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SUMMARY 

The corrosion resistant properties of metallic aluminuni are well documented. However. commercial processes for the appliiation of 
aluminum coatings. such as electroplating, spray metallizing. lhot dipping. cladding. and others have severe limitations. Production equip. 
ment has recently been developed for plating with aluminum by ion vapor deposition (IVD) without incurring many of  the problems 
associated with these commercial processes. Thc coaling Is called lvadize TM and provides outstanding corrosion protection. In  addition. 
the coaling can be used at temperatures up to 925OF (496’C):and the prwesa doer not cause hydrogen embrittlement. The coating 
and the coating process are non toxic and do not contnbutc to the pollution of our environment. 

Because of  its performance advantages, ion vapor deposited aluminum can be used in a wide range of applications, and is particularly 
effective as a replacement for cadmium coatings. 

INTRODUCTION 

The aircraft industry, like most industries, i s  confronted with the challenge of protecting products from corrosion and its delete- 
rious effects. We must meet this challenge in the face of increasingly stringent demands for improved product life and performance. 
Therefore, new materials and coating systems for protection against corrosion are continuously being sought. 

Cadmium electroplating has been the favored method for protecting steel on aircraft structure for many years. Obvious problems with 
its use were minimal prior to the use of high strength steel and aluminum alloys. Cadmium electroplatine on high strength steel often 
caused hydrogen embrittlement, and cadmium plated fasteners installed i n  high strength aluminum alloys helped promote exfoliation 
corrosion i n  the countersinks. More recently it has received furthcr disfavor because i t  was found t o  cause solid metal embrittlement of 
titanium structure and because of its toxicity and harmful effects on the environment. 

However, it was mainly lor the first two reasons that McDonnell Aircraft Company (a division of McDonnell Douglas Corpofation) 
started looking for a viable alternate for cadmium in the early 1960’s. After extensive paper studies. aluminum coatings were selected 
as the best substitute. Being the least dissimilar t o  aluminum alloy structure, i t  is ideally compatible. Furthermore. aluminum is anodic 
to Steel and provides galvanic protection as does cadmium. 

It was quickly found that available processes for applying aluminum coatings such as metal spraying. electroplating, cladding. hot 
dipping and others had sevcre limitations such as thickness control. adhesion. size and shape of product that could be coated, and effect 
on substrate properties. 

During this same period we had selected vacuum deposited cadmium as the coating for solving the problem of hydrogen embrittle- 
ment of high strength steel. Our production experience with the vacuum coating process was very favorable. For this reason we started 
looking at vacuum coating processes lor aluminum. This included physical vapor deposition, ion vapor deposition, and chemical vapor 
deposition. lon vapor deposition provided the best adhesion and most uniform coating thickness and with other considerations was 
selected for further development. 

In the late 1960’s the United States Air Force and Navy sponsored inservice testing of Several coatings on fasteners installed in 
operational aircraft. (Reference 1) These tests showed that aluminum coatings provided the best protection against corrosion. There 
results along with numerous laboratory tests confirmed the performance advantages of ion vapor deposited aluminum. 

The production feasibility of the process war demonstrated with a full scale coatingrysiem fabricated and delivered to the Naval 
Air Rework Facility, San Diego, in 1974. Since then a niilitaryspe*fication has been issued and coating equipment fabricated for the 
U.S. Air Force. Additional coating systems for both fasteners and larger structural components have been fabricated and ion vapor 
deposited aluminum is being used on several production aerospace programs. 

DESCRIPTION OF THE EQUIPMENT AND PROCESS 

The basic equipment required for ion vapor deposition, called Ivadizerm at McDonnell, is a steel chamber, a pumping system, an 
evaporation source, and a high voltage power supply. A schematic of a typical lvadizer is shown in Figure I. 

The process sequence consists of pumping the system down to about I O 4  Torr. The chamber is then backfilled with an inert gas to 
about 10 microns and a high negative potential applied between the parts being coated and the evaporation source. The gas becomes 
ionized and creates a glow discharge around the parts to be coated. The positively charged gas ions bombard the surface of the parts and 
perform final cleaning, The clean surfacer resulting are cssmtial for good coating adhesion. 

Following glow discharge cleaning. commercially available aluminum wire (I 100 alloy) is evaporated by continuously feeding into 
resistance heated crucibles. As the aluminum vapor passer through the glow discharge. a portion of i t  becomes ionized. This, in addition 
to bombardment by the inert gas ions. accelmiltes the aluminum vapor toward the part surface. This results in denser coatin@ and also 
improves the coating adhesion. The ionization also provider better throwing power and allows complex shapes to be more uniformly 
plated. A typical plating cycle requires about 45 minutes. 

against corrosion. I t  also forms a goad base for paint adhesion and is a conlmon treatmant for aluminum surfaces. 

