6.21, the anodic coatinq shall not be dyed or pigmented. Any natural 
coloration resulting from an6di c treatment w; th the- various a1 loy- compositions 
shall not be considered coloration. The characteri sti c color imparted by the 
sealing process shall also be considered as non-dyed. 

3.6 Class 2. When class 2 is specified in the contract or purchase order 
(see 6.21, the anodic coating shall be uniformly dyed or pigmented by exposure 
to a solution o f  a suitable type dye or stain. The color on wrought alloys 
shall be uniform. Cast alloys may exhibit dye bleed-out or lack o f  color (or 
color uniformity) assocfated with the inherent porosity of the casting. The 
dyes and pigments used shall not be damaging to the anodic coatings. 

3.6.1 Dye color. When dyed or pigmented coatings are required, the color 
and color uniformity requirements shall be as specified on the contract, 
purchase order o r  applicable drawing (see 6.2). 

3.6.1.1 Casting alloys. Dyed casting alloys may show a slight lack of 
color uniformity. The degree o f  non-uniformi t y  that i s  acceptable shall be 
establ i shed by ihe  procuring activi ty (see 6.2). 

3.7 B e t a i  1 requirements. 

3.7.1 Types I, ' 1 0 ,  K ,  11, and IIB coatinqs. 

3.7.1.1 Weight  of coating. Prior to dyeing or sealing, Type I, IB, IC, 
11, and IIB coatings shall meet the coating weight requirements of Table I 
when tested in accordance with 4.5.2 (see 6.10.6). 



TABLE I. Types I. 16.  I C .  11, and IIB unsealed anodic coa t ing  welqhts.  

Coat1 ng Type Coating Weight (rng/ft2) 

I n  the-con t rac t  or purchase order  (see 6.1.2 and 6.2).  

I 

3.7.1.2 Corrosion res is tance.  A f t e r  exposure t o  the s a l t  spray t e s t  
spec i f i ed  i n  4.5.3,  specimens sha l l  be v isua l  l y  examined t o  determine t h a t  a1 1 

I and I0 
IC 11 
I I 
I I6 

o f  the  fol- lowing condi t ions are met: 

a. Test specimens sha l l  show no more than a t o t a l  o f  15 i s o l a t e d  p i t s  
(see 6.19). none l a rge r  than 0.031 inch i n  diameter, i n  a t o t a l  o f  150 
square inches of t e s t  area grouped from f i v e  o r  more t e s t  pieces. Areas 
w i t h i n  0.062 inch from i d e n t i f i c a t i o n  markings, edges and e lec t rode  contact  
marks remaining a f t e r  processing sha l l  be excluded. 

200 minimum 
200 minimum - 700 maximum 

1000 minimum 
200 mlnimum - 1000 maximum 

b. Test specimens sha l l  show no more than 5 i so la ted  p i t s ,  none l a r g e r  
than 0.031 inch i n  diameter, i n  a t o t a l  o f  30 square inches f rom one o r  
more t e s t  pieces. Areas w i t h i n  0.062 inch  f rom i d e n t i f i c a t i o n  markings, 
edges and e lect rode contact  marks remaining a f t e r  processi ng s h a l l  be 
excluded. /- .i 

j 

I - Coating weights over 700 mg/f t2 may be used if spec i f i ed  

c.  I n  addi t i o n  t o  the requirements i n  (a) and (b) above, Type I and IB 
t e s t  specimens sha l l  not  e x h i b i t  patchy dark gray areas (spots ,  s t reaks,  
or marks). 

3.7.1.3 L i g h t  fastness res is tance.  Class 2, dyed anodic coat ings,  s h a l l  
show no more f ad ing  o r  d i sco lo ra t i on  than would be equivalent to a D e l t a  (El 
value o f  3 when subjected to the l i g h t  fastness res is tance t e s t  (see 4 . 5 . 4 1 ,  
unless otherwlse spec i f ied  i n  the con t rac t  o r  purchase order (see 6 . 2 ) .  L i g h t  
fastness res is tance  sha l l  be determined on l y  when spec i f ied  i n  the  con t rac t ,  
purchase o rde r  o r  appl {cab le  drawing (see 6.2). 

3.7.1.4 Pai n t  adhesion. When tes ted  i n  accordance w i  t h  4.5.6, no 
i n te rcoa t  seoarat ion sha l l  occur between the p a i n t  system and the anodic 
coa t ing  o r  between the anodic coat ing and the-base metal. Pa in t  adhesion 
s h a l l  be determined o n l y  when spec i f ied  i n  the con t rac t ,  purchase order  or 
app l i cab le  drawing (see 6.2). 

3.7.2 Type 111 coatinqs. 

3 . 7 . 2 . 1  Thickness o f  coa t i  nq. Unless otherwise spec i f ied  i n  t he  con t rac t ,  
purchase order ,  or appl icable drawing (see 6.21, the nominal thickness o f  the 
coa t i ng  sha l l  be 0.002 inch ( 2  m i l s )  (see 6.16, 6.17 and 6.10 through 6.10.5). 
Unless otherwise spec i f ied ,  the thickness o f  t he  coat ing sha l l  n o t  vary  by 
more than i 20 percent f o r  coat ings up t o  0.002 inches t h i ck  ( 2  m i l s )  when 
t e s t e d  i n  accordance w i t h  4.5.1. Coat in is  over 0.002 inches (2 m i  1s) sha l l  
n o t  vary  by more than 1 0.0004 inches (0.4 m i  1 s) i n  thickness. A t y p i  ca l  Type 
I11 coat ing.  thickness range i s  sho n i n  Table IV. 



3.7.2.1 .I Weight o f  coat ing.  The coa t ing  welght may be determined i n  l i e u  
of  the coa t ing  th ickness (see 3.7.2.11, a t  the  o p t i o n  o f  the procuring 
a c t i v i t y .  unsealed Type 111 coatings s h a l l  have a minimum coat lng  welght o f  
4320 m i  1 l lgrams per square foot for every 0.001 i nch  o f  coa t ing  when tes ted  i n  
accordance w i t h  4 .5 .2  (see 6 . 2 ) .  

3.7.2.2 Abrasion r e s l  stance. When tes ted  l n accordance w i  t h  4.5.5, 
unsealed Type I11 c o a t i n  s s h a l l  provide a hard abras ion r e s i s t a n t  f i n i s h  as 
spec i f i ed  h e r e i n  (see 6. i71. m he-anodic coa t i ng  s h a l l  have a maximum wear 
index of 3.5 mgllOO0 cyc les on aluminum a l l o y s  hav ing a copper content  o f  2 
percent  o r  h igher  (see 6.13). The wear index for a1 1 o ther  a l l o y s  s h a l l  n o t  
exceed 1.5 mg/1000 cyc les.  

