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he objective of this program was to develop procedures for t.~e quality control of
anodized surfaces on aluminum alloys prior to bonding. The scanning electron
microscope (SEM) was selected as the inspection instrument, based on previous
experience Un which the value of the SEM for analyth~~iui’faces was demon-
strated . -~Both phosphoric and chromic acid anodizing systems were included in
the initial phases of this program . The character of these anodic surface
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coatings was evaluated on bot h bare and clad 7075-T6 in terms of physical, chemical,
and crystallographic nature. Anodic coatings were found to be composed of a
porous oxide layer of the boehmite or aA 12O~ . 1120 crystallographic form.
Panels anodized on both the PABST (Primary Adhesively Bonded Structures
Technology ) program at McDonnell Douglas and Phase II of “Characterization of
Surface Prior to Adhesive Bonding” at Rockwell Science Center , exhibi~ .d oxide

F coatings of similar character. The dependence of the anodic film character on the
various anodizing parameters was determined for the phosphoric acid anodizing
of bare 7075—T (; . Included in this investigation were anodizing variables such as
voltage, time , bath concentration , pretreatment prior to anodizing, and post-
anodize rinsing. Both thickness and cell s ize of the oxide layer were found to vary
almost linearly with the anodizing voltage and parabolically with anodizing time.
The oxide character was also found to vary with the concentration of the anodizing
bath , with an increase in bath concent ration resulting in increases in both oxide
thickness and cell size. The anodi c surface character determined by SEM
inspection prior to adhesive bonding was correlated with the wedge test durability
behavior of the bonded surface. Based oi t,lii thi s correlation,~acceptance and
rejection criteria were established for phosphoric acid anodized surfaces.~~~ hese
criteria consisted of a set of SEM photomierographs taken at various magnifica-
tions which characterize the oxide thickness , pore size , cell structure, and
uniformity. An anodized surface which matches these photomicrographs is
acceptable for adhesive bonding.
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SUM MAllY

The following are a list of significant results and accomplishments from this
program.

1. The Scanning Electron Microscope (SEM) was shown to be a viable
inspection tool for evaluating the character of a luminum surfaces.

2. Standard SEM photomicrographs were obtained to show the surface
character of 7075—T 6 a luminum after variou s pretreatment process
steps. These standards were u sed for the verification of proper
pretreatment prior to anodizing in this and other programs.

3. The evaluation of surface coatings formed by phosphoric and chromic

acid anodizing of both clad and bare 7075-T6 led to the following
conclusions:

a. In all cases , the anodic coating consists of the boehmite
(oA l 2 O3 1190) crystallographic oxide form.

b. The anodic coatings are nearly contaminant-free but they do contain
some trace alloy ing elements from the base material.

c. Phosphoric acid anodizing of 7075-T6 results in an anodic coating
thickness of about 4000A on the bare alloy and about 7000A on the

clad alloy .

ci. Chrornic acid anodizing of 7075—T 6 results in an anodic coating

thickness of about 20 , 000A on the bare alloy and about 40 , 000A on
the clad alloy .

4. Phosphoric acid anodizing of 7475 results in the formation of an anodic
coating which is very similar to that found on 7075 in terms of physical ,
chemical and crystallographic nature.

5. Phosphoric acid anodizing of bare 70 75-T6 produces an oxide coating that
is reproducible in te rms of physical , chemical , and crystallographic char—

acter. The thickness of this anodic coating was found to be 4lOO A i 400A .

iv
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6 . Coordination of the activities fri the area of anodic f i lm characterization

was conducted between : the PABST (Primary Adhesively Bonded Structures

Technology ) program at McDonnell Douglas , Long Beach; Phase I of

Characterization of &j rfaces Prior to Adhesive Bonding at Northrop

Corporation , Hawthorne; and Phase II of this program at Rockwell

International Science Center , Thousand Oaks. This effort established

baseline anodic surface character resulting from the phosphoric acid

anodizing that was common to all three programs.

7. A dependence of the anodic film character on the variou s anodizing

parameters was demonstrated . These parameters included voltage,

time , bath concentration , specimen pretreatment , and post—anodizing

rinsing.

8. The environmental durability testing program established the relation-

ship between anodic film character and adhesive bond durability . The

major conclusions reached through this effort were:

a. The wedge test durability of bare 7075-T6 anodized in phosphoric

acid is directly dependent upon the thickness , pore size , and cell

structure of the anodic coating.

b. SEM examination of the anodized surfaces prior to bonding can

discriminate between those surfaces that will be acceptable and

unacceptable in terms of wedge test durability .

c. The phosphoric acid anodizing system is very forgiving and rather

gross changes in the anodizing procedure are necessary before the

wedge test durability of the bonded anodic surface will be changed

appreciably .

d. The phosphoric acid electrolyte, with no voltage applied , has sufficient

strength to dissolve a prior anodic coating. Thus, the time interval

between the end of anodizing and the beginning of rinsing is critical

to the retention of a durable anodic coating. This time Interval should

be limited to a maximum of two minutes.

e. Complete omission of the pretreatment process prior to anodizing

did not appreciably affect the wedge test durability of bare 7075—T6

anodized in phosphoric acid. This result was not expected, and

requires additional investigation .

V
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f .  The exposure of phosp ho ric acid anodized specimens to ambient
condi tions for three weeks prior to bonding had no detrimental
effect on the wedge test durability of the bonded surface.

9. 1)et ailed procedures were prepared for performing the quality control
inspection of production panels of bare 7075— i’G alloy anodized in
phosphoric acid.

10. The criteria for evaluating the acceptability of anodic surfaces in terms
of durability were documented. This documentation is in the form of
SEM photomicrograp hs and thickness data for phosphoric acid anodic
coatings exhibiting both acceptable and unacceptable durability .

vi 
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I. INTRODUCTION

Adhesive bonding has shown excellent potential for producing aircraft structures

of improved structural integrity and du rability as well as reduced weight and cost.

Therefore , a great deal of effort has been applied to the development of structural

adhesive bonding. However , the benefits of this technique cannot be fully realized

until  proper quality assurance techniques are developed and implemented for each of

the critical steps of the bonding process.

A major problem area in adhesive bonding is the reliability of the surface

preparation prior to bonding. It has been established that anodizing provides an

excellent surface for adhesive bonding. However , the integrity and durability of a

bonded structure are heavily dependent upon the oxide characteristics such as com-

position , morphology, and thickness. Prior to this program , no procedure had been

developed which would assure that the proper oxide character had been achieved.

The objective of this program was to develop operating procedures for using

the scanning electron microscope (SEM) as a technique for characterizing anodic

coatings and to develop standards for quality control of anodized surfaces prior to

bonding. The selection of the SEM was based upon past experience , which has shown

that this instrument is invaluable for the analysis of surface coatings and is readily

adaptable to monitoring of surface reliability.

The model shown in Figure 1 has been developed to explain the role of the

aluminum/adhesive interface in determining the strength and durability of a bonded

structure~’~. The interfacial region may be divided into four zones. Zones 1 and 4

are presently undefined and contain the complex chemical reaction constituents of

either the adhesive and the oxide layer or the oxide layer and the aluminum substrate .

These zones are important from the standpoint that the chemical reactions in Zone 1

may adversely affect the environmental resistance of the adhesive , and the mechano—

chemical reactions in Zone 4 affect the adhesion of the oxide to the m etal surface.

In Zone 2 , the desired oxide form is aAl 9O3 
. H20 (boehmite), which can be

induced on the surface by specific chemical and/or electrochemical processing such

as anodizing or metalbond FPL etching. The thickness, character , and tenacity of

1
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ADHESIVE

ZONE 1. ADHESIVE-OXIDE INTERACT ION ZONE 1000-5000 A

ZONE ?. 0A I203 . H2O (POROUS OR BARRIER) 0-5000 A

ZONE 3. RESIDUAL OXIDE OR PRE-ANODI ZE CREATED OXIDE 50-1000

~ AI~ O3 3H~O

ZONE 4. MECHANO-CHEMICAL REACTI ON WITH METAL UNDEFINED

ALUMINUM ALLOY

FIGURE 1. IN TE R FA CIAL ZONE MODEL

the oxide in this layer can be controlled by proper processing procedures. The
boehmite oxide layer , when adhesively bonded , forms the highest initial bond strength
and is the most environmentally stable surface coating known at this time.

Zone 3, the third interf acial layer , is the weakest link between the adhesive
and the metal and is characterized mainly as the ~ A12O3 

. 3H 2O (bayerite ) form of
oxide. The weakness in this layer lies in the tendency of the bayerite , which lies
between the metal surface and the boehmite layer , to grow in the presence of mois-
ture and stress , resulting in failure through the oxide. Bayerite forms naturally in a
reaction between aluminum and moisture from ambient conditions to about 150F to
160F , and is normally found on the surfaces of as-received aluminu m sheets. Optimum
bond durability is achieved by reducing the thickness of the bayerite layer to a mini-
mum by chemically deoxidizing the surface prior to anodizing.

This program is concerned with the control and inspection of the oxide character
in Zones 2 and 3. These have the greatest effect on the durability of an adhesive bond.
Based on the above model , the path to the most durable adhesive bond is to reduce the
thickness of the bayerite layer (Zone 3) to less than 100~ and to increase the boehmite
layer (Zone 2) to an optimum thickness for ma~umum bond strength and corrosion
resistance.

Included in the scope of this program were: (1) the physical , chemical , and
crystallographic characterization of anodic film s resulting from phosphoric acid
anodizing of bare 7075—T O , (2) the determination of the effect of sample size on the
nature of the anodic coating, (3) the demonstration of the applicability of SEM inspection
for verifying the reproducibility of the anodic fi lm character , (4) the evaluation of
the effect of variou s anodizing parameters on the character of the resulting anodic

coating, (5) the correlation of environmental durability of a bonded surface with the

2 
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character of the anodized surface determined p rior to bonding, arid (6) the dete rmina-
tion of acceptance and rejec tion criteria for the surface of bare 7075-T6 anodized in
phosphoric acid.

In the first phase of this p rogram procedures were developed for morphological
charac terization of anodic oxide layers resulting from both phosphoric and chromic
acid anodizing of clad and bare (unclad) 7075—T6 aluminum. Included was the deter-
mina tion of oxide thickness , pore size , cell stru cture , chemistry , and crystallographic
character. Physical characterization was performed by examination of the anodic
coating using the SEM. The chemical character of the anodic films was determined
by Auger electron spectroscopy (AES), while the crystallographic nature of the coating
was determined by electron diffraction.

The second phase of the program involved a definitive study on the reproduci-
bili ty of phosphoric acid anodizing of bare 7075-T6 . Numerous repetitive anodizing
runs at standard condition were conducted over a period of approximately nine months.
The cha racter of the resulting anodic coatings was evaluated to determine the repro-
ducibility of the anodizing system and to establish standards for the oxide layer.

The third phase involved coordination of the efforts between: (1) the PABST
(Primary Adhesively Bonded Structures Technology ) Program at Mc Donnell Douglas ,
Long Beach , (2) Phase II of this program being conducted at Rockwell Science Center ,
Thousand Oaks, and (3) Phase I , conducted at North rop. This coordination phase was
conducted to insure a free exchange of ideas , specimens , and data between the three
programs and to insure that the baseline phosphoric acid anodic surfaces formed in
each program were equal in terms of physical , chemical , and crystallographic nature.

The fourth phase correlated the anodic film character with the environmental
behavior of the bonded anodic surface. Wedge tests were conducted on bonded panels
made with bare 7075-T6 sheets that were anodized in phosphoric acid with various
conditions to produce a variety of anodic film characteristics. The durability of
these panels was then correlated with the anodic film character determined by SEM
inspection prior to bonding to establish the characteristics of ariodic surfaces that
either do or do not result in a durable adhesive bond.

The fifth phase of this program dealt with the preparation of a standard operating
procedure for using the SEM/Mini-SEM for quality control of anodized surfaces in a
production environment. This included surface reliability , acceptance and rejection
criteria , as well as documentation of the problem areas associated with the phosphoric
acid anodizing process.

3
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II. TECHANICAL DISCUSSION

A. PHASE I - BASE LINE ANODIZATION STUDIES
1. Physical Characterization

The physical characteristics of the surface coatings in this program were
evaluated by examination with the SI~M (Scanning Electron Microscope). All of the
anodized specimens were prepared for SEM examination using a 90° bend technique.
With this technique , the specimen , approximately 0. 125—inch by 1—inch by 0. 003—inch
thick , was bent to an angle of about 90° , or until  the aluminum surface began to frac-
ture. Dor ing this bending process , the more brittle oxide coating cracked but re-
mained attached to the a luminum su r face. After being coated with a thin layer of
gold (approximately 200A ) to insure proper specimen grounding and to enhance the
secondary electron emission of the surface , the specimen was inserted in the SEM
for examination.

Figure 2 shows a SEM specimen holder with fou r bend specimens mounted on
it. The holder is inserted in the SEM and the specimens are examined along the two
viewing directions shown in the photograph. Examination along the A—Direction ,
normal to the surface , reveals information on the porosity , structure, and uniformity
of the su r face coating. Examination along the B— 1)irection , parallel to the surface ,
shows the coating thickness as well as the cross—sectional structure of the oxide.

Of primary importance in any anodizing process is the proper treatment of the
base material prior to anodizing. Past experience has indicated that improper pre-
treatment can resu lt in poor anodic film characteristics, such as uncontrollable oxide
thickness , improper cell development , wrong oxide composition , weak adhesion of
the anodic f i lm to the base metal , and poor durability of the bonded surface.