3.8 Seal ing.  

3.8.1 Types I, I B ,  I C ,  11, and IIB. A l l  Types I ,  IB, I C ,  11, and I 1 8  
anodic coat ings s h a l l  be completely sealed, unless otherwise spec i f i ed  i n  the 
con t rac t ,  purchase order  o r  appl icable drawlng (see 6.2). 7hey s h a l l  be 
sealed i n  accordance w i t h  3.8.1.1 or 3.8.1.2 as app l i cab le .  I f  we t t i ng  agents 
are used they s h a l l  be of the non-ionic type. 

3.8.1.1 Class 1 .  When class 1 i s  spec i f i ed ,  sea l i ng  sha l l  be .  
accompl i shed by i mmersion i n  a seal ing medium such as a 5 percent aqueous 
s o l u t i o n  o f  sodium o r  potassium dlchromate (pH 5.0 t o  6.0) f o r  I 5  minutes a t  
90•‹C t o  100•‹C (194•‹F t o  212'F), i n  b o i l i n g  deion ized water, coba l t  o r  n i c k e l  
acetate,  o r  o t h e r  s u i t a b l e  chemical sol u t i ons  (see 6.15). 

3.8.1.2 Class 2.  When c lass 2 i s  spec i f i ed ,  sea l i ng  sha l l  be accomplished 
a f t e r  dyeing by immersion i n  a seal ing medium, such as a ho t  aqueous s o l u t i o n  
con ta in i ng  0.5 percent  n i c k e l  o r  cobal t  acetate (pH 5.5 t o  5.8), b o i l i n g  
deion ized-water ,  duplex seal i n g  w i th  ho t  aqueous s o l u t i o n s  o f  n i cke l  acetate 
and sodium d i  chromate (see 6.111, o r  o the r  s u i t a b l e  chemical so lu t ions .  

3.8.2 Type 111. Type I 1 1  coatings s h a l l  no t  be sealed where the main 
f unc t i on  o f  a p p l i c a t i o n  i s  t o  obta in  the maximum degree o f  abrasion o r  wear 
res  i stance. Where Type I11 coatings are used f o r  e x t e r i o r  non-ma1 n t a i  ned 
appl i c a t  ions r e q u i r i n g  cor ros ion  r e s i  stance bu t  permi tti ng reduced abras ion 

m c e ,  t h e  c o n t r a c t  o r  purchase order  s h a l l  spec i f y  t ha t  seal l ng  i s  
requ i red .  Seal i n g  f o r  such Type I11 coat ings s h a l l  be accomplished by 
immersion i n  a medium, such as b o i l i n g  deion ized water,  i n  a hot aqueous 5 
percent  sodium dichromate so lu t ion ,  i n  a ho t  aqueous s o l u t i o n  con ta in ing  
n i c k e l  or c o b a l t  ace ta te  o r  other s u i t a b l e  chemical so lu t ions  (see 6 .2) .  When 
Type I I I  coat ings  a re  provided unsealed, p a r t s  s h a l l  be thoroughly r i nsed  i n  
co ld ,  c l ean  water  and d r i e d  a f t e r  anodizing. 

3 .9  Dimensions o f  coated a r t i c l e s .  A r t i c l e s  o r  p a r t s  sha l l  comply w i t h  
the dimensional requirements o f  the a p p l i c a b l e  drawings a f t e r  app l i ca t i on  o f  
the anodic c o a t i n g  '(see 6.10.1).  or in te r fe rence  i n  close f i t s  o f  pa r t s  or 
assemblies see 6.10.5). 

3.10 Toxi c i t y .  The coat ings and e l  ec t r i ca l / chemica l  processes used t o  
d e v e l o ~  these anodic coat ings shal l  have no adverse e f f e c t  on the hea l th  o f  
personnel when used for t h e r r  intended purposes. Quest ions pe r t i nen t  t o  t h i  s 
e f fec t  s h a l l  be r e f e r r e d  by the con t rac t i ng  a c t i v i t y  t o  the appropr ia te 
departmental  medica l  serv ice  who w i  11 a c t  as an adv isor  t o  the con t rac t i ng  
agency. 



3.11 . Paintinglcoatlnp. Paintl ngkoati ng operations shall be performed as 
soon as practical after the anodizing process on clean coatings. If parts 
require storage prlor to palntinglcoating, they shall be stored in a manner 
that wi 11 avoid contaminatton. If the parts become contaminated, they shall 
be cleaned in a manner that will not be detrimental to the anodic coating or 
the base metal (see 6.3) . 

3.12 Dyeing or colorlnq. Anodic coatings shall not be allowed to dry 
before d y e h g  or coloring. Items t o  be dyed or colored should be preferably 
coated by the Type I1 anodizing treatment (see 6.12). Dyed or colored 
coatings shall not be a1 lowed to rernai n in rinse waters for more than 5 
minutes before seal i ng. 

3.13 Workmanshie. Except for touch up areas in accordance with 3 .3 .4  and 
as noted below. the a m l i e d  anodic coating shall be continuous, smooth, 
adherent, uniform in appearance, free from powdery areas, loose fi lms, breaks, 
scratches and other defects which wi 1 1  reduce the serviceabi 1 i ty of anodlzed 
parts or assembl ies. Di fferences in anodi c coati ng appearance resul ti ng from 
inherent base metal differences in a component such as the presence of welds, 
components contalni ng cast and machi ned surfaces, and differences in grain 
size within a forging shall not be cause to reject the anodic coating unless 
otherwi sed specified in the contract or purchase order (see 6.2). Slight 
discoloration from dripping or rundown o f  the sealing solution from designed 
crevi ces in a component shall be a1 lowed. 

3.13.1 Contact marks. The size and number of contact marks shall be at a 
minimum consjstent with good practice (see 6.14). If a specific location for 
contact marks is desired, the location shall be specified on the contract or 
purchase order (see 6.2). 

4. QUALITY ASSURANCE PROVISIONS 

4.1 Responsibil ity for inspection. Unless otherwise specified in the 
contract or ~urchase order, the contractor i s responsi ble for the performance 
of a1 1 inspektion requirements (examinations and tests) as specifl ed herein. 
Except as otherwise specified in the contract or purchase order, the 
contractor may use hi s own or any other faci 1 1  ties sui tab1 e for the 
performance of the inspectlon requi rements spec1 f ied here! n ,  unless 
dtsapproved by the Government. The Government reserves the right to perform 
any o f  the inspections set forth 1 n the specification where such inspections 
are deemed necessary to ensure supplies and services conform to prescribed 
requi rements. 