The pretreatment processing of the as-received material used in this program

consisted of: (1) trichioroethane vapor degreasing for removal of soluble organic

materials deposited during processing and handling, (2) alkaline cleaning in a Turco
4215- S solution for removal of insoluble organic materials , and (3) deoxidizing in

4
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FIGURE 2. SEM SPECIMEN CONFIGU R ATION AND VIEWING DIRECTIONS

Amchem 7 and nitric acid for removal of residual surface oxide generated during

mill processing and storage. A complete description of the pretreatment procedures

is given in Table 1.
The character of the surfaces of both bare and clad 7075-TO sheets was evaluated

after each of the pretreatment processing steps to establish a baseline for subsequent

work. The SEM photomicrographs in Figu res 3, 4, and 5 depict the typical surface

character of bare 7075-T6 after each of the pretreatment steps. These photomicro-

graphs were taken at a magnification of 14, 000X ~i th a viewing perspective normal

to the surface. Figure 3, taken after vapor degreasing, shows clear evidence of the

residual surface oxide which had formed during mill processing and handling . This

residual bayerite oxide exists on all as-received aluminum sheets. It was found to
0 0

vary in thickness from about 500A to 2000A. The cracks in the oxide were caused by

bending the specimen. The appearance of the surface after alkaline cleaning is shown

in Figure 4. Thi s step removed the Insoluble organic material that was imbedded in

the residual oxide, resulting in a somewhat porous surface coating. Following the

deoxidizing step, the surface appears nearly oxide-free, as shown in Figure 5. A

5 
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TABLE 1. PRET REATMENT PROCEDURE

1. Trichloroethane Vapor Degrease: 4-7 Minutes

2. Alkaline Clean: 10—15 Minutes

Turco 42 15—S: 6-8 weight *inces/gallon of solu tion

Operate at: 155F ~ 1OF

3. Rinse: 5 Minutes Minimum

Rinse water shal l contai n not more than 150 ppm of solids

4 . I)eoxidize: 5— 10 Minutes

Amchem 7: 2. 7 - 3. 3 weight ounces/gallon of solution

Nitric Acid: 8~f — ~~~ of total volume of solution

Operate at: Room temperature

5. Rinse: 5 Minutes Minimum

NOTE: Deionized water was used in mixing solutions and in rinsing.
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FIGURE 3. SUR FACE OF BARE 7075.-T6 AFTER VAPOR DEGREASIN G
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th in  la~ er of oxide still exists on the surface 100A) . However , this layer cannot

be detect ed with the SI~M and is bel ieved to be removed in both the chromic and phos-

phoric acid anodizing solutions.

It is generally felt that the existence of a nearly oxide—free surface prior to

anodizing is essential to the format ion of a durable anodic surface. Therefore , a

periodic check of the surface character following deoxidizing was performed to insure

proper pretreatment processing. An unacceptable deoxidized surface is shown in

Figure 6. Thi s surface is still covered with a residual oxide layer in which oxide

pores as well as some cell structure can he seen. This residual oxide is estimated

to be on the order of 400A thick.

The etched appearance of the correctly deoxidized surface in Figure 5 is due to

the acidic nature of the deoxidizer , which dissolves away the residual oxide as well as

some of the underlying base metal. The etch pits seen in thi s photomicrograph appear
considerably smaller than those in l ’igure 7. The latter SEM photomicrograph is of

the same deoxidized surface as that shown in Figure 5, but it was taken at a lower

magn ification (2800X . The larger etch pits are indicated by the arrows. Note also

the deep etching of the grain boundaries along the left - and right -hand borders of

Figure 7. These boundaries are important , since they are a clear indication of
whether or not a surface has gone through the deoxidizing step properly.

The baseline character of the oxide coatings on bare and clad 7075-TO from both

phosphoric and chromic acid anodizing was established in this phase . Complete

descriptions of these two anodizing procedures are given in Tables 2 and 3. Physical

characterization of the anodized su rfaces was performed by inspection with the SEM.

Characteri stics of the oxides , such as thickness , pore size , cell structure, uniformity

of coating coverage , and second—phase particle effects , were documented. Figures 8

through 11 are SF:M photornicrographs of the typical anodic coatings on bare and clad

7075-TO resulting from both phosphoric and chromic acid anodizing.

F gure 8, taken normal to the specimen sur face, compares the differences in

oxide cell character between the anodized surfaces of bare and clad 7075—T6 following

phosphoric acid anodizing. The cell structure of the anodic coating on the bare 7075-T6

is much coarser than that formed on clad 7075-TO , and the oxide pore size on the bare

su r face is larger than on the clad. Thus , the anodic coating on clad 7075—T O is more

dense than that on hare 7075— T( . The cracks in the anodi c coatings shown in these

photographs are caused by the bending of the aluminu m specimen.

S
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‘rAB LF: 2 . P II O SPIJOI U C ACII) ANODIZING PROCEDURE
( Hoe ing Process Specificat ion II AC—5 555)

1. ‘I’ richloroethane \‘apo r Degrease: 4—7 Minutes

2. Alkaline Clean: 10— 1~ Minutes
Turco 4215— 8: 6—8 weight ounces /gallon of solu tion
Operate at: 15SF ‘ 1OF

3. Rinse : u Minutes M i n i m u m
Rinse water shall contain not more than 150 ppm of solids

4. I)eoxidize: 5— 10 Minutes

Amchem 7: 2. 7 — 3. 3 weight ounces/gallon of solution
Nitric Acid: 8fl — 16~ of total volume of solution

Operate at: Room temperature

*5 Rinse : 5 Minutes Min imum

4 *6 Anodize: 20—25 Minutes
Phosphoric Acid: 11 — 16 fluid ounces/gallon of solution
Voltage: 10 1 volt
Operate at: 651” — 8SF

7. Rinse: 10—15 Minutes

Rinse within 2 minutes after current stopped

8. Oven Dry: 160F Maximum

NOTE: Deionized water was used in mixing solutions and in rinsing.

* Parts must be processed in continuous sequence from 5 through 8.

~ Standard anodizing conditions for thi s program are:
Bath Concentration: 14 fluid ounces/gallon of solution
Anodizing Time: 20 minutes
Anodizing Voltage: 10 volts
Bath Temperature: 75F 5F

. _  - -  -~~~~~~~~~
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‘I ’ ABLE 3. CHROMI C . \ ( ‘ f l )  AN OI ) l  ZIN C PIU ) CE I ) t ’I ( E

1. ‘I’ r ichloroethane Vapor I)egrease: 4— 7 Minutes

Alkaline Clean: 10—15 Minutes
Turco 42 15—5: 6-8 weight ounces/gallon of solution
Operate at: 155F 1OF

3. Rinse: 5 Minutes Minimum

Rinse water shal l contain not more than 150 ppm of solids

4. Deoxiclize: 5—10 Minutes

Amchem 7: 2. 7 — 3. 3 weight ounces/gallon of solution
Nitric Acid: 8~ — 1O~ of total volume of solution

Operate at: Room temperature

5. Rinse: 5 Minutes Minimum

6. Anodize: 40 Minutes (See schedule below)
Chromic Acid: 6. 7 - 13. 4 weight ounces/gallon of solution

Operate at: 104 F 4F

Voltage: DC
Gradually increase voltage for first 10 minutes from 0 to 40
volts in steps of not more than 5 volts

Hold at 40 volts for 20 minutes
Increase to 50 volts within 5 minutes
Hold at 50 volts for 5 minutes

(NOTE: The current density at the higher voltage should be 2.5 amps/
square foot of anode surface. )

7. Rinse: 5 Minutes Minimum

8. Dichromate Seal: 15 Minutes
Sodium Dichromate: 5. 0 - 6. 5 percent by weight

Operate at: 210F ± 2F

9. Rinse: 10—15 Minutes

10. Oven Dry: 160F Maximum

NOTE: Deionized water was used in mixing solutions and in rinsing.

11
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I’hc ~V M  pho t omicrograp hs in I” igure 9 show the :tnodic coatings as viewed
t h r o u g h  t h e i r  cr oss—sect ion.  ‘I ’hcse p hotog raphs reveal information on the film thick-
ness as well  as its longitudinal  s t ructure.  ‘l’he dispers ed nature of the oxide is due
to th e d i f ferences  in ductility between the brittle anod.ic film and the ductile base
metal , and thei r r e la t ive  displacements dur ing the bending and c racking ol the 9~
bend specimen. In the foregr ound of Figure 9a is the crack in the base aluminum.

The oxide thickness result ing from phosphoric acid anodizing of bare 7075—TO is
on the orde r of 4000A , whereas on clad 7075—T O , the thickness is about 7000A. These
values were determined directly from the photomicrographs by measuring the oxi de
height and dividi ng h the magnification. Also shown in Figure 9 is the di fference in
columnar cell st ructu re between the two anod.i c coatings . The oxide on the clad
7075—T O appea rs to grow in line vertical columns; whereas , on the bare 7075—TO , the
oxide is muc h coarser and shows evidence of branching during growt h (that is , the
existence of noneont i nuous cells throug h the oxide thi ckness).

,A no dizing of 7fl7 5-T~; in chro mic acid also produces a difference in anodic film
charac ter between bare and clad surfaces , as shown in Figu re 1~~. As with the
phosphoric acid anodizing system , the cell s t ructure of the oxide on the bare material
is much coarser than that on the clad; whereas the clad anodi c coating is a more dense
oxide structure.  In addition , the oxide on the clad material is about twice as thick as
that on the bare.

The SEM photographs shown in Figure 10 were taken normal to the surface and
are simi l t r  in both orientation and magnification to those of the surface shown in
Figu re 8 which was anodized in phosphoric acid. It is di fficult to distinguish the
difference betw een phospho ric and chromic acid anodi c coatings from these photographs

alone. However , inspection of the coating thicknesses reveals the differences between
the two anodic coatings , as shown in Figure 11. These SEM photomicrograp hs of the

cross—sections of the chromic acid anodi~ coatings on both bare and clad 7075—TO are
comparable to those for phosphoric acid anodize shown in Figure 9. However , the

magnification in Figure 11 is much less , with the oxide thickness resulting from the
chro mic acid anodizing of bare 7075—TO being abou t 20 , OOOA and , of the clad material ,
about 40 , oooA . This compares to oxide thicknesses of 4000A and 7000A resulting
from phosphoric acid anodizing of bare and clad 7075—T O . In addition , a comparison
of the oxide coating structures in Figures 9 and 11 reveals that the chromic acid anodi c
coa tings do not exhibit the detailed columnar cell structure seen with the phosphoric

acid anodic coatings .

_ _ _ _
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FIGURE 11. OXIDE THICKNESS ON 7075-T6 ANODIZED IN CHROMIC ACID
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2. ç~~~ta1lographic Chracterization

‘I’he crystallograp hic chara cterization of the anodic coatings resulting from both

phosphoric and chromic acid anodizing was performed by electron diffrac tion using the

transm ission electron microscope (TEM ) . Electron diffraction patterns were obtained

by reflecting the electron beam from the anodic coating at a low angle. The oxides were

left int act on the base alloy for this analysis. Thi s is important , since it is suspected

that stripping the oxides from the aluminum c hanges the crystalline form. Analysis

of these patterns showed that all of these anc dic coatings were of the boehmite or a

~Al ,O 1 1120 crystalline structure. ‘fi1iG the desirable oxide form for adhesive bond-

ing because of its stability and durability in the presence of stress and moisture.

3. Chemical Characterization

The chemical character of the baseline anodic films was determined by Auger

electron spectroscopy (AES) ,  coupled with sputter-ion depth profiling. Figu re 12

shows a typical Auger spectru m from the surface of a phosphoric acid anodic coating

on bare 7075-T6. This spectrum reveals chemical info rmation from only the outer

8 to 20~\ of the anodic film. It is a derivative plot of the number of electrons as a

function of electron energy. The peaks on this spectrum correspond to the various

elements present on the surface , with the peak—to—pea k amplitude being generally

indicative of the amount of that element present. This spectrum shows a nearly

contaminant-free surface following the phosphoric acid anodizing of 7075—TO , with

phosphoru s, sulfur , chlorine , carbon , nitrogen , iron , copper , zinc , and magnesium

being present in trace amounts in the outer layers of the anodic coating. The copper ,

z inc , and magnesium are from the alloy constituents in the aluminum. The phosphorous

in the coating is from the anodizing bath. The other trace elements are from either

the rin se water or exposure to atmospheric conditions.

By simultaneously performin g Auger electron spectroscopy and ion sputter

etching, one can obtain information on the distribution of the trace elements throughout

the anodi c coating. Shown in Figure 13 is a plot of the distribution of some of the

elements through the oxide thickness obtained by Auger spectroscopy/ion sputtering.

This plot shows that both zinc and magnesium are concentrated mainly in the outer

20A of the anodic coating. It is significant to note that the amounts of both of these

elements are higher in the outer surface layers of the anodi c coating than they are in

the base alloy itself . Also seen in Figure 13 is the presence of phosphoru s throughout

the anodic coating, with a highe r concentration in the outer 50A to b o A  of the coating.

17 
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.~l thou gh  not .~liown here, trace e lements  such as nitrogen , carbo n , sulfu r , iron , and

copper normally exist only in the outer 20A to 50\  of the anodi c coating.

1 . Anodizing o f 7 l 7 5

In thi s phase of the program, a study was conducted to determine whether the

inspection proced ures deve loped for 7075 arc also applicable to 7475 aluminum alloy.

Shown in Figures 11 and 15 are SEM photomicrographs of the phosphor ic acid anodic

coating on bare 7475. These photomicrographs are of the sam e orientation as those

of the phosphori c acid anodic coatings on bare 7075 , shown in Figures 8a and 9a. No
dif ferences could be detected between the cell stru ctur e, pore size, and general

uniformity of the oxides on 7075 and 7475. The chemical and crystallographic

character of the anodic coatings on the two alloys were identical , both being of the

boehniite form and nearly contaminant free. Only a slight difference in oxide thick-

ness could he found between the two alloy s, with the 7075 anodic coating being about

200A thicke r than that of 7475. However, it was felt that this difference is

insignificant and that the SEM inspection techniques arc applicable to both alloys.

5. Effect of Sample_Size

The effect of sample size on th e character of the anodic coating was also investi-

gated i n th i s  phase. A 12-inch by 12-inch panel and a 1-inch by 1-inch speci men of

hare 70 75- 10 , both 0. 063-inch thick , were anodized simultaneously in a phosphor ic

acid bath at sta ndard conditions. The larger panel was sectioned and systematically

inspect ed us ing  the SEM for documentation of the character of the oxide coating as a

f unction of positi on on the panel. Shown in Figure 16 is a schematic drawing of the

12-i nch square panel , along with the oxide thickness from the various areas of the

pa nel . The oxide ~‘as found to be consistent across the panel in terms of physical

morphology , such as pore size , cell structure , and coating uniformity, as well as

thickness , which was 4 100A ± 400A. This variation is within the accuracy of the thick-

ness measuring technique . Comparison of the anodic coating on the 12-inch by 12-inch

panel with that on the 1-inch by 1—inch coupon revealed no differences in either physica l,

chemical , or crystallographic character . The oxide thickness on the smaller coupon

was measured to be 4000A ~ b OA. The refore , i t was con”ludcd that , for the relative

sample sizes studied , there was no dependence of the anodic coating character on the

panel size.
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BARE 7075-T6 ANODIZED IN PHOSPHORIC ACID

In summary, the effort during this phase of the program resulted in the following:

1. Development of the techniques for , and demonstration of the feasibility for ,
using the scanning electron microscope (SEM) to evaluate the character of

anodized aluminum surfaces .

2. Establishment of the character of bare and clad surfaces of 7075—T6 after
each of the three pretreatment processing steps.
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. De t er m in a t  ion of the baseline character  of p hosp horic and chrom ic  acid

.II1O (Ij c  coa tings  on bare and c lad 7 0 7 T — i ’ O , It was found that :

A l l  of the ’ anodic’ coati  t ig s consi~ ted of the hoehmite (o Al
2O3~ H 2

0) oxide

(‘rv st a llograp hi c f or m .

h . A l l  of th e anod ie  cOat i g . exhib it cd near ly  contaminant—free  oxide l ay er s .

c . ‘l’ he’ t h i c k n e s s  of th e p hosp horic ac id anodic coating on bare 7075—T O is

about lu00:~; whe rea s  on clad 7075— ’! 6 , the th ickness  is about 7000A.

d . ‘I’he th icknes s  of the ch r o m i c  ac id  anodic coating on bare 7075— 1’O is
about 20 , Offl )A ; whereas  on clad 70 7 5—T ; , the th ickness  is about

40 , 000A.

4. I ) e term in at ion that the techni ques developed for inspection and characteriza-
tion of 7075 are also app licable to 7475 .

B. PHASE II — AN ODI C OXIDE REPRODUCIBILITY STU DY

‘I’he object ive of th is  phase of the program was to demonstrate the reproducibi l i t~
of the p hospho ric acid anodizing system by evaluating the character of the result ing
anodic coa t ings  on hare 707 .5—T O . Dur ing  the reproducibility phase , approximately

30 anodizing ru ns were conducted over a period of nine months using the Boeing
P rocess Sp ecif icat ion BAC-555 5 phospho ric acid anodizing procedure ( Table II) .

The 1ihvsi c ’a l characterist ics of these anodic coatings , such as pore size , cell

s t ruc ture , th ickness , and u n i f o r m i t y  of th~ oxide , were evaluated and documented h~’

SE M inspection . ‘l’lm 90° bend technique , previously discussed , was used to prepare

the specimens for the SEM.  The SEM photomicrographs of the surfaces , shown in

Figures  1 7 , 1~~, l~~, and 20 , are typ ical of the reproducibility specimens after phos-

phor i c ac id anoeli i. ing. These four photom icrograp hs repre sent the recommended

standard inspect i on  procedure and magnif icat ions  for documenting the anodic surface

charac ter  w h i c h  was  developed and used in t h i s  program .

Three at the pho to m icrog r ap hs , F igures  17 , l~~, 19, are taken along a viewing

direct ion normal  i i  the surface ’  plane at increas ing  magnifications.  Figure 17, taken

at a m a g n i f i c a t i o n  of 700\ , show s the general  u n i f o r m i t y  of the anodized surface , as

w el l  as defec t— in th e  c o a t i n g  such is h a l e s  due to localized attack of dispersoids 01.

seco nd phase par t ic les  at t he  su r f a e . The e tch ing  of the grain b oundaries , due’ to

the  deox id i z i n g  ~t ep i m n i e d i a t  ( ‘ lv p receding anodi i ing ,  is also v i s ib l e  in this  photo—

micro grap h , hut is rn arc r e a d i l y  appar ent  in  I i  au r e  I ~‘, taken at a m a g n i f i c a t i o n  of

22
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25011 X. A qua l i t a t ive  assessment of the grain boundary attack can be made from this
photograp h. Also note the presence of large and small etch pits in the surface. This
structure ’ c on f i rms  that the deoxidation procedures were performed correctly .

A c-ornp ar lson between the anodized surface shown in Figure 18 and the deoxi-

dized surface show n in Figure 7 reveals only a sligh t difference in appearance between

the two . This difference is the presence of a porous oxide coating on the anodized

surface which is barely visible at a magnif icat ion of 2800X , but is easily seen whe n

inspected at higher magnif icat ions , as show n in Figure 19. This SEM photomicro-

graph , taken at a magnif ica t ion of 14 ,000 X, ver i f ies  the presence of the porous anodic

coating on the surface and also yields information on the pore size and cell structure

of the oxide .

The thickness of the anodic coating is determined by vicw~ng the cracked oxide

through its cross-section, as shown by the SEM photomicrograp h in Figure 20 . The

oxide thickness is derived direct ly f rom the photomicrograph by measuring from the

bottom of the oxide , at the oxide-metal interface , to the top or outer extremes of the

anodic coating. In most cases , the angle relative to the oxide cross-section at which

these photomicrograp hs are taken is not precisely known. Therefore , the measured

thicknesses may be less than the true oxide thickness.  However , differences in thick-

nes s  result ing from this  uncertainty are estimated to be less than 5~ for a typical
analysis and were ignored on this program due to the 10~ accuracy limitation of the

thickness measuring technique.  The accuracy limitation was established in the re-

producibility study, Phase II of thi s program.

Oxide thicknesses for  all of the reproducibility study specimens were deter-

mined by SEM inspection by the aforementioned technique. Table 4 shows the thick-

nesses of the phosphoric acid anodic coatings on the reproducibili ty panels anodized
over a 9-month period and the corresponding concentration of the phosphoric acid in

the anodizing bath , as determined by chemical t i tration . The bath concentration was

the only variable that was not held to a specific value in this study , as it was allowed

to vary within the 11-16 ounces per gallon concentration range given in the Boeing

Process Specification . It is significant to note the dependence of the oxide thickness

on the concentration of the anodizing bath , with higher bath concentrations producing

a thi cker oxide.

Figure 21 shows a p lot of anodic f i lm thickness as a function of the bath concen-

t ra t ion  for  phosphoric acid anodizing of bare 7075—TO. The graph indicates that an in—

creane in bath concentrat ion of 2 ounces per gallon (from 12 to 14) result s in a 30 ’~

25
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‘l’A 1U,F . -I . RF: PR ODUC II3II ,I ’I ’Y RI ’. S I J I , ’IS ( )N PI IO SPIIO JU C AC II )
AN (  ) l ) IZI  N ( ( )h ” BA RE 7 0 75—T O

AN ODIZ E DA ’l’E A V E H A G I - :  OXID E T II I CKNESS BATH ( ‘ONCE N ’l H A l l (  N
(A (o/  guh l on ~

5— 1-1—7 5 :iioo 12 . H

5— 1 1 — 7 5  :1700 12 . 15

0 - 1— 7 5  330 0 11 . 72

6— 4—75 :1:1(n) 11 . 72

0 — 1 — 7 5  :i ioo 11. 72

0 — 4 — 7 5 :1000 11. 72

6 — 1 6 — 7 5  2 s00 12 . 11

6 — 1 6 — 7 5  3200 12 . 11

6— 16—75 2500 12 . 11

0 — 1 6 — 7 5  :1200 12 . 11

7— 15—75 :1600 12. 85

7— 15—75 :1600 12 . k5
7—15—75 3600 12.~~5

7 — 1 5 — 7 5  3600 12.85
7— 16— 73 flMO 14 .01
7—16—75 4100 14 .01
s— 1 1— 7 5  4300 13.97
8—11—75 4100 13.97
s—1 4—75 4200 13. 89
s—22—75  4200 13.92

8—28—75 1 0 0  13.88

10—7-75 4000 13.98

11—11—75 :1850 14 .05

11—17—75 4150 14 .01
11—19—75 4400 14.01
1—26— 76 4100 14 .03

i ncrease in the anodic f i lm thickness , or approximatel y 1000A (from 3100A to .h l00 i ~ l.

Due to th e strong dependence of the anodic coating thickness on the ’ bath concentration ,
it was decided to standardize the bat h concentr at ion at 14 ~ 0. 1 oun ces per gallon .

.
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I his  ( ‘  nc ’ t i r t  r a t ion  was thc n used a~ I h . s t andar d  for preparat ion of surfaces for  ad—
he —~~ 

ye bond v a l u a t i o n , wh i  c-h i n( lU ded stud ies  on the  effect  of at her  anodizing param-

e t e r ’  I) t he  ch a r a c t e r  ) t t h e  r’e s u i t in g  anod ) C coat i  I Ig ~~.

C’ . PI IA SE 111 — l ’ \ I ~S’i C( ( G1)IN \ ’I ’I ( ) N ST ITI

The’ j i u r p sc’ 1 t h i s  p ort  a the  p l a g r a n )  wa s  to  co o r d i n a t e  t h e  efforts  b e tween

M cDonn e l l  I )ougl a ~~, I t  oeI .~ i l l  hrit r i ’nut i  ‘Mal  , and t h e  Nor thr op  C’or’p orati on in the ’ a r ea

f anu d i c  s u r f a c e  eh : i t ’ lr~~’r ’ 1 / a t I n is i t  r e la t ed  to th c-  l ’AHS ! ( P r i m a r y  . \ d h e s i v e l v

Bonded S t r u c t u r e s  l e c h n o l  gv P r ogr : tm.  Both I thase I of the pr gram - ‘Ch a r ac t e r i  / a  —

t ion  of Surface  P r i or ’  t o  .\ dh e s tv e  Bonding at N or th rop  and Phase II conducted at

Rockwel l  I n t e r n a t i o n a l  Sci en c e  (‘e nter , wer e  d i r e c t l y  rc’iated to  the PABST program

at McDonnel l  Doug las . Therefore , it was in the best i n t e r c st ol a l l  three programs

to have an exchange of in f ormat ion  and ideas in  th e areas of anodic ’ coating character-
i zat ion and contamina t ion  of anodized surface’ - . Nor throp ’s a s s ign m e n t  in this regard
was to  assure  that  all th ree  p r og rams  were  u s i n g  the sam e anodic  sur face s a s a  base-

line and that  thc ’ c h a r a c t e r  of t h i s  anodic coating wa s reproduci b le  over a p er i o d  of

t ime.  Thi s a s s i g n m e n t  was accompl i shed  by conduct ing SE\I  c h a r a c t e r i z a t i o n  of

panels taken f rom all thr ee  pr ogram s and h~v making compar isons  wi th  the s t anda rds

established ear ly in Nor throp ’ s program .

1. McDonnell Douglas

An a r rangment  was made wi th  the PABST Program at McI)onnel l Douglas  for  th e

periodic’ inspect ion of prod uction panels anodized in phosp horic  a c i d . ‘l’hc’se panels

were sectioned and p r e p a r e d  for  SE M analysis us ing the 90~ bend technique for speci-

men prepara t ion . Fi gures  22 and 23 show SI’ \I photomic r ograp hs of ty p ica l  anodic
coatings taken from a set of PABST product ion panels conta i rung both bare 2 021 —T 3

and 7 075 — 16 . Figures  22a and 23a were tak en at low magnificat ion (700X) normal  to

t he surface p lane , while  F igures 22h and 23b were taken at high magnification
120 , 000X) along a direction pa rallel to the surface. These photographs , representing

two of the four  standard photogr aphs norm ally taken to document the surface character
of e t ch panel , we rc selected because they show the differences in anodic coating char—

ac’ter between 2024—T3 and 70 75—TO .

The most chvious d i f fe ren c e  between the anodized surfaces of 20 2 1—T 3 and

7075—TO i s  the absence of gI’ a i  n b o u n d a r y  at t a e k  on the 2021 —T3 surface . This  e tching

of the  gra in  b o u n d a r i e s  oecur s d u n  ng the deox id iz ing  step, just p r io r  to  anodiz ing ,

afl(I nt av he due to the d i f f e r e n c e s  in  g r a in  b ounda r y  consti tuent s between the  two

28



- ~~—------ ‘ ‘- ----— --.-— .~~~ uw~
:- 
~~~~~~

:~ 

~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

* : --:. . 

~~~~~ 
.

~~~~~~ 

‘
~; 

• 

h
. ‘ - , 

‘ - -~ •‘,~~~~L ~~~~~~~ 
. .,

~:~
‘ !~~

‘. ~~. 
. ,~- . ~, ‘ .,~:~. c ’~ ’~ ‘: . 

‘

‘ S .
‘ . .

~S - 
. . -

*

• 
- 

.

‘

~ ~~~~~~~~~~~~~~~~~~~~ .‘
. 

, 
~~,

, 
•~
,

~~~~~~~~~~~~~ ‘ 4 ”
~- .~ 

‘ * ~~ ‘
.

. .  ,. ‘. .

700N
a. NO R~ 1AL VI 1 \ \  SI f ( tWING l , . \ (  ‘K O[ (31. •\ IN 11(11 W N l ) A R V  I- ‘l ’( ‘ I l l  \(

. ‘

~~~~~~~~~~~~~~~~~~ 
\~

‘ 

~~

,
~
) ii ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~

‘ ‘:~ ~~~~~~~~~~
~ 

,, ~1 .. ~. ‘Y,— • 
~~~~~ 

- ..