4.1 . I  Responsibility for compl iance. A1 1 Items must meet a1 1 requirements 
of Section 3. The ins~ection set forth In this specification shall become a 
part of the contractor's overall inspection system or qua1 i ty program. The 
absence of any inspection requirements in the specification shall not re1 ieve 
the contractor of the responsibi 1 i ty of ensuring that all products or suppl les 
submi tted to the Government for acceptance comply with a1 1 requirements o f  the 
con'tract. Sampling inspection, as part of manufacturing operations, i s  an 
acceptable practice to ascertain conformance to requirements , however, thi s 
does not authorize sub-mi sston of known defective material, either indicated or 
actual, nor does it commit the Government to acceptance of defective material. 

4.2 Classiflcation of  inspection. The inspectlon requirements specified 
herein are classified as follo 



a. Process control inspectlon (see 4.3). 
b. Quality conformance inspectlon (see 4.4). 

4.3 Process control insgection. 

4.3.1 Process control document (PCD). The anodi zer shall develop, 
maintain, and adhere t o  a PC0 descri bing the anodizing process and procedures 
used to meet the requirements of this specification. As a minimum, the  PCD 
shall describe the following: 

-All steps in the processing sequence. 
-Ranges f o r  immersion time and temperature for each step in the process. 
-Chemical constl tuents used and a1 lowable solution control ranges to be 
used for solution analysts (see 4.3.2) for each step i n  the process. 

-Ranges f o r  temperature, current density and anodizing time (or vol tage 
ramps and hold times) as applied t o  individual a1 loys or alloy series. 

4.3.2 Solution analysis. Solution analysis shall be performed on all the 
processing solutions in the anodizing line to determine if the solution 
controls are within the acceptable ranges established in the PCD (see 4.3.1). 
Solution analysis shall be performed at least once every two weeks unless 
otherwi se specified by the procuring activity. The processor shall mai ntai n a 
record o f  the history of each processing bath, showing all chemicals o r  
treatment solutions added to the baths and the results o f  a1 1 chemical 
analysi s performed. Upon request o f  the procuring activi ty, such records, as 
we1 1 as reports of the test results, shall be made available. These records 
shall be maintained for not less than one year after completion of the 
contract o r  purchase order. 

4.3.3 Process control tests. To assure continuous control o f  the process, 
specimens shall be tested in accordance with Table 11. Process control tests 
are conducted t o  determine conformance o f  the anodic coatings with the 
requirements o f  this specification and are acceptable as evidence of the 
properties being obtained with the equipment and procedures employed. 

4.3.3.1 Frequency of the process control tests. Process control tests 
shall be conducted at least once every month. In addition, the intervals 
between each monthly test shall not exceed 35 days. If production in 
accordance with this specification is not performed for a period o f  one month 
or longer, process control tests shall be conducted at the start o f  production. 

TABLE 11. Process control tests. 

Number of 
specimens Test 

Coating 

Appl i cab1 e 

weight- 
Coating 

. . 
Type 

I ,  18, I C , I I , I I B  

thickness 
Corrosion 

to be tested 
3 

111 11 
I11 11 

resi stance 
L i g h t  

I Paragraph 
S ~ e c i m e n  I I Test 

3 

I. IB, IC, 11, IIB 

fastness 
Abrasion 
resi stance 

5 

I. IB, IC, 11, 110 

I I 

may be chosen in lieu of the 
ocuring activity (see 3.7.2.1 .I). 

I '  Preparation 
4.3.3.2.1 

(mi nimuml 
3 

For Type 111 coatings, the coating weigh 
coating thickness at the option o f  the p 

Class 2 only 
I11 2 

Requi rement 
3.7.1.1 

Method 
4.5.2 



4.3.3.2 Process control test specimens. Production parts shall be used 
for Process control inspection ~ r o v i d e d  they can be adapted t o  the applicable 
test: If the product lo^ parts can not be adapted to a barticular t e s t ,  test 
panels shall be used. At the option .of the supplier, test panels shall be 

i,,('+ * * - *  ; I; 
composed o f  el ther 2024-T3 per QQ-A-250/4 o r  the a1 loy representlng the 
largest percent of work anodized during the monthly process control period. 
Whenever possible, the specimen panels shall be anodized with an actual 
production run. Add1 tional detai 1s for the specimen panels shall be as 
specifled i n  4.3.3.2.1 through 4.3.3.2.4. 

4.3.3.2.1 Test s ~ e c i m e n s  for coating weight. Coating weight shall be 
determined o n  undyed and unsealed production parts o r  specimen panels (see 
4.3.3.2). When specimen-panels are used, they shall have a minimum width of  3 
Inches, a minimum length of 3 inches, and a minimum nominal thickness o f  0.032 
inches. 

4.3.3.2.2 Test specimens for coating thi c h e s s .  Coating thickness shall 
be determined on Type I11 production parts o r  speclmen panels (see 4.3.3.2). 
When specimen paneis are used, they shall have a minimum width o f  3 inches, a 
minimum length o f  3 inches, and a minimum nominal thickness of 0.032 inches. 

4 . 3 . 3 . 2 . 3  Test specimens for corrosion and light fastness resistance. 
Corrosion resistance shall be determined o n  dyed (Class 2 only) and sealed 
production parts o r  specimen panels (see 4.3.3.2). Light fastness testing is 
performed only o n  dyed (Class 2)  coatings and only when specified (see 6.2). 
When specimen panels are used, they shall have a minimum width of 3 inches, a 
minimum length o f  10 inches, and a minimum nominal thickness of 0.032 inches. 

4.3.3.2.4 Test specimens for abrasion resistance. Abrasion resi stance (- 
shall be determined o n  Type I11 production parts or specimen panels (see 
4 . 3 . 3 . 2 ) .  When specimen-panels $re used, they shall have a width of 4 inches, 
a length o f  4 inches, and a minimum nominal thickness of 0.063 inches. 

4.3.4 Failure. Failure to conform t o  any o f  the process control 
requirements specified i n  Table I1 shall result in fmnediate halt o f  
production. The reason for failure shall be determined and corrected before 
production resumes. A1 1 traceable work from the time the failed process 
control specimens were anodized to the time when production was halted shall 
be rejected unless otherwise specified by the contracting off! cer. Traceable . 

work shall be defined as a1 1 work in which the locatlon is know. Process 
control testing shall be performed at the start of production. 