‘.. . ~
‘1.’ib. 4 IP% ,~~~~~~~ Wta  . -

~~~ ~~~~~~~~~~~~~~~~ “ ~~~~~~~~~~~~ a~~~ .. ~~

20 , 000X
b. P A R \ L L F : L Vi i : ~v SIIO\VI N G OXIDE T l l l ( ’N N I : S S

F ’I GI T RE 22. ANOI ) IZED SURF ’ •\ CI :  ( t i ’  BARF:  202 4 — T 3  —

PARST PHO1 )t’ Cl ’ION P , \ N F  L

29 

~~-- .~~~~~ -... ~~--~~~~~~~~~~~~~~~~



-

~~~~~

• .

4 
- ‘ 

I— , I

“ 
I , S

S ... t — . , . - ,— ‘
*“ . ‘ p~ , i . ,

‘- - ‘ 

~~~: ~~ 

- ‘
~~/;~~ . . :.

‘
, /,

‘

I . I — 
~~~

.‘ \ .  •1~~ , l -
- 

- ‘—

- 

S ‘ 

~~~~~~ ~~~ 
- 

* 
-

-- ‘~ ‘
I 

~~ • “,

;-.- -
~~~
“ 

~~
-
~~~~

- —
~~~~~~~

: -
‘

~~~~~~~~
-

- v~ .

‘I’ ~~~~~ , •~- •, ,~ ‘
~~~~~~

‘ . ~
. 

. .
‘ ...

‘*- . - ‘ —
-‘
.

-
“-

—~~ ,.
, 

~~~ ,, 
r

700 X

\ o~~l . ’. I .  \ I i ’ .\ \ ’  s k i  \\ i N t ;  It  ‘ I N  1101 N f t \ R \ ’  E ’r C I H N G

tq.,
’
~~A~~j  ~~~~~~~~~~~~~~~~~~~~~~~~~ ‘I

~~~~~ 
i~’~~~’ ~~ ~~~~~~~ ~~~~~~ 

‘

54. 

- 
‘*

c _ S  I “ I

‘
S ~~~~~~~~~~~~ • * ,, ‘

~~~~~‘ % ‘

~~~r
’
~
’ . .  ~ , 

,.;~

20 , 000X

h. P \ 0 . l . LI-’L V I E W  S I l O \ \ I N I  OXIDE T H I CK N E S S

l”lGl t I ’
, 

23 . \ N G P I 7 E I )  SI ’ I( 1” .\ ( ’ f S  OF BA RF : 7 t ) 75 — T 6 —

l’ .\ B5S’I’ P I t O l ) C ( I ’l C )N P~\\ l ’  L

It . ) 



—‘ “~~ ‘ ‘“ ‘‘  — _ ___ L” T .T’~~~
’” -

a l loy s.  ‘l’he’ second diffe ren ce betwee n the phosphoric ’ acid anodized surfaces of
21 )24 - 13 and 7075-10 is the thicknes s of the anodic coating. On the PABST prod uction
pane l s , the ’ oxide coa t ings  on 2 0 2 - l— T 3  were found to be about 220 0A thick , whereas on

7075— TO , the y  were  about 3500:’~. This difference can be seen by comparing the oxide
thickness  of anodized bare 2 0 2 I - T 3 , shown in Figure 22b , with that on bare 7075—TO ,
show n in l” i gure 23h. Othe r p rog rams  dealing wi th  the anodizing of these alloys have
shown s i m i l a r  results .  

(2

‘l’he anodic coating thicknesses l isted in Table 5 ar€’ from the PA BST production
panels of ba re 202 4 — ’1’3 and 707 5— ’I’O . ‘l’hey are listed in chronological order accord-
ing to date received. These thickn c ’ss .’s we re deter -mined directl y from SEM examina-
t ion . l’he values compare f a v or a b l y  w i t h  specimens anodized under similar conditions
both in t his program and also in Phase II of this  program at Rockwell International
Sck’nce Center.  I n i t i a l l y , the anod ie  f i l m  thicknesses on the PABST production panels
were less than those produced by the s tan d ar d  pho sphoric acid anodize used in thi s
prog ram. Panels rece ived lat i n in the program had coating thicknesses of the same
magnitude a s panels f rom thi s program.

In addition to the production panels , a series of laborator specimens anodized
in phosphoric acid cinder var ious  conditions was submit ted  by McDonnell Douglas for
examination and SEM character izat ion . ‘I’hese specimens w ere characterized and
copies of all photomic ’rograp hs c\’erc’ submitted to McDonn c ’ Il Douglas. Listed in
Table 6 are the oxide thicknesse s of these specimens , de ter -mined by SEM examina-
tion , as wel l as the anodizing condit ions for e a c h  specimen . In general , these anodic

coatings had thicknesses of the proper magnitude and were found to compare favorably
with the PABST production panels in te rms of physical cha r acter .

2. Rock well Science Center

Included i n th i s  phase was the characterization of specimens of bare 7075-T6
anodized in phosphoric acid at R ockwel l Science Center.  The purpose of these speci-
mens was to verify the existence of a properly anodized surface and to establi sh the
anodic fi lm character for use as a baseline surface in subsequent contamination

st udies at Rockwell Science Center . The SEM photomicrographs shown in Figures 24
and 25 are of the anodic coating on a t\- pical speci men . ‘l’he photogr aph in Figure 24 ,
taken normal to the sir rf ace plane , show s the st ructure and porosity of the o~~de layer .
The anodic cha racter shown in this  photomicrograp h compares favorably with pa nels

anodized elsewhere under simi lar conditions , such as that show n in Figure 19. The
thick ness of the phospho ric acid anodic coating on the Rock-well panels of bar e 7075—T6 ,

31.
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l ’ A i I I l 4 . ANODIC COATING Th ICKNESSE S FROM PRODUCTION PANI ’.LS
St ’B MI ’l” i ’ED BY MeI ) UN N E LL I)Ot GLAS , PABST PROGRAM

J I A l E  P1 ’ ( ’FI \ ’Fl  A\ ’ERAGE OXIDE THICKNESS (A)
BARE 7075—TO BARE 2 02 4—T3

t ; — :lo —7 5 3100 — —

2900 ——
0 — 3 0 — 7 5  24 00 ——
7 — 2 9 — 75 :3600 1800
7 — 2 9 — 7 5  3400 1800
7 - 2 9 — 7 5  3500 1800

4 — 1 9 — 7 - 5  :1700 3100

~— I 9 — 75 3800 2900
4 —19—75 3600 3000

“~— 2 I — 7 5  3900 2700

8— 2 1 — 7 5  3700 3000

9—3—75 4500 3300
9—3-75 4600 3500

9—18—75 1700 3600

9—18—75 4200 3500

Production Anodizing Condit ions:
10 volts
22.  5 m i n u t e s

13.5 ounces of phosp horic acid/g allon of solution
78° F

as shown in Figure 25 , was measured to be about 4000A . This value also compares
f avo r ably t o pane ls an odized elsewhe re u nde r simi l ar con di t ions , with a typi cal one
shown in Figure 20 .

3. Surface Contamination

In general , it was found tha t  all specimens submitted to Northrop for character—
i za t ion  in t h i s  p hase exh ib i t ed  su rfaces of si m i l an  anodic f i l m  character .  However ,

:32
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TAIIIJ:  6 . ANAL Y SIS 01” LA BORATORY SPECIMEN S SUBMITTEI)
BY M eD ONNE LL DOUGLA S, 1~ABST PROGRAM

S P E C I M E N  BATH AVER AGE
Nt’MBl - : R A L L O Y  VOLTAGE CONC . TEMP TIME OX~~ E TJ {ICKNESS

(Volts) (oz/g al) (°F) ( m m )  (A’)

7(t 75-T6 8 11 65 20 3300

3 7075-T6 8 11 65 25 4000

4 7075—T O 12 11 65 25 4200
i t )  7075—TO 10 13.5 78 22 . 5 4000

22 7075-TO 16 90 20 3400

25 7075—T O 12 16 90 25 4100

13-5 7075-T6 1(1 13. 5 78 22 . 5 3800

9 2024—T3 10 13. 5 78 22. 5 4600

is 2024-T3 16 90 20 3300

21 2024-T3 12 16 90 23 4400

136 2024-T3 10 13.5 7s 22 . 5 4700

some of t he specimens recei ve d from the PABST Program had areas in which the
anodic layer  was  ei ther  contaminated or damaged. The SEM photomicrograph in Fig-

ure 26 is typ ical of one of these areas and show s the oxide structure and porosity at
1’I , OOO X alo ng a direction normal to the surface plane. The appearance of this oxide
should have been similar  to that shown in Figure 2-I . I-h oweve r, either abrasion or
contaminat ion  had occurred from handlin g and storage of the panel in Kra ft paper.
‘rhi s is evidenced by the smooth areas on the left — and right—hand sides of the etch pit

in l” ig’ure 26 .

P resent ly, the re are two schools of thought concern in g these smooth-appearing
areas . One i s  that these areas are caused by contami nat ion from the Kraft pape r
which f i l l s  up the pores in the oxide. The other theory is that the Kraft paper abrades
the anodic coating dow n t o the bare  metal.  E xtensive work has been performed in this

u rea by the PABST Program at Mcl)onnel l Douglas and presently they favor the former

theory . (3) That is , the abras ive  n a tu r e  of the anodic layer p icks up some contamina-
t ion (probahi v some form of carbon )  from th e Kraft paper. ‘rhis results in a f i l l in g  of

the ox ide pores by the c o n t a m i n a t i o n . In add i t ion , it was demonstrated on the PABST
P rogram that th is  t V l ) ( ’  of sur fa c e  condition was extremely detr imental  to the durab ili ty

of an adhe ~i c_ e l y  bonded sur face .

:13
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F’IGU RE 26. S t ’R F A ( ’E  OF BA RI -  7075—T O — PA I*~~’ P I IOIN ( ’ I ’ I (  N P A N  I I.
,\ I-’TE!l U A N D I J \ c ;  W I Th  K R \ F T  P A P E R

A short s tudy was conducted in t h i s  p r ogram to sub s t Lrn t  i i i  e the f i nd ings  at

McDonnell Douglas on the detr imental  effect of Kr a ft  paper h a n d l i n g  (an d  cot ton gloves

on the wedge test durability of a bonded surface. Wedge test  panels  were  anodized in

phosphoric acid using the standard conditions . The surfaces were then contaminated
by handling with both Kraft paper and cotton glove s, by lig htly rubbing them on the
anodized surface and subsequently bonding them with FM-73 adhesive (no p r i m e r  was

used). A second set of specimens was prepared for SEM charac ter iza t ion  of the con-

taminated anodized surface. No adhesive wedge te st fa i lu res  were noted after 24 hours
of exposure; thus , the contaminated surfaces disp layed acceptable du rab i l i t y  behavior.
Inspection of the contaminated surfaces in the SEM revealed a much lower amount of
surface contamination coverage than was evidenced on the McDonnell Douglas panels ,
and this may have been the reason for the acceptable wedge test behavior  of these

panels. Substantial interest has been generated in this area of contaminat ion b~
handling with Kraft pape r and cotton gloves , and fur ther  studies a re  necessary in th i s
area.

A formal presentation was made of the progress on this program at the PABST
Roadmap and Coordination Session held at McDonnell l)ouglas in Long Beach on 8
Octobe r 1975.
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D. PIIAS F : IV_—_ADIIESIVF: _I3OND DU RABILITY OF ANODIZED SU RFA( ’ES

In  th i s  port i on of the program , the adhesive bond du rabili t y of anodized surfaces
wa s  corr elat ed with the character  of the surfaces as determined by SEM inspection

pr io r  to bonding .  ‘I’he work was divided and conducted in two distinct , but in ter re la ted

tasks . The f i r~ t task involved determining the effect of changes in the anodizing con—

d i t i on s  on the character of the resul t ing  anodic f i lm.  The- cha racter of the anodized
surfaces was determined by SE M  examinat ion and documented with  standard SEM

photomicrograp hs . The second task involved determining the effect of changes in the

anodiz ing  condi t ions  on the envi ronmenta l  durabi l i ty  of the anodized surfaces as de—

term in ec l  by wc -dge t e s t i n g .  The selection of the anodizing conditions for durabi l i ty

evalua t ion  was based on the charac te r iza t ion  resul ts  from the f i r s t  task.

‘U he anod iz ing  parameters selected were those considered most likely to change

in a pI’od U ( ’tion anodiz ing  en v i r on m e n t . The se pa rame te r s  included :

1. P r e t r e a t m e n t  p r i o r  to anodiz in g

2. Rate- of i n i t i a l  app l ica t ion  of anodiz ing  voltage

3. A n o d i z i n g  vo l tage

4 . .Ano d iz in e  t i m e

5. Anodiz ing  bath con cen t r at ion

6 . Panel spa c ing  d u r i n g  anodiz ing

7 . Time i n t e r v a l  be twe en  anodizing and r ins ing .

The effect of the anod iz ing  parameters  on the character  of the anodic coatings

was determined by va ry ing  each parameter , one at a t ime , f rom its  standard value ,

while holding all other parameters  at standard conditions. SEM inspect ion  and docu-

mentat ion of the r e s u l t i n g  anocl ic surface s were performed and a correlat ion was made

between the change s in the anodiz ing  condi t ions and the resul t ing  surface character.

Based on these resul ts , a l imited number of panels , 6—inch  by 6—inch by 0. 125—inch ,
were  anodized using the conditions which y ield the desired surface characterist ics .

-
‘ 

These panels were adhesively bonded with F M — 7 3  (no p r imer  was used) and wedge

t e s t e d  to determine the durabi l i ty  of the anodic surface.  The pr imer  was omitted to

provide a more- sensi t ive  measure  of the durabi l i ty  as a funct ion of anodic f i lm

character .

1. Wedge Test Procedure

The wedge tes t ing  p r o c e d u r e - s were  ba sed on th e  Boeing P rocess Speci f ica t i on ,

B A C — 5 4  14 , w i t h  th e ( f g u r a t i o n  of th e  ~tand:u’d wr -dg e p an e l  shown in F igure  27 . The
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( i — i nch  ~ Iua rc -  pane ls \V e I’e an odi z ed  and : l d } i e ~~i \  e l y  bonded w i t h i n  ~ l h o u r ~ t ‘ n h i r l i m i / a

e u t a f o f  na t i on . Af ter  t in  adhe sive - \~ as en red , the p O O l - I s  \ver e ( ‘Ut i n t o  f i v e  1 — i  nd-h
w id e  spc-e men~ , as — ho-e r  in  1- igure  ~~ . \V l dg t r  ~t data for  on r t  of a f l o d i / i r i g  ( ( f l —
( l i t  i r i r s  is n o r m a l l y  p r o  -n o t ed  as  t h e  a y n m’agn  of In ,— e f i v e -  spn -c i  f r I  f l . - - I ol1o~c in g  i n —
— e r t  no of the  ~t a m n 1 e s s  s i n - e l  w -dge , t h e  i n i t i a l  e r : t eL  l eng th  ~y as  — ( l i b ( ’ d on the  side- s
of th e  i — i  s pec imen , : tn i i t  was  i m m e d i a t e l y  p l ac ed  in  a h u m i d i t  e h a m n i i n e r~ A l l  wedgc-
U — i  sp e e l n l e t i s  a c m e  expo —e d  to  120 F’ and ]

~~
t
~ t i’ e l : i t i v e  h c m m i d n t -  t n  21 h o u r - — and t h e n

r~~r n o ed ‘I m( - a~~u r e n r e n t  of t i l e  (‘i’OC’ k ext c-nsi ni ( l u r i n g  -‘ u t  - 1- olloa i o u  t h i s
m ( a ~ u l ’ e n I c i l t , the  s p e e l f i l e n —  a eel sp l i t  : n l U l r t  and h o  mode of ei’ a n L  c Xtero- o r i  du r ing
i X po -U t’ ( w a s  ( I ’ ( I I  r u l n - ~~t ‘ I . \t” dye te -t c- i’ae . t h r o u g h  th e - adhe~-ive  o re- t e rm ed  en—

h c s i v -  fai  lu i ’ n~~, c -r ae - k s  b .- t w cn -n  th e adhe s ive  and t i m Lf!focl ie-  c-oati  n r c  t e r m e d  ad—
he ive I a i  lu m e — . Adhe — n  f a i l u r e - s  ar e-  gd - un m a l l ’  i n d i c a t i v e  of poor du rab i  l i t ’  caused
by i n pm ’ opc m’ — u r’ fac ’e t r i - a t  n~ c- n t p r i  ‘ n r t hondi

2 . Test Results

Table 7 contains a summarizat ion of thc- n - i - su I t s  for all wedge test specimens

evalua ted  in t h i s  phase .  Li s l e d  arc the  anoct ii  in g  n - r n n d j t i o n s  for each panel , the average-
anodic f i l m  t h i c k n e s s  dete rmin ed  b ’- si: M e x a n m i n a t  ion , as wel l  as the wed ge tes t  e r a c L
growth and mode resul ts  for  th o sn -  panels whose e-nv r onr n en t a l  d u r a b i l i t y  c_ a s
eva lua ted .  Values  f r  anodiz ing  -on dit i ons not o t h e r w i s e  ~pc- ei1 ed deere  at s t anda rd
values;  that  is , 10 volts , 2 l n  minutes , in a bath c-on c-en tr a t ion  of 1-4 ounces  of phosp horic -
acid per gallon of solution .

3. Rate of Voltage Application

The rate of i n i t i a l  v n l t a g e  applicat ion dur ing  an anodiz ing  run j c  an importan t
p a r a m e t e r  in  the a n o d i z i n g  l) r ec-~~- . In laboratory—type anodiz ing  r u n s  with  l ) an e l s  of
smal l  su r face  a r ea , it is possible to app ly 11) v ol t s  i n s t an t an eous ly  to the spccirn c-ns at

the outset of the run .  ‘I’he- rc-s cm lt is  a cur ren t  surge and s u b — e q u e n t  e xp o n e n t i a l  decay
to a s te -adv — ~ t a t e  va lue  as the oxide layer is grown on the surface . The curi ’ c n t  surge

is due to the low r e s i s t i \ - i t v  of the v i r g i n  s u r f a c e . ‘I’he magn i tu d e of th i s  current  sp ik e
is often 11) or more t i m e - s  greater  than  the s t e a d y — s t a t e -  va lue . In a p roduc t i on  environ-
ment  where pan el  sur face  areas are  on th e o r d e r  of hundreds  of s q c r a m - c- f ee t  (compared

to a few square inches non a laboratory p orm c- 1 , it  is  d i f f i cu l t  to accommodate these hi gh
cu r r e n t  s in  n’g -~- at the  out  ~et of the anodiz ing  i ’un . Thus , a gradual  app li e - :nt  on of the
i n i t i a l  a n o d i z i n g  potent i  a! s h igh l y  de~ i r ah l e .

Is

--
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TA 13LI-: 7. SUMMARIZATION OF ANODIC SURFACE
C H A R A C T E R A~-~1) wI’: DGF: ‘l’EST RESULTS

- - A V E R A G E  CRACK ESTIMATED***
A N UDI ( ’  F I L M”  GRO WTH *~~ % COHESIV E
THI(’KN }-:ss (A)  ( INCHES) FAILURE

R ate of Vo l tage A pp licat ion
Gradual (2 mm . t n  3900 0. 12 100
ful l  voltage )
Gradual  (2 m m .  to 4100 0. 15 90
full voltage)
Gradual  (2 m m .  to 4000 0 . 16 100
ful l  voltage
Ins tan taneous  Voltage 4000 0 . 13 100
I nstantaneous Voltage 4400 0. 16 95
Instantaneous Voltage 4100 0. 13 100

Anodizing Time
1 minute 800 1.98 0
2 minute s 1400 0. 15 5
4 minutes 2000 0. 1K 0
5 minutes 2900 0. 19 75
7 minutes 3700 0.14 90
8 minutes  3800 0.10 90
10 minutes  4100 —- -—
15 minutes  4200 —— ——
20 minutes 4300 0.13 100
25 minutes 4400 —— ——
30 minutes 4800 0. 13 70

Anodizing Voltage
1 volt 500 2 .23  0
3 volts 1200 0. 13 35
5 volts 1900 0. 17 80
K volts 2900 0. 18 90
10 volts 4 100 0.13 100
12 volts 4 100 —— — —

l5 volts 6600 0. 16 95

Anodizing Voltage and Time
5 volts , 7 minutes 1900 0. 16 75
7 volts , 7 minutes  2500 0. 14 

- 
80

Surface Pre t rea tment

Degreased , alkal ine 5000 0. 19 90
cleaned , anodized
Degreased , anodized 4800 0.15 90
All conditions are standard unless otherwise noted: 10 volts, 20 minutes and
14 ounces/gallon.

** Determined through SEM examination.
~~~ Average result for 5 specimens. Exposed to 120° F and 100~ RH for 24 hours.
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I M3LE 7. Sl MMAI1IZA’I ’I ON 01” ANODI C SI ’RFA( l-:
L I I A I I A ( ’ l E R  A N I )  tVi i~~;i - l I- : ST l( I - :~~( l , ’ f s  ((‘ on t i n u e d )

‘(1) - - , \ v F : I IA (  ;F ; ( ‘UA ( ’I’~ l-;STIMAT 1-~ ErI ~~~~~~~~~~ A N ~~D lC l” II .M ~~ ; l u n t v l l l ”~ ~
I I l l ( I - ~N l 55 (A n l N ( I l I - 5 )  i- ’,U L I ’l I I -

S i n t c i n l e ’ n  . \ n - r ’a n y n - m r m n ’ n t  I ) u i ’ ing  t \ n o d i i i m n g
1 ) — i n n - l i  pomm el  ~l a ( i f l y  I 1 ( l t l  —‘— — —

n l  l 2 - 5 — in ~’li O I f l n l :b~~~n I l  I _ 1-1

1 . ‘ S I n — i nc h  pam -I 11 )1 10 — —  — —

II

I I . 37 5—inch  panel  4 2 n n l (  —— ——
s loe !  II ~

S h e l f —  i S l e  Eval ation

2 4 — d o  exposure to -1100 0 . 11 95
ai r  p r i o r  to  bonding

No Anodiz e

Zero vol ts  ( in  bath 1) 2. 70 0
f n n i ~ 2 n n  nun . I
I ) - g r  -~t --~c-n l , a lka l ine  II 2. 0
c-leaned , deoxi di zed

Bath C o n c e n t r a t i o n

11 oz gal 320(1 0. 12
16 v. ga l .151 (1 0 .13 100

Post A fl i (h . !.) ’ F landi  I ng

I mu i n . in bath before  57( 11 1  — —  — —

r inse
2 nu in . i i  bath before 3000 0. 1); - 100
r inse-
-5 mi i i . in bath before 2000 —— — —

r inse
i ll m m .  in  bath 1100 2 .90 0
before r i n se

A l l  condit ions  are standard unless otherwise noted: 10 volt s, 20 minutes  and
14 ( n u  nc- i s gallon.

• l ) et ermined  th roug h 5E \I e x a m i n a t i o n .
• A v e r a g e -  r esu l t  for 5 specimens . Exposc i to t20° F and 100 : RH for 24 hours .

10 
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f l u -  l i l f e - r e n e e s  in  ox i d e  c h a r a c te r  r e s u l t i n g  f rom i n s t a n t a n e o u s  v e r — u ~ g r a d u a l

It  ig - :ip i l i n  nt  i n n n  a I ’ l l ’ - t u d ied  th r ou g h si :  M ch a r a c t e r i z a t i o n  and wedge tc-  -t dur a—

d l i i  n - a l n i n t m n , n  n t the an odie e t t i n y ~~. A com p a r i s o n  of the ( - c-i l  s t ructure-  and
I ~ — I t  t ( l ie ’ uno dL - (‘oat i ngs mo s u l t i n g  f r n n n m  I n s t an t a n c - nnu  s and gradual vol t  a g -  up—

1 i n  I ‘I! I — show n in the  SI- \ l  pho to mn i e ’r o gr ap hs of l” igun’ e S . -\ is se e r !  in  h n - s e

p h nt yI ’~i~) li — , the  n l i i te ’rence s in oxide- c ’hara eter  am ’ n - ha i’ n - l  detectable ’ , w i t h  the  gradual

Ii  aye app l i c a t  i n !! p i ’odu e i t mg a si i gh t l v  f i ne m -  cell s t r uc tu r e . 5Uli ~- -n i u n - n i t  wedge t e s t i n g

a e l  n o i i i  f f ere ’n c - e- i n n  t he  du n’ah i  l i t  between gradual  and iii st~n m i t a ne nus  v o l t : l (u _ - ap—

p1 i ( a t m  fl te chni ques , as shown in Table 7.

I . Anodiz ing  Time

The effect of anodiz ing  t i m e -  on the th ickness  of the anodic coating formed by the

phosp horic - acid ano di / . in g  of i n u r e -  7 0 7 5— ’fG was  studied in th i s  pha se . Specimens were

an hi j ed for t i m e s  v a ry i n g  f r on u  one minu te  to t h i r t y  minutes  at 10 vo l t s  in a bath eon—

e e n n t r a t i o n  of 1-1 r n u n c - e s  per gallon . The resul t ing -  anodized surfaces were ch arac ’t c’ri vcd

w i t h  the SE ~I . The anodic coat ing th ickness e s for these specimens are listed in  ladle

7. A plot of these results , as shown in Figu re 29 , reveals the parabolic dependence
of anodic coat in g thick iuess on anodizin g time . The growth rate decreases with t ime

0

and an oxide thickness of 4000A is achieved in about ten minutes and a thickness of

on ly  4500 .\ is achieved afte r t h i n L y  minutes.  l’he Boein g Process Specification speci-

a 5( 1- 55 m inute  ano d iz in g t ime , which is well in •.o the plateau region of the curve .

High magni f ica t ion  SEM inspection of the anodic f i lm characte r as a func t ion  of

a noc l ii.ing t i m e  revealed the development of the oxide , as shown in  Figure 30 . These

ph o t o n m i c n ’o g r a p hs , taken at the  nua gnif icat ion of 1-1 , 000 X, compare the surfaces of

spe c-i nu ens  anodized for 1 , I , 7 , 10 , 20 , and 30 minu tes . They show the development

of th e - oxid e cell st ructu  i-c and s ize  as a func t ion  of anodiz ing ti m u t e . The si- ~l photo—

n u i i c r o g r a p h shown in  I” igu r e  51) indicates that  cell s ize  inc reases  wi th  anodiz ing t i n u e ,

r n - a c h i n g  a growth plateau after about 13 minutes .

Wedge test ing of the specimens anodized for various lengths of t ime revea led a
d i rec t  co r re la t ion  between anodic coating character and wedge test durabi l i ty .  l” i gure

31 compares  the  wedge  t i - s i  f r a c t u r e  surfae -es after exposure which  correspond to the
oxide su r faces  show n in l-’igur c- 30. l-~ach specimen is typica l  of the mode of fa i lure

for  th e -  an od iz ing  cond i t i ons  t n - s t  ed . The spec - i  mens  are show n after exposure and

sp l i t t i ng .  ‘ t h e -  one and f o u r — m i n u te  0110( 11 i ( ’  speci n tc -n s , wi th  surfaces as shown in
1- i gures S.Oa and ‘lob , c’xhi Hte d In un: n c e ’cp t able wedge t e s t  behavior . Wedge test i ng

-11
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4 t h e’ one Il l i  nl mte anO(l i ze m’e sui ted in a c - rae-k  gm n avth  of n1ear~y two  inc-he s in an ad—

h e ’-~i~- e- m n a m m n e r , as show n in l” igur e 31 . ‘l iii ’ fn u m - — nu inu te  anodize  wedge ti-st e x h i b i t e d
mu n n i I na l  c rac k g rowth  (0 . I s — i n c - h ) ;  howeve r , t i l e  c rack g m e w  in  an a d h e s i v e ’  m~i m I ne r .
I b i s  i— nut opt imum f rom a du rab i l i t y  standpoint . ‘l’he rs c-ven — nuin utc  anodi / n - , p r o—

c lue-  log th e -  —e m n -I ne - i ’  c h a r a c t e r  sl in ae n i n  l- igure- 3 (c- , exhibi ted  acceptable c-rac k gr owth
and n il  m d - . To allow for  a m a r g i n  of safety , the- si : ‘eI phuoton u icr ograp h shown in  F ’ ig—

ore-  3t t d  (n f t he  t e n — m i n u t e  anodize ’ was se lec ted  as showing the lowe r l i m i t  of n e c - n - p t —
a b i l i t y  of c e l l  s t r u c t u r e  and s m z e  for a durable anodized surface.  Thus , c i um’ in g  (lie ’
HE \l i n spc ’e t io m! pi- oe ’edum ’e , sum ’fa c - c ’s  exh ib i t ing  a less  developed c e l l  s t r uct u r e  than

that  ~h own in 1”igure 30c1 w n , u l d  be- r e j e c t  en l . This i ne - luck-s  su r faces  s i n u i i a m ’  I n  those
show n in I-’ig u res  30 a— c .

I I i - j
I I