4.4 Quality conformance ( i e .  lot acceptance) inspection. Qua1 i ty 
conformance i n s ~ e c t i o n  shall consist o f  vi sual (see 4.4.2.1) and dimensional 
(see 4.4.2.2) examinations (see 6.2.1). When specified in the contract o r  
purchase order (see 6.2), qua1 i ty conformance inspection shall a1 so include 
paint adhesion testing in accordance w i t h  4.5.6. 

4.4.1 Lot. A lot shall consist o f  all items o f  the same part number 
anodized i n  the same tank using the same process and o f  the same coating type 
and class offered for acceptance at one time. In addition, the lot size shall 
not exceed the number o f  items processed in one shift. 



4.4.2 Sampl inq f o r  v i sua l  and dimensional examinations. Samples f o r  
v i  sual and dimensional examinations (see 4.4.2.1 and 4.4.2.2) sha l l  be 
selected from each l o t  of anodized pa r t s  i n  accordance w i  t h  the prov i  s ions of 
MIL-STD-105, Inspect ion Level 11. The acceptance c r i t e r i a  sha l l  be as 
spect f ted i n  the cont rac t  o r  purchase order (see 6.2 and 6.20). I f  no 
acceptance c r i t e r i a  i s  speci f ied,  the c r i t e r i a  g iven i n  6.20 sha l l  be used. 

i 

4.4.2.1 Visual exami nat ion. Samples selected i n  accordance w i  t h  4.4.2 
sha l l  be insoected and v isua l  ly examined f o r  compl lance w i t h  3.13 a f t e r  
anodizing, seal ing and dyeing ( i f  appl icable) .  

4.4.2.2 Dimensional examhation. Samples, selected i n  accordance w i t h  
4.4.2. s h a l l  be dimensional l y  i n s ~ e c t e d  f o r  compl lance w i  t h  3.9, unless 
otherwise speci f ied by the p;ocuring a c t i v i t y  (see 6.10.5). 

4.4.3 Sampl i ng  for p a i n t  adhesion tes t in •÷ .  When the  p a i n t  adhesion t e s t  
i s  spec i f i ed  (see 4 . 4 ) ,  two t e s t  panels sha l l  be tes ted  i n  accordance w i t h  
4.5.6 t o  determine conformance to-3.7.1.4. The t e s t  panels sha l l  be 3 inches 
i n  w id th  by 10 inches i n  length w i t h  a minimum nominal thickness o f  0.032 
inches. Unless otherwise spec i f ied ,  the t e s t  panels s h a l l  be composed of 
e i t h e r  202443 per QQ-A-250/4 o r  the predominant a1 l o y  i n  the  l o t  from which 
the p a i n t  adhesion t e s t  i s  requi red t o  be performed. Unless another p a i n t  
system i s  spec i f i ed  (see 6.21, the p a i n t  system i n  4.4.3.1 sha l l  be appl'ied t o  
the anodized panels. 

4.4.3.1 Preparat ion o f  pa in t  adhesion specimens. Specimen panels (see 
4.4.3) s h a l l  be f i n i s h e d  w i th  one coat o f  an epoxy-polyamide primer conforming 
t o  e i t h e r  MIL-P-23377 (Class 1 o r  2) o r  ~11-~-85582, i n  e i t h e r  case the 

? pr imer s h a l l  be app l ied  t o  a dry f i l m  thickness o f  0.0006 t o  0.0009 inch (0.6 
t o  0.9 m i l )  and d r i e d  i n  accordance w i th  the app l i cab le  primer s p e c i f l c a t l o n  
before t e s t i n g  i n  accordance w i th  4.5.6. 

4.4.4 Fai l u r e .  Fa i l u re  t o  conform t o  any o f  the  qua1 i t y  conformance 
requirements sha l l  r e s u l t  i n  r e j e c t l o n  o f  the represented l o t .  

4.5 Test methods- 

4.5.1 Anodlc coat inq  thickness. Test specimens prepared i n  accordance 
w i t h  4.3.3.2.2. s h a l l  be tested f o r  anodic coat ing  thickness i n  accordance 
w i t h  ASTM I3 244, Method 520 or Method 520.1 o f  FED-STD-151 t o  determine 
conformance t o  the requirements o f  3.7.2.1. I f  e i t h e r  ASTM B 244 or Method 
520 o f  FED-STD-151 i s  used, the thickness sha l l  be computed as the average o f  
not  l ess  than e i g h t  measurements. I n  case o f  d ispute ,  anodic coat ing thickness 
shall. be determined by measurement o f  a perpendicular cross sect ion o f  the 
anodi zed specimen us1 ng a metal lographi  c microscope w i  t h  a ca l  i brated 
eyepi ece. 

4.5.2 Anodic coat inq  weight. Test specimens prepared i n  accordance w i t h  
4.3.3.2.1 shall be tested f o r  anodic coat ing weight e i t h e r  i n  accordance w i th  
ANSIlASTM B 137, o r  the  method spec i f i ed  i n  4.5.2.1. Type I ,  IB, IC, 11, and 
I I B  coat ings  s h a l l  be tested f o r  conformance w i t h  the  requirements o f  
3.7.1.1. I f  t h e  procur ing a c t i v i t y  chooses to have coat ing weight tested i n  
l i e u  o f  the  coa t i ng  thickness f o r  Type I11 hard anodized coatings, i t s h a l l  be 
tes ted  f o r  conformance w i t h  3.7.2.1 .I. 



4.5.2.1 Method. Anodic coat lng weight determinations sha l l  be 
accompl l shed i n  the fol low1 ng manner: 

a. Test spe'cirnens shal l  b e  weighed immediately a f t e r  anodizing, prior t o  
dye! ng or seal 1 ng. An i n a l y t l  cal  balance o r  other  instrument sensl t i  ve t o  
a t  l eas t  10 percent of the ne t  Anodic coat ing weight on t e s t  specimen 
sha l l  be used. Specimens sha l l  be cleaned and d r i e d  f o r  a minimum o f  30 
minutes a t  93'2 6'C (200•‹+ 10•‹F) and allowed to  cool t o  room temperature 
before weighing. , 

b. . Immedlately a f t e r  weighing, the t e s t  specimens sha l l  be str ipped by 
immersion i n  a phosphoric-chromic a c i d  so lu t i on  f o r  a minimum o f  5 
mlnutes, (not  t o  exceed 6 minutes), a t  100•‹+ 6•‹C (212'2 104F). The 
so lu t l on  sha l l  consis t  o f  the fo l low ing:  