~~~~ - ~~ - - -

1 4 7 10 20 30

ANODIZING TIM !-: — MINt”I’ F: S

FIGURE 31. WEDGE TEST BEHAVIOR \‘ERSt ’S ANOI ) 1Z I N G TIM E

5. Anodizing Voltage

The effect of anodizing voltage on the oxide character and subsequent wed ge test

durability was evaluated to determine the s e n s i t i v i t y  of the SI- : M in de tec t ing  change s

in the surface character due to voltage changes. Spec inuens were  anodized at voltage s

varying from 1 volt to 15 volts for 20 minutes  in a bath concent ra t ion  of 1’l Ounces per
gallon . The thicknesses of these coatings were determined as a func t ion  of anodiz ing
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v n i l t a g e ’  as show n i n  ‘fable 7 . ,-\ plot of these results , as shown in Figure 32 , m di—
( ‘ate ’s  a l i n e a r — r e l a t i o n s h i p  between anodic- f i l m  thickness and anodizing voltage. The

Ixi ( le t h i e k n - s s  increased at the rate of -120A per volt in these tests.
7000

6000 —

;ooo —

L

4 1)00 —

3000 -

V
3

2000 —

ANODIZE TIME: 20 M I N U T E S
BATH CONCENTRATION :  14 OZ/GAL .1000 — 
ROOM T E M P E R A T U R E

I I I
0 5 10 15 20

ANODI ZING VOLTAGE

FIGURE 32. OXIDE THICKNESS VF ;RsUs ANODIZING VOLTAGE FOR BARE
7075-TO ANODIZED IN PHOSPHORIC ACID

The cell structures of these anodic coatings were examined at high magnification
and show a dependence of cell s ize on anodiz ing  voltage . Figure 33 compare s the cell
size of spe ’cimens anodized at 1 , 3, 5, 8, 10, and 15 volts. The differences in cell
size and s tructure are qui te  evident , wi th  the cell size increas ing as the voltage
i n c r e a s e, .

The durability evaluation of the surfaces which were anodized at variou s volt-

ages provided a correlation between anodi c surface character and wedge test behavior.

Panels were anodi zed at 1, 3, 5, 8, 10, and 15 volts , bonded with FM—73 adhesive,

an d evaluated by wedge testing. Figure 34 shows the fracture surfaces of typical
specimens from each of the six panels after wedge test exposure. The arrows

indicate the extent of crack growth. The wedge test behavior of the one—volt anodi ze ,

with surface character shown in Figure 33a , was similar to that of the one-minute
anodize discussed earlier , wi th over two inches of adhesive crack gr- -wth occurring

-17
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during the exposure. The three—volt anodize , wi th the surface character shown in
Figu re 33b, exhibited acceptable wedge test crack growth ; however , the m a j o r i t y of

the growth was in an adhesive manner. The five—volt anodize with a more hig hly

developed cell structure , as shown in Figure 33c , exhibi ted acceptable wedge test
durability behavior , as shown in Figure 34.

L 

I I I I I

1 3 5 8 10 15

~-\NODIZ ING VOLTAGE

FIGURE 34. \vEDc.F: TEST BEh AVIOR \-l - :Rst ’s A N O D I Z I N G  VOLTAGF :

The durability results shown in Table VII indicate that a 200a-\ thick coating,

provided by anodizing for fou r minutes at ten volts , exhibited unacceptable wedge
test behavior; whereas , a 1900A thick coating, achieved by anodizing at five volts
for twenty minutes , exhibited acceptabl e behavior. Despite the nearly equivalent
oxide thicknesses, a comparison of the oxide coating on the two surfaces , shown in
Figures 30b and 33c, reveals a distinct difference in the oxide structure. Anodizing
at five volts produced a more highly developed cell structure and formed a more
uniform oxide coating. This indicates that durability depends oi~ more than the anodi c
coating thickness. However , it was found that all specimens having an oxide thickness
of 3000A or greater exhibited acceptable wedge test behavior. Thus , for the SEM
Inspection procedure , a conservative lower limit on oxide thickness was set at 3000A
for acceptance of a surface that will yield a durable adhesive bond.
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I ’ ~4 ) t 1I t n u d i z i m I ) 4  t im uu e ’ and vn ilt age ’ were- varied on two ti-st panels to ve r i l y  the
acc ep t an t -n -  l imi t s  established Ior the ’ c-eli structu re and thickness of the anod e coating.
I ‘~t mi& ’ Is ol hare  7075—T O were anodized at 5 and 7 volts for seven minutes in a bath

c’e) n ( ’ ( - f l t m ’ , ( t i e ) mi of’ 1 ounces pc ’m - gallon , bonded with I-’ \ l — 73 adhesive , and wedge tested.
l :iou m~&, s 35 and 36 show the cell s tructure of the anode coatings on these specimens.
I S O - s n -  anex hze d  surfaces are similar  in terms of cell size to the 3—volt , 20—minute

ano dize  sur face shown in l- ’igure 33h. According to the acceptance cr i ter ia  established ,
both panels would be rejected due to insufficient  oxide cell development. The thick-

ness of the amuodi c coating resul t ing from the 5—volt , 7—minute  anodize , was measu m ’ecl

t o be 19111) .\ and the 7—volt , 7—minute  anodize had an anodic coating thickness of 2500A .

Using the 3000.\ minimum oxide thickness criteria , both panels would be rejecte d.

\Veclge tests of these panels exhibited margina1l~’ acceptable (Iura l ) ilitV (Table 7~ ,

ind ica t ing  that the 3000 .\ s tandard  provides a nu ar gin of safety.

7. Panel Pretreatment

The’ effect of improper pret reatment  on the resulting anodi c fi lm character and

durability was  evaluated. The objective was to determine whether the effects of im-

proper pretreatment processing could be detected through examination of the ’ final

anode surface coatings. Three sets of specimens were made. The first  set was

vapor degreased and anodized, the second set was vapor degreased, alkaline cleaned ,

and anodized , and the third set was given the full pretreatment processing (including

deoxidizing) , and anodized.

Examination of the resultant anode fi lms with the SEM showed that the oxide

thicknesses of those specimens tha t were improperl y pretreated was greater than

those ’ which were properly pretreated. Specimens that were only degreased prior to

anodizing had an oxide thi ckness which averaged abou t 5000A; specimens that were

degreased and alkaline cleaned had an average oxide thickness of abou t 4800 .X; and

properly pretreated specimens had an average oxide thickness of about 420 0A . The

difference in thicknesses is probably due to the incomplete removal of the residual

oxide from the surface by improper pretreatment. The residual oxide acts as a base

for anode oxide growth and resul ts  in a total oxide layer which is thicker than normal.

Further SFM examinat ion of the improperly pretreated surfaces revealed di f—

ferences in the extent of grain boundary attack between specimens that were and were
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not pi op e ’m ’!v p r e t r t ’a t e -d .  l i t t l e-  or muo gra in  bouncla m - v e tch ing  oceu r m ( ’ d  in those speci-

mens tha t we m e  not deoxiclized pm - b r to anodizing. This  effect is seen by comparing

the- sur faces  of ti m e three sets of specimens , as shown in l-’igure 37. These show that

~ I - M  e ’xan m int t i on  of an anodized surface is a viabl e method to determine whether or

not the sum ’fae ’e’  has been properly deoxidized prio r to anodizing.

\ \ e I gc testing results in Table 7 , for specimens that were improperly pm -e-

t rea ted  prior  to anodizing show that despite the omission of the deoxi dizing step no

de t r inu en tal  effect is seen on the wedge test durabil i ty of these specimens. Both

pr c ’tx -eatnu cnts exhibited nominal crack growth (0. 15 to 0. 19—inch) in an almost com—
pletely cohesive manner. This result was unexpected , since it is known that the

residual oxide layer on the as—i-eceiv ed aluminum is of the bayerite form , which is

the weakest link in the adhesive—met al inte rface.

There are two possible explanations for the fac t that the panels , which were

anodized after an improper pretreatment, had a thicker oxide coating and exhibited

acceptable wedge test durability . The first , is that during the phosphoric acid

anodizing of a surface which has a residual layer of hayerite , the combination of the

acid electrolyte and the anodizing potential result s in the conversion of the bayerite

layer to boehmite. This would occur prior to , or during, the fom’mation of the boehmite

anodi c layer. The second , and vastly different explanation , is that anodizing a panel

having a residual bayerite layer on the surface forms a stratified oxide coating,

with hoehmite forming on top of the bayerite. During the wedge test of this stratified

oxide surface , the boehmite layer acts as a protective barrier , preventing moisture

from reaching the underlying hay erite oxide at least for the exposure times involved.

Withou t the presence of moisture , the bayerite layer cannot grow, at the expense of

the boehmite layer , to a size that would result in fai lure of the metal—oxide interface.

Despite the results that indicate that proper deoxi dizing may not be critical to

the formation of a durable surface , it was decided that any phosphoric acid anodized

surface on bare 7075—TO which does not show some grain boundary attack should be

rejected. Thus , any surface not comparable to the surface shown in Figure 37c at

2800X should he rejected.

8. Panel Spacing During Anodization

Panel spacing was another anodizing variabl e which w as  evaluated in this phase

of the program. It was designc’d to evaluate the throwing rower and shadowing effects

that might occur during the anodizing process. Pairs ol n~-mn c ’h by 6—inch wedge test
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pa nt- Is \v t ’ m  4 ‘-~p L C ( ’ ( I (I , t i . l~ ~, i i  2 ’ ) , and : 75 —im t t ’ h  apart , fas tened tog -t h -r  wi th

t h m n m i n u t u m  wi m m - , and given the s tandard p m e t r e a t m e n t  and anodizing procedure -s.  SI- . \l
c ’}ma m ’~u - t e r m z : m t i o m m  ni  t lue r e su l t i ng  surfaces revealed that a ze ro specimen sp ac in m~ was
m namk ’q ua t t -  i ) r  prope r anodizing. .-\s seen in the SI-PM photomicrographs in Figure ’s

a’~a and 3~~ :L , the ze r o—sp a r ing  panels still m ’e semn hle  an as—received surface covered
w i t h  r esidual  oxide. Ixmring the pretreatment  and anodizing processes , these panels

i l l  c ontac t w i th  eac h ot l me m - . This prohibited the various solutio ns from reaching
th e su r t a (- e ’ , which m ’ estmlt e ’d in l i t t l e  change of the’ a s—rece ived  surface. On the other

hand , time- 0. 125-inch spaced panel , with a width to spacing ratio of 24 :1 , had acceptable-
anodi c h i m  charac ter , as show-n in Fi gure- s  3-’)) and 39h. Wedge test evaluations of
two 6- inch  square panels spaced 1 s— i n c h  apart during anodizing resulted in acceptable
lu m ah i l i tv  fe)r these surfaces , as l isted in Table- 7.

9. Omis sion of Anodize

One step which  mar  not be- omit ted f rom this  procedure is that of the anodizing

process itself . Two instances which mig ht occur in a pr r duct ion envi ronment  are- :
(1) the panel may comp letely miss the anodiz in u  step or 2m the panel may be placed

in the anodizing tank for 20 minutes  with no voltage applied. In either case , the SEM

inspection procedure must he able to ident i fy and single out these two types of

anodizing errors .

Two groups of hare 7075-TO specimens were used for this test. The f i rs t  group

was pretreated according to specification and then rinsed and oven dried (completel y
omit t ing the anodizing process) . These are- r eferred to as the deoxidized panels. The ’
secon d was pretreated , then immersed in the anodizing bath for 20 minutes with no

potential applied , followed by removal for rinsing and drying.  The surfaces of one
pane l from each group was characterized with the SE \l , and the other panels were

bonded for durability evaluation.

The character of a deoxidized panel su rface is shown in the SEM photomicro-
graphs of Figu re 40. The se photographs , whe n compared to similar photographs of

an anodized su r face , show the differences between a deoxidized and an anodized
su rface. ,-\ comparison of I-’ig’ure lila ~u i t ~ - th a t  of the standard anodize shown in
Figure 8a shows the comp l e t e  ,LI ) S ( - f lC t -  o f a ~~O~~OUS anodi c layer on the deoxi dized

surfa ce. In comparing the t hic -kru e- --s on th~- o \ i d e  Lt\ er or the ’ deoxidized surface
shown in Figure 40b with that on the -  s t ; i n d t m - d  anodize shown in F igure  9a , it is

evident that no anodi c coating is pres ent  on the surface.  \Vedge tes t ing showed
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this su i facc-  to exhibit  m - x t i ’ emm me - l v  poo r durabi l i ty ,  and ne ’arl \ - t lmi-ee inches of crack

growth l ) c ct mm -red in an adhesive manner.  ‘I’he f rac t t m m - e  sum-face of :t typ ica l  wedge

t es t  sp ec imen  for this surface character is shown in L of I i ~u m c -  11. ~I’ ~m I i nsp ec—

t ion Ii a s u r f ac e exhibiting - c lar acter is t ics  s imi l a r  to that shown in 1-igu r e’ 10 ,t

re ’simlt in the i-ejection of the panel.

I I 41
1

I H - 

~i

_

( 1) (2)  (3) ( 1)

j l i  l ) FOX ID ( Zi - 1) -COM 1’!. 1- ‘1 ELY PR I’. )( FA TED)

2 )  IM~ 1 I- ; RsI - :I )  IN  BA ’i ’ lI  I -OR 20 ~1INl T V~~ ~~~ \ U I , T \GF ; )

,
~

( T’t \ ( )  ‘m I i N I ’ l ~I-S i \ l ’ I - I R V \ l .  111 1,-oRI : I~ IN ~-~
I ‘I l - N M1XU ’l ’I -~~ INTI- R V - \ L  IlI- I” ORi - i l i N ~~1-:

l-’IGI RE i i . \ VE I ) GE i i ~~ i ~ I~ I - ( ’ l ~ I I -  N~ I - O R f l , \Rl-  7 m n 7 5 — ’I’6

‘I h e  sur lac ’c  character of the specimen of bare 7 1) 7 5— ’FG which was immersed  in

the phosp hom -ic acid bath for  20 minutes with no anodizing potential is shown in I-’igure

-12 . ~s wit lu the deoxid ized panel previousl y discussed , t he cha rac ter of the sur face

is quite eli ff c ’r cnt f r o m  that of the stand ard anodized surfaces . Not the presence of

tiuc f i lm—l ike  particulates on the su r face of the specimen at the left of F igure  42a

and mue ar the top of l”igure 42h . Prel iminary analy sis indicated that this film was

copper depositing out of t i n  anodizing bath. The bath had previousl y dissolved copper

while anodizing other 7 ) 7 5— T 6 panels.  h owever , .- \ug em -  analy sis  revealed excessive

amounts  of lead on thi s sur face , indica ting that this may be a lead deposit from the
lead—lined anod i’i i ng  tank. Figure 43 shows an \ im ger  t race-  from the surface shown

imu l” igure 12. The location of the p r i m a ry  lead peak is at 90 electron volts.
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18, 000X
b. 1’ \ I l . \ L l ,I- ’I .  V I E W
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The wedge test evaluation of the su i-fa c- e character shown in Figure -12  m evealc’d
extremely pour dur ab i l i t . The crack extended nearl y three inches during exposure ,
and the t a u t m c ’  was adhesive ’ in charactei- . The failed surface of a typical wedge test
spt ’(- imen corresponding to thi s surface character is shown in ( 2 )  of Figure 41. Any
st r t a c - c ’  exhibiting a character  s imi lar  to that in I” i gure -12 is rejectabl e from both a
du i-ability and fr  nu a mi crostm -uctura l standpoint.

10. Panel Rinsing

l> ane l rinsing following the phospho ric acid anodizing is an important factor
af fecting the character and du m-abilit y of an anodized surface. The time interval from
the moment the anodizing voltage is shut off to the ’ moment r insing begins was the
variable selected for study in this phase. l” our specimens of bare 7075—TO were
an odized at 10 volts for 20 minutes , the n left suspended in the anodizing bath for 1,
2 , 5, and 10 minutes before removal for r ins ing.  ‘l’he charac ter of the resulting
anodi c surfaces was documented by SF~~I examination. Thi ckness measurements of
the anodi c coatings revealed a decrease in coating thickness with increased holding
times in the phosphoric acid bath before rinsing, as shown in Table 7. This is due
to the acidic anodizing bath which dissolves the anodic layer.

SEM photorn icrog i-aphs of the anodized su rfaces left in the bath for 2 minutes
showed little deterioration of the anodi c coating, as seen in Figure 44. However ,
there is signi ficant deterioration and attack of the anodic coating after 10 minutes in the
anodizing bath , as shown in the photomicrographs in Figu re 45. Extensive surface
pi tting was observed at low magnification (700X), and approximately 75 1~ of the anodi c
coating was dissolved , as seen in the photomicrogr aph in Figure 45b. Panels
exhibiting surface character similar to that in Figure 45 should be rejected. The
wedge test durability results foi- the specimens having the 2-minute and 10-minute
intervals prior to rinsin g correlated with the -1- M photomicrographs. That is , the
2— minute interval specimens exhibited acceptable wedge test behavior , whereas the
10-minute interval specimens had unacceptable wedge test behavior and nearly three
thebes of crack growth occurred in an adhesive manner.

E. PHASE V — STANDARD OPE RATING PROCEDURE

The culmination of all of the knowledge developed throughout tFie program was
the preparation of a set of procedures for usin g the scanning electron microscope for

the quality control of anodized surfaces on aluminum. A specification was written
outlining the procedure , equipnuent , and standa rds for inspection of anodized surfaces
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FIGURE 44. ~U R F A C E  CHARACTER OF BARE 7075-T6 — AN OD IZED IN
PHOSPHORIC ACID, THE N LE FT IN BAT H 2 MIN U TES WITH VOLT AGE OF F
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l : m s n ’ l (in the- ~- I M  e h : m t - : t e t e mi , : t t i en  s tudi t - s  and the wedge test durability evaluation of

the- v: i- i oU S pe rmut at ions  of phospho ’ie- ac id anod izin g of ba re 7075—T O . This specifi—

-ati on is pr c ’~-,&’nted in its ent i  m - e- ty i i  the Appendix.

Brie fl y, the pm-ocedur e’ s for inspection and qual i ty  conti-ol of phosphoric acid

anodiz e d p anels ( 1  h: i-c’ 7 u 7 5— I ’ I a l t -  as lol lows :

1. Remove ’ a tab specimen tr orn the ’ i a r i ~,e- anodized prod uction panel. This

speci men is eonside ix ’ei repre sentat ive ’ of the product ion panel and re-

ject ion of the tab spec inuen wi l l  cause rejection of the entire production

panel.

2. Prepai-e the tab specimen , of nominal dimension , 0. 125-inch by 1—inch

by 0. 125— inch maximum thickness , fo i- SI-: M examination by bendin g about

90 to craci~ the oxide and coat the specimen with about 200A of gold.

3. Inspect the anodized surface of the tab specimen in the S1- .,’tL This includes

the examination of the specimen at m agn i f ica tm oru s of 700N , 2~ 00X , and

14 .000X along a direction normal to the sui-taee plane end the comparison

of these results with the standard -I - ~M photomicrographs shown in

Figures A2 , A~ , and AS in the Appendix. The’ cm’iteri a for acceptance of

the panel include: suit icient grain boundary -t ch in g (7 1) O X . 2 - ’OU X),

uniformity of the oxide layer (7 00N . 2’-~00N . :L i ) Se ’fl c e ot stain s on the

surface (700N).  and adequate oxide cell development  i l - I , 000X 1. Failure

to meet these acceptance criteria results in the i-ejection of the tab

specimen and the production panel.

4. Determin e the thickness of the anodic coating by ~ I -M examination of

its cross-section at a magnification of 20 ,000X. The thickness must be

in the range o 3000A to S000A . and should appear similar to the stan—

dare! ~l- .M photomici-ograpli shown in Figum -e A9 in the Appendix. Failure

to do so resu lts in i-ejection of the panel.

De spite the apparent sophistication of some of the equipment used in the inspec-

tion procedure . the ti me required for inspection and qualification of an anodized panel

is mi nim al . Ass umin g  that the spec imens are prepared and inspected in groups

of fou r :ts they we- m e- du i- in g this  progm - amt .  it is esti mated that the entire inspection

procedure would tak e bout l ,~-2 nu f lut e ’s per spec imen , includin g about 6-is minutes

per specimen for cut t ing ,  bc - r i l in g .  rnouIu t i nm~. and gold coat ing. and about 9— 12 minutes

per s p ’ -  inu en for ~! M inspect on and qua! i l ic :t t i on.  
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It ha s H c - i - n  as sunueci in t h i s  i m m s p - c t i o m l  p m - oc-c ’ l u m ’ i ’ th : it  there is oi ly  one- 1mrocl u c -t i , t u

pane- I im i e ach atiodi zing re mn , and uc e -e ’ ! ) t :L n ( - ( -  a! the s o r t  : 0 - i  - mi f the tab spe c- i ni e~ e’onsti —

t U t e s  :~~ ‘ e ’ ç ) t ~~1!1( i of th e  produ ct ion  panel. 1Iu~ e v e r , if  the  pr oduct  ion run e - or u s i  s ts of a

mul t i p le number  of spe c - i c u - m i s , there  is no g e m : t r ’a m i t ec  tha t  all it the ’ panels lua~ ‘ the

~: tmui t ’  s e m r l : m e ’ c ’  c lu a r a ct er . l l i e - r c t  m c , some sanip l i m ug 
~~~ 

s-c- du re nuust be used with this

i iO~ p( d’ ? I on metho d.
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III. ( ‘ ON( Ll SIONS

1. This program demonstra ted that the scanning electron microscope is a viable
tool for characterizing anodic surfaces on aluminum alloys.

2. The anodic coatings result ing from phosphoric acid anodizing of bare 7075—T O
at s tandard conditions are reproducible in terms of physical , chemical , and
crystallographic character .

3. The scanning electron microscope can be used to identif y change s in anodic film
character that have resulted from changes in anodizing procedures.

a The anodic coating growt h rate for phosphoric acid anodizing of bare
7075—T O is a parabolic function of time with about 90~ of the oxide develop-
ing in the initial ten minutes of the 20—minute anodize.

h. The anodic coating thickness for phosphoric acid anodizing of bare 7075—TO

varies linearly with  anodizing voltage in the range of 0 to 20 volts with the
standard voltage being 10 volts. The oxide cell size also increases with
increasing anodizing potential.

c. The anodic coating thickness is dependent upon the anodizing bath concen-
tration range of 11 to 16 ounces per gallon as specified withi n the Boeing
Specification . A lower bath concentration (12 compared to 14 ounces

per gallon) yields a thinner anodi c coating (3000A compared to 4000A) .

d. The time interval fm om the end of anodizing to the beginning of rinsing is
critical to the retention of the anodic coating character. Given sufficient
time the phosphoric acid bath dissolves both residual and anodic oxides.
Immersion in the bath for 2—minutes  prior to rinsing removes about iOOOA
of the armodic coating.

4. There is a direct correlation between the surface character as seen with the
SLM , and the durability of the bonded surface , as determined by wedge test
evaluation.
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a. The ~ il ~~ t e s t  durab i l i t  it bare 7 0 7 5 — l i ;  -mcdi  i.e -cl in phosphoric cc -id was

toe mnd t i  he depend ent  upon oxide’ t h i ckness .  Anodi c c oat ings h ay i n g  a thick-

n e s s  gre ater  than  3 0111 ) \  exhi b i t  acceptable wedge test behavior , w h e m ~ ’:cs

most ‘u : L t i n i 4 s l e s s  than  25 W ) .\ exhibi t  unacceptable behav ior .

l he’ wedge te st durab i l i ty  also e x h i b i t e d  -t  dependence upon the cell size of

the anodic cua t i  m ig .  I ru ~e - ru -  ca l , anoelic c-oat  i u e s  w i t h  a m u u i  m e . ’ highly developed

oxide c e - l i  s t ruc ture  l cm’ t~ -r  e - e ’l l s  c ’\ l i i I ) i t e d  he - t i e r  d u r a b i l i t y  than those

coatings with less de’vel ip ii  ~- i - 1  I — t r i c - t i : r e - .

c. ‘l’he \ v ( - ( ige ’  test durabi l i ty  of bare- 70 7 5— I 1  anodized in phosphoric  acid was

i n s e n s i t i v e  to the ’ pm -etr eatnu ent  p m - ue- e-~~s i . ~~-d p r i o r  to anodizing. It was

demonstrated that conup lcte omission of the ’ p r e t r e atme nt process had no

det r imenta l  effect on the relative durabil i ty of the anodized surface.  This

result  was unexpected , and requires addition al invest igat ion.

5 . The - scanning electron microscope is much more sensitive than the wedge test

procedure  in i d en t i f y i n g  changes in the anodic f i lm character. 

-- ---..—----- - - - -—-- -~~~~- -



- - - 
— 