Phosphoric acid, 85 percent 
Chrorni c ac id  (CrO3) 
Water to make 

35 m i l l i l i t e r s  
20 grams 
1,000 mi  11 i 1 i ters  

c .  The t e s t  specimens shal l  be removed from the so lu t ion ,  washed i n  
d i s t i l l e d  water, dried, and weighed. The 5-minute exposure shal l  be 
repeated u n t i  1 the coat ing i s  completely removed, which i s  indicated by 
the  specimen's weight remaining constant. The s t r i p p i n g  solut ion s h a l l  be 
d l  scarded a f t e r  1-1 i t e r  o f  the s o l u t i o n  has d i  ssolved 5 grams o f  the 
anodic coat ing. 

d. A f t e r  f i n a l  weighing, the t o t a l  surface area o f  the t e s t  specimen 
sha l l  be accurately determined. 

e. The u n i t  f i l m  weight sha l l  be determined by subtract ing the weight i n  
mi l l ig rams o f  the str ipped specimen from i t s  weight i n  mil l igrams p r i o r  t o  
s t r i p p i n g  and d i v id ing  by the surface area expressed i n  square f e e t .  

4.5.3 Corrosion resistance. 

4.5.3.7 Method. Test specimens, prepared i n  accordance with 4.3.3.2.3, 
sha l l  be washed i n  d i s t i l l e d  o r  deionized water, d r i ed  w i th  a so f t  c l o th  and 
then subjected t o  a 5 percent s a l t  spray t e s t  i n  accordance with ASTM B 117, 
except t ha t  the s i g n i f i c a n t  surface sha l l  be i n c l i n e d  6 degrees from the 
v e r t i c a l  . Specimens shal l  be exposed f o r  336 hours. A f t e r  exposure, specimens 
sha l l  be examined t o  determine compl iance w i th  3.7.1.2. 

4.5.4 L I  ght fastness resistance .(Class 2 on ly ) .  Test specimens, prepared 
i n  accordance w i th  4.3.3.2.3, sha l l  be tested f o r  l i g h t  fastness res is tance by 
exposure t o  u l t r a v i o l e t  rad ia t ion  i n  accordance w i t h  e i  ther  ASTM G 23, ASTM D 
822 o r  ASTM G 26, f o r  a period of  200 hours, except t h a t  the specimens w i l l  be 
exposed cont inuously t o  l i g h t  w i  thout water spray. A f t e r  exposure, specimens 
sha l l  be compared w l t h  dupl icate specimens not  exposed to  a l i g h t  source f o r  
the same per iod  of time t o  determine the De l ta  (E )  value i n  accordance w i t h  
ASTM 0 2244. The Del ta ( E l  value shal l  be used t o  determine conformance w i t h  
3.7.1.3. 



4 . 5 . 5  Abrasion res i s tance .  Test specimens, prepared i n  accordance w l t h  
4 . 3 . 3 . 2 . 4 ,  s h a l l  be t e s t e d  i n  accordance w i t h  Method 6192.1 o f  FED-STD-141 
us ing  CS-17 bheels w l t h  a 1000 gram load. The wheels s h a l l  r evo l ve  on the 
anodic coa t l ng  a t  a speed o f  70 revo lu t i ons  per minute (RPM) f o r  10,000 
cyc les .  The abras ion  wheels sha l l  be re faced  a t  l e a s t  once every  10,000 
cyc les.  The wear index s h a l l  be determined a f t e r  t h e  10,000 c y c l e  pe r i od  by 
d i v i d i n g  t h e  we lgh t  l oss  by 10. The wear index s h a l l  meet t h e  requirements o f  
3.7.2.2. 

4.5.6 P a i n t  adhesion t e s t .  When s p e c i f i e d  (see 4 - 4 1 ,  specimen panels 
prepared i n  accordance w i t h  4 .4 .3  s h a l l  be t es ted  f o r  wet tape adhesion. The 
t e s t  s h a l l  be conducted as described i n  method 6301 of FED-ST04 41 t o  
determine conformance w i t h  paragraph 3.7.1.4. 

5. PACKAGING (Not  app l i cab le  t o  t h i s  s p e c i f i c a t i o n )  

6. NOTES (Th i s  s e c t i o n  contains in fo rmat ion  o f  a general  o r  exp lanatory  
na tu re  t h a t  may be h e l p f u l  but  i s  n o t  mandatory) 

6.1 In tended use. The coatings covered i n  t h i s  document a re  intended t o  
y l p v i  de c o r r o s i o n  r e s i  stance, improved p a i n t  adhesion and abras ion  r e s i  stance 
as spec i f i ed  i n  6.1.1 through 6.1.3. Th is  document i s  n o t  in tended t o  
s u f f i c i e n t l y  cover anodic coat ings f o r  use i n  s t r u c t u r a l  adhesive bonding. 

6.1 .I Types I, I B  and 11. The convent ional  Types I, IB and I1 anodic 
c o a t i  ngs a re  in tended t o  improve sur face co r ros ion  p r o t e c t i o n  under severe 
se rv i ce  c o n d i t i o n s  o r  as a base f o r  p a i n t  systems. Anodic coa t ings  can be 

i t h  a l a r g e  v a r i  t y  o f  dyes and pigments. Types I, IB and I1 
coa t ings  p r o v i d e  b e t t e r  corros ion p r o t e c t i o n  a t  h ighe r  c o s t  than the chemical 
convers ion systems. Repair  o f  mechanical ly damaged areas by the  use of 
m a t e r i a l  s conforming t o  MIL-C-81706 (see 3 . 3 . 4 )  w i  11 n o t  r e s t o r e  abrasion 
r e s i  stance b u t  w i  11 p rov ide  an e f f e c t i v e  means o f  rees tab l  i sh i  ng cor ros ion  
res i s tance .  Where anodic coatings are requ i red  on f a t i g u e  c r i t i c a l  
components, Type I and IB coatings (see 6.1 .2)  a re  used due t o  the thinness o f  
t he  c o a t i n g  (see 6.10.7). 