~~~~~~~~~~~~~~~~~~~~~~~~ -- 

-- 
- 

~-‘~~~ iiL~ ~i 
-

~~~

I \ .  I~ I - ‘ O ” I  MFNI ) A Fl ()N S

1. l ) - ~ c lap the ’ s ame  type - of i n s p e c t  io f l  procedure for  other a luminunu  :e l lu v s  and

aIldl ( li / i r ig solut h ins

I hc ’ deve ’loprn ent of :i better , nu u m - e’ q u a n t i t a t i v e  durab i l i ty  te s t ing  procedure ,

when coup led ~ ith  so r t oee ’  charac te r i za t ion  by the scan ning electron microscopy,

would lead to a l u ’t t e i ’  unders tand ing  of the’ in tem ’re lut ionshi p b e t w e e n  the -h : t r : u - —

ti ’r of an anodized c u : m t i n g  and t lu e envi  ronme ’nta l  du rab i l i ty  of an adhesively

bonde’d sur face .
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A P P 1-~ N IMX

~ i > i- :cl I - i C ’ I ( IN l- 1)R QUA 1 ITY ( (  )N ’l ’l(O 1. OF AN 1 ) 1  C ‘OATIN (  ;~

1.

1.1 This spc ’c i t i c - :et i on e st abl i shes the equipment , standards , and procedure s for

ye t - i t ication ui  the a -c ’ e ’pt :cbility of anodic- coatings fo l l owm n- ,~ phosphoric acid

[.nodizing of 7 0 7 5—T b a lunu in u ni :cl lo ~~.

1. 2 rhe acceptance c rit e-n a lor the an iu bz e ’d sunt : ic es  of hare 7 0 75 —T b a r”

specified in :;.3.

2. ApP1,1(- ,ABLF;_r)o(.-v~ I 1-:N rS

2. 1 The cui-rent issue of the f o l l o w i n g  publication shall be considered part of

this specification tc) the e xtent indicated herein .

2.1. 1 I iAC-555 - 5, Boeing Process Specification: Phosphoric Acid Anodiz ing of

Alum inum 1”or St i-uctural Ronding.

3. REQUIItE M I- :NT S

3. 1 ~:quipment

3. 1. 1 The scanning electron micrc-scope (sI- ;Mi shall consist of , hut not be l imited

to , the following:

a. An electron source with accelerating potential of at least 15 N V .

b. Pre-aligneci electi-o-magnetic lens system with coarse and fine objective

len s controls for image focusing.

c. I-;nclosed vacuum column evacuated by an oil diffusion pump, and backed

by a roughing pump. Pump-down time to a pressure of 1 x ~~~~ torn

after  specimen insertion shall not exceed two minutes.

d. Douh e- de flection scann ing coils with two secondary electron scann ing

modes: one tor  visual obse rvat ion and mue- for photographic recording.

70 
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- l) isp lay Sc i e -e ’ m i ( CR !  foi ic- w in g and photographic documentation.

1. ~‘pea - i r n e - i m  s tage- capable of handling bc-nt anodized specimens , with a

nu im u l mum sample cRameR ’ e o I 0. 7 5 — i n c h  and a m i n i m u m  sample hei ght

of ii . 5( 1-inch , N— ant i V-translat ion.  ant i manual or electronic t-otation

and t i l t  from I ) to 90 -

~te -pwisc vari ab le ’ , direct readin g magnif icat ion control froruu not

gre:cte ’ t than lOON to not less than PJ , 000X.

h. 1-:le ’cti-on—optica] pe m - fe rmuu an c - with a guaranteed i-c-solution of at least

200 A .

1.2 The’ equipiulent for preparation of the soc-cimens pr ior  to ~I - M  inspection

shal l  consist of the following:

a. A vacuum sy s tem capable of d epositing a clean. unifornu layer of gold

100 to 2 ( n ( ,\ hi thickness, on the anodized surface. The coating pm au -e ss

may in c-lude. but not be l imited to , either vapor deposition or sputter—

coating.

b. A mandm -e- l , vise ’ or othe i tool capable of holding the ano d ize d  aluminunu

specimens (nominally 0. 125-inch by 1-inch by 0. 125-inch maximum

thickness) dur in g bending in accordance with 3 .2 .  1.b. The tool must

be clean and must  not induce contamin ants such as oil or grease onto

the anodized specimen.

3. 2 Process Requirements

:3 .2 .1 Specimen Preparation Procedure Prior to SI- M Inspection

a. specimens shall be removed fronu anodized panels followin g phosphoric

acid anodizing in accordance witlu Boein g Piocess ~pcc-if icat ion BAC-55-55.

The specimen size shall not exceed 0. 125-inch by 1.0-inch by 0. 125-in c- h

in thickness , unless it is dete rmined to be compatible with the size of the

SI- M specimen stage . as specified in 3. 1. 1. f. The specimens ai-c to be

representative of the anodic surface’ cham ’acte ’ r of the large r panels.

Note : Specimen surfaces to be inspected shall t ie kept c ie: umu and free from

all contaminants that n u ay  alter the character of the anodic coating.

This includes , hut is not l imi t ed  to , gl -eol s(’ . oils, vapors  and

fingerp i’iiuls.
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b. \ l anu a l l y  b c -n il  the’ specimens s low ly  to produce a c racked  anodie coat ing
at the bend m e  h em s (se-c 1- i g um - c- Al  

~
.

A — Nornua l  to Surface ’ P lane — Insp ect  at 7 00N , 2800N . and 1-1 , U UO X

B — P ara l l e l to Sem i - l a c e -  Plane — Iruspe ct  at 2 ( 1 , 000 X

I- IGt R I -  A l  - R i -  PR I-~-d-’N ‘I’A l IOX 01-’ BFNT A \ O I ) I Z I - D Sl~i-:CIMF ; X SIl0\VIN
l ) lRI - CTI0N~ 01-’ ~1-~\ I I 1 ~1tUTI0N

c. Moun t the c racked specimen on a SJ -~\l mount (specimen stub) usin g a

conductive paste , pa int , or colloidal suspension. These may contain

either silve r or carbon as the conductive med ium.

ci. Apply a thin , un ifornu coating of hig h pui-ity gold (about 100 A—2 00 A thick )

on the mounted cracked specimen by vapor deposition or sputtering.

i .3 Acceptance Cr i t e r i a

3.3.1 The acceptance criteria fo e’ phosphoric acid anodic coatings on bare 7 0 75—T n

consist of a set of ~ l - M  photonuic rographs s1iowin g the acceptable surface

character  as specifie d below:

a. The appearance of the phosphoric acid anod ized surface of ba re 7075-Tb

when inspecte d along a direction normal  to the surface plane ~see

I- ’i gurc Al I at a magnification of 70 13X must appear similar to the surface

shown in the SI~ \I photomic rograplu in Figure A2 . N ot e’ should be made of

L :le ’ presence of the etc-heel grain l) OWm eiO i-k ’s. which mu si be vis ible .
,-~bsencc - of gm ’u in baum a cv etching- is flat m( ’cept abl e.  Sum -fac e tic ~‘c’t s .
such es holes and p i t s  i 1’(’ l( e’ ( ’p t : ibI ( .
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I- I ( ; UR F :  ,A2 . ( ; l - :NF :RA I , ‘ I I A R A C i  I- R 0!-’ S T A N I ) A R D  SUR I - ’A CE OF B A R E

7075— I b A N O D I Z F : l )  IN Ph OSPh ORIC ACID

b. inspection of the anodized surface at a magn ification of 2~ 0OX must
present an appearance similar to that shown in l-’i gure A3. The grain

boundary etching must again be evident and comparable in depth to that

shown in A3 . The absence of gra in boundary etchin g as shown in the
SEM photomicrograph in I-’ig-ure A4 . is not acceptable.

Note: Panels having some grain boundary etching. but to a lesser extent
than in Figure A3 , are acceptable. However , this condition is
indicative of improper deoxidizin g parameters.

c. Inspection at a magnification of 14 .000X normal to the surface plane
must reveal an anodic coating appearance similar  to that shown in

Figure A5. Verification of the presence of a porous anochic coating.
by observation of the structure and porosity of the oxide layer , is
critical to the acceptance of the anodized panel. Any surface not exhibit-
ing a uniform, porous oxide structure between the grain boundaries is

rejectable. Typical examples of rejectable sur fac ’e’s are shown in

Figure AG . In addit ion , the size of the oxi d e cells must be similar to

those shown in the standard photomicrograph in 1- i gure A S ,  The lower
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2800X

F I C U R F :  A3. G R A I N  B O U N D A R Y  F :TC II IN G OF STANDARD SURFACE OF’ BAR !’.
7075-TG A N O D I Z E D  IN PHOSPHORIC ACID

limit of acceptability of the oxide cell size is shown in the SF:M

photomic rograph presented in Figure A7. Surface coatings having

cell sizes between Figures A5 and A7 are acceptable . Howeve r , any
surface exhibiting smaller oxide cells is rejectable , such as those
surfaces shown in Figure A8. Surfaces such as these are indicative
of improper anodizing procedure s, such as insufficient anodizing time
or voltage.

d. Inspection of the oxide thickness through its cross-section at a magnifi-

cation of 18,000 to 20 ,000X shall reveal an image similar to that shown
in Figure A9. Acceptance of the panel is based on the thickness of the
coatin g measured from this image, which must be at least 3000A , but

not greater than 6000A in thickness. Typical examples of oxide thick-
ness on phosphoric acid anodized panels that do not meet this criteria
and are rejectable are shown in Figure AlO.

Note: A trend toward greater or lesser thicknesses is indicative of changes
in the anodizin g procedures; i .e. ,  bath concentration , voltage , time ,
or poor electrical connections.
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FIGURE A7. LOWER LIMIT OF ACCEPTABLE C E L L  STRUCTURE
FOR PHOSPh ORIC ACID ANODIZING OF BA R !-: 7075-Tb

3.3 .2  S1-: M Inspection Procedure

a. Insert the gold-coated specimen (with stub) into the scanning electron

microscope and execute the pump-down and start-up sequence. A

vacuum pressure of 1 x 10~~ torr is required.

b. Inspect the anodic surface coating away from the bend radiu s as indicated
by direction A in Figure Al. The coatin g shall be viewed at right angles

(normal) to the surface plane and must pass the acceptance criteria at —

each of the following magnifications: 700X , 2800X , and 14 ,000X in
accordance with 3.3. l.a-c.

c. Determine the thickness of the anodized coating by inspection parallel
to the surface , at a magnification of 20 ,000X , as indicated by direction B
in Figure Al. The thickness must be within the limits specified in
3.3.1. d.

77 

‘5-- - - -  ‘5 --~~~ - -- --— 



—- -~~~~ -

~~~~~~~~ ~~~~~~
~~~~~~~~~~~~ ~~~~~~ r ” -

~~~~:~~~~ - 
~~

- • •
‘ - 

~~~~~~~~~~~~~~~~~~~~~~

- . - 
- -~

. a’ - 
‘~~- ~~

~~~~~~~~~~ .f “- • a. - ~~~~~~~~ - •P4# 1 1’ p -

;~~ii~jr~
1 r #4 S ~~

‘ 
~~~~ 

‘- • 
.‘ -* ‘Y ’

- . - ‘ \ OR \ IA L

*~~~~~~~,v1~,g: 
~~~ ~& 

~~~~~~~~~~ :~~1~ - - ~ 
~~

• -
~~~~~-

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~;~~~ ‘: ~~~~%

- 
- ‘ V .  - - iE!~ ,-~i’ - -

I
- ~~~~~~ 

-
- *.~ ), . ~~~~~~~~ ~~~Ii;

14 , 000 X

~~~~~~~~~~~~ ~~~ 
~~, :‘ ~~~~~~~ ‘ . 

.
.-

-
-

- . 
-

-~~~ 
- 

.. 

1 
~ 

/ 
,, 

~
, 
-

~~ ~~~~~~~~~~~~~~~~~~~ 

~~

_

~~~~~~~‘

‘

‘
~~~~~~~~~~~~ 

:~~~ 

N O R \ I A I

~~ ~
‘
~~~ ç~TT~

‘
.
. I -

. - - j  I .- ~ 
• ‘~i~ 

_
~c~ - ~ -~4 • 

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘f~~~~~4 7 ~~~ ~
14 , 000X

FIGURE A8. S U R F A C E S  OF BARE 7075-Tb A N O D I Z E D  IN PHOSPHORIC
ACID AND REJECTABLE DUE TO INADE QUATE OXIDE CELL STRUCTURE

78 

- -— -- ‘5~~ -~~~~~- - - - -~~~~ -—-—--_____



F.— - ___ _____ ,— _-—,,~~~ -~si~ ___ _ - — ‘5--------
~~~~~~~ - -

---- -—- - - -~~
- 

—- ‘  
-
~~~-

.,1
~~~~w 1

- 
-. - ‘ 

- 
• .  PARA LU. L

I

18, 000X

FIGURE A9. OXIDE THICKNESS ON STANDARD SURFACE OF
BARE 7075-Tb ANODIZED IN PHOSPHORI C ACID

3. 4 Facility Requirements

3. 4. 1 Locate equipment , specimens, and records in a clean , well-lighted area free

of noise and vibration and sufficiently removed from the production facilities

to preclude contamination by substances detrimental to both specimens and

equipment. This includes , but is not limited to , dusts , acids , oi ls, greases ,

solvents , fumes , and vapors.

3. 4. 2 Optimum performance of the scanning electron microscope is achieved by

locating the equipment in an area that can be darkened.

3. 5 Qualification of Personnel

3. 5.1 All personnel operating the Inspection equipment and accepting or rejecting

anodized panels shall be certified by:

a. Completion of a training course on the operatio n of the samp le pre r -iration

and inspection equipment .

b . On-the-j ob traini ng by a certified operator.
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1 . 1. 1 M a i n t a i n  an i ~~t a t i o i 1  
~ 

c c -  C - d a r t  ftit ~v d l  a l low t r : i ( - t - 1 h d i t \  ~I t ab ~p ( : d - i m ( - t t

h i c k t~ t h e - L i r ~~& - i ’  t i  ~~i i  -ci ~~i a  I .

I .  1.2  Inspect ion  r & - i ’ o h - -- shall  he I t - p t  e n h h i t - t t -  , t t i i ava i l ab l e  on the anodic v’ a t i r i~t

thicknesses of -~u -h  p e a -  I i n speet  C d , t~ \ a ! :t~~ : t l i\  c -  rn m e - t i t s  hi~ the  i n sp€ -ct t t r
on an~- i lmorma l  i t i c s  or dev iat i ons  1 t a o  normal  t bi t t  h i - v t - l o p  in th e  c h a r a c t e r
of the  in c h ic -  c’ :t ~j

1. 2 1- qu ipme- n t  and ~t a nd t r ds

2. 1 A l l  ec~iipment  shal l  he m a i n t a i n e d  in work ing  order in accord ance  ~~th :~. 1.

- 2 . 2 Per iodic  ser v i c i n g  of the ~d - a i i n i n i ~ c - l i - a t  r ii  n b c - i t  scope sh a l l  be requi t a d  to
m ai n t a i n  a m i n i m u m  v i L l  ri ~ 1’c~a l~ t ion  ci 2 O t i \ .

- 2. :b A r e t i cenc e I I c -  sha h  I a neil at ii ned ‘I c u r r e n t  ~ b - ~cl photographs of rep i - es i - r i—
tat  \ c - , icc - ap tah  i~~- and i c -  j c - c - t ; i b  - i t  - anodk- so :‘fac-es .
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