6.1.2 Type I C  and I I B .  Type IC and IIB coat ings p rov ide  non-chromate 
a l t e r n a t i v e s  to  Type I and I B  coat ings where co r ros ion  res i s tance ,  p a i n t  
adhesion, and fat;$ue res is tance  i s  ;equired. Please no te  t h a t  Type I C  o r  IIB 
may n o t  serve as s u i t a b l e  replacements when the e f f e c t s  o f  e l e c t r o l y t e  
entrapment i s t h e  p r ima ry  concern (see 3.3.1.2 and 3.3.1.3). Maximum Type IC 
and Type 11% c o a t i n g  weights o f  700 rng l f t2  and 1000 mg / f t 2 ,  r espec t i ve l y ,  a re  
spec i f i ed  i n  Table I f o r  f a t i g u e  purposes (see 6.10.7) .  I f  h ighe r  Type IC 
c o a t i n g  weights  a r e  permiss ib le  f o r  the intended u s e ,  i t  should be spec i f i ed  
i n  the c o n t r a c t  o r  purchase order (see 6.2).  If h ighe r  Type IIB coat ing 
weights  a re  p e r m i s s i b l e  f o r  the intended use, Type I1 should be speci f ied. 

6.1.3 Type 111. Type I11 coat ings a re  intended t o  p rov ide  wear and 
abras ion  r e s i  s t a n t  .surfaces w i t h  improved cor ros ion  p r o t e c t i o n  due t o  greater  
th ickness  and we igh t  than the convent ional  anodic coa t i ngs .  Seal ing o f  Type 
111 coa t i ngs  i s  n o t  recommended unless cor ros ion  resistance i s  a l so  a f a c t o r .  
Wear r e s i s t a n c e  i s  reduced by seal ing.  Anodic coa t ings  form an exce l l en t  base 
for  most types o f  p a i n t  systems, adhesives and d r y  f i l m  l u b r i c a n t s .  Hard 
coa t ings  may reduce f a t i g u e  s t rength.  These f a c t o r s  should be considered i n  
proposed use o f  p a r t s  subjected t o  c y c l i c  loads. General l y ,  these. hard 
coa t ings  shou ld  not be used on pa r t s  o r  po r t i ons  o f  p a r t s  which normally 
d u r i n g  rework would r e q u i r e  r e s t o r i n g  o f  dimensional to le rances  because o f  
wear o f  hard  coa ted  sur faces.  



6.1.3.1 App l l ca t lons .  Type I11 coat ings are used i n  such applications as rl. 
valves, s l i d i n g  pa r t s ,  hinge mechanisms, cams, gears, swive l  j o i n t s ,  p i s t o n s ,  
r ocke t  nozzf es, I n s u l a t i o n  p la tes ,  b l a s t  sh ie lds ,  e t c .  ( 

6.2 Acquisition requirements. A c q u i s i t i o n  documents should spec i f y  the 
f o l  low! ng: 

a. T i t l e ,  number and date o f  t h i s  s p e c i f i c a t i o n .  
b. Type of anodic coat ing (see 1 . 2 . 1 ) .  
c. Class o f  anodic coat ing (see 1 .2 .2 ) .  
d. Special  process opera t ing  condi t ions,  i f  app l i cab le  (see 3.2). 
e.  Special  c leaning and f a b r i c a t i o n  requir.ements (see 3.3.1, 3.3.2, 

and 3.3.3). 
f. I f  coa t i ng  weight f o r  Type I C  can exceed the maximum spec i f i ed  i n  

Table I. 
g. Color  and un i f o rm i t y  o f  Class 2  coat ings, i f  app l i cab le  (see 3.6.1 

and 3.12). 
h. Degree of non-uni formity o f  dyed cas t ing  a l l o y s  (see 3.6.1.1). 
1 .  L i g h t  fastness res is tance,  i f  app l i cab le ,  and a D e l t a  E value i f  

d i f f e r e n t  than 3 (see 3.7.1 . 3 ) .  
j. Type I11 coat ing th ickness,  i f  app l i cab le  (see 3.7.2.1). 
k. Coat ing weight f o r  th ickness,  Type 111, i f  s u b s t i t u t e d  

(see 3.7.2.1.1). 
1. Special  sea l ing requirements (see 3.8). 
rn. When appl icab le,  the a l lowab le  d i f f e rence  i n  anodic coa t ing  

appearance r e s u l t i n g  f rom inherent  base metal d i f f e rences  
/-. . (see 3.13). I* 

n. Provide the spec i f i c  l o c a t i o n  o f  contact marks i f  impor tant  t o  the 
f u n c t i o n  of the p a r t  (see 3.13.1 and 6.14). 

o. Acceptance c r i t e r i a  f o r  qual i t y  conformance inspec t ions  (see 
4.4 .2  and 6.20). 

p .  I f  p a i n t  adhesion t e s t i n g  i s  r equ i red  f o r  qual i t y  conformance 
t e s t i n g  (see 4 . 4 )  and t h e  requ i red  p a i n t  system ( i f  d i f f e r e n t  than 
t h a t  i n  4 . 4 . 3 . 1 ) .  

6.2.1 Considerat ion o f  data requ i  rernents. The fol l ow ing  data requirements 
should be considered when t h i s  s p e c i f i c a t i o n  i s  app l ied  on a con t rac t .  The 
a p p l i c a b l e  Data I tem ~ e s c r i p t f o n '  (DID) should be reviewed i n  conjunct ion w i  t h  
the s p e c i f i c  a c q u i s i t i o n  t o  ensure t h a t  o n l y  essen t ia l  data are 
reques ted lp rov i  ded and t h a t  the DID i s t a i  l o red  t o  r e f l e c t  the  requirements o f  
the s p e c i f i c  a c q u i s i t i o n .  To ensure co r rec t  con t rac tua l  appl i c a t i o n  o f  the 
da ta  requi rements,  a Contract  Data Requirements L i s t  (DO Form 1423) must be 
prepared t o  o b t a i n  the data, except where DO0 FAR Supplement 27-4.75-1 exempts 
the requirement f o r  a DO Form 1423. 

Suggested 
Reference Para. D I D  Number D I D  T i t l e  Tai lo r inq  

4.4 DI-NOTI-80809A TEST1 INSPECTION REPORTS 10.2.7.1 

The above D I D  as c leared a s  of the date of t h i s  spec i f i ca t i on .  The cu r ren t  
i s s u e  o f  DO0 5010.12-L, Acqui s i  t i o n  Management Systems and Data .Requirements 

. 
Con t ro l  L i s t  (AMSDL) , must be researched' t o  ensure that  o n l y  cur ren t ,  c leared 
DID'S are c i t e d  on the DO Form 1423. 



6.2.2 Exceptions to drawings for types I, 10, IC, 11, and IIB coatfnqs. 
When the anodic coating type is not specified on the drawing, Type I, 10, IC, 
11, or  IIB may be furnlshed wlthin the limits o f  this speclflcation, at the 
option of the contractor. When the coating class is not specified on the I' 

drawing, either Class 1 or Class 2 may be supplied wlthin the llmlts of this 
specification, at the option of the contractor. 

6.3 Paintlnglcoatinq. When anodic coatings are required to be 
paintedlcoated, the parts should b dried and painted as promptly as possible, 
during which time, exposure to contamination should be kept to a minimum. 
Prior to painting o r  coating anodized parts. wlping, buffing or mechanical 
operations should be kept to a minimum. Thfs may damage the less dense 
outside layer of the anodic coating making i t  susceptible to subsequent 
adhesf on fai lures. Seal ing processes can have a significant effect on 
adheslon of primers and other polymeric materials to the anodfzed surface as 
we1 1 as the cohesive strength of the anodized layer. If these factors are 
Important to the appl !cation, such as subsequent painting o.perations, specific 
details for (or the omission of) the sealing process should be specified in 
the contract or purchase order. 

6.4 Electrolytic action. Severe attack by the electrolyte on castings or 
welds may be occasioned ei ther by unsound castings, improper weldi ng practi ce, 
a difference in composition between the weld and the base metal or, . 

particularly in the case o f  the sulfuric acid process, the retention o f  the 
solution in cracks, crevices, or irregular surfaces. Severe attack by the 
electrolyte may also be caused by contaminants in the electrolyte, 
particularly chlorides or by improper racking of the parts. 

6.5 Anodizing rate. Aluminum and aluminum a1 loys may be conveniently 
? grouped by anodizing rate, especially in the case of the chromic acid process 

(Type I )  for conventional coatings. However, either the chromic (Type I )  or 
the sulfuric acid process (Type 11) will anodize mixed loads satisfactori ly, 
depend1 ng upon local processing preference. Suppl lers are cautioned that, 
especially in the sulfuric acid process, the anodizing time will have to be 
sufficiently long t o  assure that the slower anodizing alloys have at least a 
minimum coating thickness. In some cases, this may result in improper 
coatings on the fast anodizing a1 loys. 

6.6 Color match. FED-STD-595 may be used as a guide for specifying color 
of anodic coatings. The color standards In FED-STD-595 are intended for paint. 
finishes and should be used for approximate comparison only with the anodic 
coatings (see 6.2). 

6.7 Lappinp. The Type I11 anodic coatings generally have increased 
surface roughness as we1 1 as having the property o f  being less dense on the 
top surface than in the core of the coati ng toward the base metal . Such 
coatings may be processed oversized and then lapped or honed down to the final 
desired dimension. 

6.8 Coating baths. For information, it should be noted that processes 
prov idi ng other coating el ectrolytes for the conventional coatings may be 
aqueous solutions containing oxalic acid, boric acid plus amnonium borate and 
ni tr ides. There are proprietary processes requi rl ng coating electrolytes, 
other than sulfuric acid, for the Type I11 coatlngs; for example, the various 



Alumi l i  t e s ,  the Martln. Hard Coat, the Sanford, the Hardas and others. One o f  
the Alum! 1 i te processes requires an aqueous sol ut,lon containing both sulfuric p, 

. ..;<f .' A, 
and oxal i c  acids for the bath. Other baths used less frequently and for 'i' 

special purposes employ sulfosal 1 cyl ic, sulfami c or sulfophthal i c acid 
solutions. 

6.9 Chemical brightening and polishing. Chemical brightening can be 
benef icial by i m ~rovi nq the appearance and corros ion resi stance. In smooth1 ng 
the metallic-surface by removing certain contaminants and in enhancing the 

- 

continuity of the anodic coatings o n  alumi'nurn alloys (see 3.3.3). The 
percentage of  ref lectlvi ty obtained from a part whi ch has been electrol yti cal ly 
brightened and subsequently anodized wi 1 1  depend on the a1 loy and the coating 
thickness. Certain alloys are more capable o f  obtaining a highly brightened 
surface and thicker anodic coatings wi 1 1  reduce reflectivity. 

6.10 Desiqn information. 

6.10.1 Surface dimension of parts. On specifying t h e  thickness o f  
coatings, especially for the Type I11 coatings, allowance must be made for 
dimensional increase. Both a machining dimension and a coated dimension should 
be placed o n  applicable drawings. An increase in dimension, equal t o  one half 
of the thickness o f  the applied coating, can be expected for each surface 
coated due t o  surface growth. For example, for a 0.004 inch ( 4  mi 1s)  coating 
on close tolerance parts, a pre-machining a1 lowance of  0.002 inch ( 2  mi 1 s) per 
surface must be made prior to hard coating. If close fits are specified in 
design drawings, buildup in thickness caused by anodic coatings, especially 
Type 111, may resul t in interference on assembly. ,,----. , 

I ,  ' 
6.10.1.1 Holes. In the case of  small holes and tapped holes, coating 

thickness can vary from no fi lm to a full normal coating. Holes, both tapped 
and not tapped, over 114 inch should be anodfzed. Parts with Type I1 
coatings, external or internal, with a total tolerance of 0.0004 inch or less, 
if lapped, honed or stoned to size after anodizing, should be subsequently 
treated with QPL-81706 materials to provide surface protection. Discoloration 
on the surface that has been sized i s  acceptable (see 6.6). The designer is 
cautioned t o  require adequate thread and hol e seal i ng operations in subsequent 
~ s s e m b l i e s  as may be required t o  produce the necessary corrosion resistance. 

6.10.2 Thread dimensions. A1 1 anodic coatings uill affect thread 
dimensions for external and internal threads; the major and minor diameter 
will be increased 2 times the amount of growth (see 6.10.1 1. The pitch 
diameter for threads having an included angle of 60" will increase 4 times the 
amount of growth. For threads having an included angle, other than 60•‹, the 
pitch diameter i l l  increase 2 tfmes the amount of growth (see 6.10.1) divided 
by the sine of 112 the included angle. 

6.10.3 Fabrication. Successful use of anodic coatings, especial ly  the 
hard Type III ,  depends on proper product deslgn. Because o f  the manner o f  ' 
formation, ariodic coatings will develop voids at sharp corners and edges. 
Sharp edges and corners are difficult t o  anodize satisfactorily and i n  general 
should be avoided. All edges and inside corners should be radiused prior t o  
anodizing. Chamfering should not be used unless resulting sharp edges are 
radi used. In general , to avold any uncoated edges or i nsi de corners, the 
pferclng and blanking operations should comply i th  the radl i of curvature for 
nominal coating thicknesses as in Table 111. 



TABLE 111. Radfl o f  curvature for nominal coatlnq thickness. 

6.10.4 Coating thickness. Thickness o f  the heavy Type 111 coatfng can be 
control led t o  extreme1 Y close tolerances. Anodized coating can be obtained 

Nominal coating thickness, inch 
0.001 _, 
0.002 
0.003 
0.004 

with tolerances of  as jittle as 2 0.0001 inch (0.1 mi 1 ) .  With all anodizing 
processes used primarily for engineering rather than for decorative purposes, 
a number of highly specialized techniques are used for operation control. One 

t may be employed is to carefully measure the coated part while 
still wet and replace it in the bath for a fixed period of treatment. 
Calculations based upon a calculated rate o f  coating per unit o f  processing 
time may be used as the basis for determining the exact duration of processing 
required f o r  the specific a1 loy bei ng coated. 

Radius o f  curvature (edge and inside corner) 
9 approximately 1 /32 inch 

approximately 1/16 inch 
approximately 3/32 inch 
approximately 1/8 Inch 

6.10.5 Coating dimensions. Table IV gives typical thickness ranges o f  
anodic coatinas that can be a m l i e d  'on aluminum and aluminum a1 loys. A1 1 
anodic coatings are harder than the substrate material. If interference is 
required for assembly, and is accomplished by force fitting, Type I, 16, IC, 
110, and some Type I1 coatings are too thin and too brittle to withstand 
abrasive damage during such assembly. With Type I11 coatings assembly may be 
accompl i shed by grinding, 1 appi ng o r  otherwi se removing the surplus coati ng. 
All anodic coatings are brittle and may crack and spa11 due to force fittings. 

TABLE IV. Thickness ranqes o f  anodic coatings on aluminum and aluminum alloys. 

6.10.6 Coatinq thickness. Table V gives typical minimum thicknesses in 
inches of anodic coatings formed on some wrought and cast a1 loys that could 
comply with the minimum coating weight requirements in accordance with Table I 
for Types I, IA and 11, Class 1 . 

Coati ng Type I I . I B . I C , a n d I i B  

TABLE V. Minimum thickness (typical) in inch o f  anodic coatinqs. 

Thickness ranqe, inch 
0.00002 t o  0.0007 

2024-T4 - 
2024-T6 0.000044 
3003 0.000035 
5052 0.000033 
5056 0.000021 

606 1 -T6 0.000034 
7075-T6 0.000040 

Al cl ad 201 4-T6 0.000045 
Aiclad 7075-T6 

295-T6 
356-T6 
51 4 

0.000041 - 
- 
- 



6.10.7 Effect on fatigue. The fatigue properties o f  aluminum a1 loys can be 
severely reduced by anodic coatings. The amount o f  reductjon varies with the (7 process. A s  a general rule, the thicker the coating the greater the reduction < 
in fatigue will be. 

6.11 Duplex seal inq. The corrosion resi stance o f  dyed parts, especial ly 
those anodlzed in a sulfuric a c i d  bath, Type 11 and IIB, may be enhanced by 
treatment in a sodium dichromate sol utfon ei ther durlng or after conventional 
seal ing with nickel acetate. This treatment can cause slight changes in the 
color of the dye. Paint systems adhere very satisfactorily to duplex sealed 
dyed coatlngs. However, where any objection w i  th such duplex seal ing . 
appl ication is warranted because o f  a firmly desired coloration, the dual 
process for sealing should not be used. 

6.12 Dyeing or colorinq Type I. IB, IC, and 11% coatlngs. Type I, 10, and 
IC coatings have a different pore structure and along with Type IIB coatings 
are thinner than Type I1 coatings which makes them more difficul t to dye. As 
a result, Type I, IB, IC, and IIB black anodized may not readily obtainable. 

6.13 A 1  loys having 2 percent or more copper content. Aluminum a1 loys 
having a nominal copper content o f  2 percent or higher include all 2 x x x  series 
alloys, 7050 and 7178 (see 3.7.2.2). 

6.14 Size o f  contact marks. In order to obtain the desired current 
density without burning the parts, the size or number o f  contact marks.will be 
greatei on parts having higher. surface areas. Because current densi ty  is a 
measure of the required current per square foot of aluminum being anodized, a 
part having twice as much surface area relative to another wi 1 1  require twice l- .! 

as much current. Trying to force the higher currents required for larger 
parts through smaller contact areas sufficient for parts with lower surface 
areas may result in burning. 

6.15 Sealing. The hot deionized water seal is advantages from an 
environmental viewpoint. In addition, The use of a hot deionized water seal 
on Type I and IB coatings yields good corrosion resistance and may eliminate 
the appearance o f  patchy dark gray areas after salt spray exposure (see 6.18 
and 3.7.1.2). 

6.16 Effects on coatinq thickness. ' A hardcoat o f  2 mils or more Is 
extremely dffficult to obtain on high silicone die castings such as 360, 380, 
and 383. It i s  recommended that this be considered when specifying a coating 
thickness for h igh  silicone castings. 

6.17 Effects of Type 111 coating thickness on abrasion resistance. The 
abrasion resistance of Type 111 coatings w i  1 1  decrease as the coating thickness 
approaches 3 mi 1 s. In general, the abrasion resi stance does not i ncrease with 
increasing coating thickness. 

6.18 Corrosion reslstance of Type I and IB coatings. A 1  though pi ttlng may 
not be visualiy evident i th the unaided eye, the appearance of dark gray 
areas on the surface after salt spray exposure i s  an indication of coating 
degradation. 

6.19 Definition of a pit. A pit is defined as an area of localized 
corrosion havi n a depth greater than its width. As a general rule, a p l  t 
usually displays a characteristic tail o r  line (see 3.7.1.2). 



6.20 Acceptance c r i  t e r l a .  Prev lous  rev1  slons o f  t h l  s  document s p e c l f  l e d  
an Acceptable Q u a l i t y  Level (AQL) of  I .  5 percent  de fec t i ve .  

<I 6.21 Supersedure data. Type I, conventional chromic a c l d  anodlzlng, 
referenced throughout t h i s  s p e c l f l c a t i o n  i s  the same as the  Type I A  des igna ted  
i n  t h e  D r e v l s l o n  and the Type I i n  all versions preceding the D r e v i s i o n .  

6.22 Changes from previous Issue.  A s t e r i s k s  are no t  used i n  t h i s  r e v i s i o n  
t o  I d e n t i f y  changes w i t h  respect  to  t h e  p rev ious  Issue due t o  the extens iveness 
o f  t h e  changes. 

Subject  term (key word) I l s t i n q .  

A1 umi nun 
A1 urn1 num a1 loys 
Anodic coat ings 
Anodl zing 
Chromates 
Chromic Ac id  
Po tass i  urn D l  chromate 
Sodi um D i  chromate 
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