COATING PERFORMANCE 

After coaling, parts are generally chromate treated in accordance with MIL€-5541 (Refercnce 2). This provider additional protection 

Ion vapor deposited aluminum is a soft,ductile coatingand has properties nearly identical to pure aluminum. We use three classes and 
two types of coatings. The classes reflect coating thickness and the types arc I ,  8s coated. and 1 1 , ~ s  coated with a supplementary chromate 
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' .-1. . trc3tnwnt. Type II i s  gcncr;illy used for reasons previously mentioned. The CarrOSiOii resistilnce requirement for type II coatings is shown 
ii, Table I for t h e  wrious cliss coatings. 

MINIMUM THICKNESS 
CLASS 

(IN.) I (MICRONS) 

i r  I 

CORROSION RESISTANCE 
(HR) 

POWER SUPPLY 

1 

2 

3 

MECHANICAL 
DIFFUSION ' / PUMP] 

EVAPORATOR 
POWER SUPPLY 

PUMP 

0.0010 25 672 

0.0005 13 504 

0.0003 8 336 

OPIB.0606.l 

F I G U R E  1 
SCHEMATIC OF A N  ION V A P O R  DEPOSITION SYSTEM 

TABLE 1 
MINIMUM C O R R O S I O N  R E S I S T A N C E  

R E Q U I R E M E N T S  PER MIL-C-83488 (REFERENCE 3) 

Class I coatings are used for high temperature and exterior applications where Severe corrosion environments arc encountered. Class 
2 is recommended for interior parts where less severe environmenu are encountered, and Clau 3 is used only when close tolerances are 
required such as fine,threaded parts. 

Corrosion testing o f  bright. electroplated cadmium on steel panels along with IVD aluminum of comparable thickness in 5% salt 
spray per ASTM Method B-I 17 will generally show cadmium to be better. However, i l a  scratch is made through the coatings to the 
substrates. the cadmium will generally sacrifice itself more quickly and allow red rust t o  form before the IVD aluminum. 

Results obtained in laboratory tests when cadmium and IVD aluminum coated steel fasteners were installed in 7075-TG aluminum 
alloy and exposed t o  SO2 - salt spray for I68 houn arc shown in Figure 2. The cadmium plated fastener heads are more severely rusted. 
More important is the condition of the countersinks in the aluminum. The IVD aluminum has provided protection to the counteninks 
while the cadmium coated fasteners appear to have promoted cormion of the countersinks. 

There are also advantages lor IVD coating titanium fasteners installed in aluminum structure. A comparison was made between IVD 
aluminum coated titanium fastenen installed dry, and bare titanium fasteners installed with wet epoxy primer. The latter is a standard 
procedure used on  aircraft. These fartenerr were installed in 7075.76 aluminum alloy that had been MIL€-5541 treated. After fastener 
installation the panel was sprayed with one coat of MIL-C-23377 primer and exposed t o  S O p l t  spray for 28 days. Visual examination 
showed that the blistering of primer around the peripheries of the fasteners installed with wet primer was more severe than around the 
IVD aluminum coated fasteners. Examination of the counteninks after fastener removal also showed less corrosion resulted where IVD 
coated fasteners were installed (Figure 3). Studies at McDonnell haw also shown a cost advantage of  using IVD aluminum coated far- 
teners in lieu of wet installation. 

Coating adhesion and thickness uniformity are comparable t o  electroplating. The adhesion requirements are the same as those specified 
. -~ ,~ . . I . . .. . ~ ~ ~~~,~ ~ r . L .  .... :.. ...:r-.-:... -- -...... :.; ,,.._._ .̂ -. :.. =: ̂ _ _ _ ^ "  
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Cadmium Plated 
Fasteners 
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Aluminum Plated 
Fasteners 

FIGURE 2 
IVD ALUMINUM AND CADMIUM COATED STEEL FASTENERS 

INSTALLED IN  7075-T6 ALUMINUM ALLOY AND EXPOSED 
TO 168 HOURS OF SO2 - SALT SPRAY 

IVD Aluminum Coated 
Fastener  

Bare Ti tanium Fastener 
Wet Installed 

OPn99a.2.,' 

FIGURE 3 
CORROSION TESTS OF IVD COATED AND WET INSTALLED TlTANlUM FASTENERS 

I N  7075-T6 ALUMINUM ALLOY COUNTERSINKS 

A lot of fastener qualification data has been generatid on the use of  IVD aluminum (Rrfrrcnce 5 ) .  A summary of the tests performed 

I .  

2. 

islisted in Table 2.  This data is too volumiiious to present her:. lhowever t lw conclusions call br. rummarircd as follows: 

T h e  aluminum coating does not produce any detrimental effects on niechiinicd properties 

The coefficient of friction of aluminum is higher than cadmium, therclbrr. Ihigher installation forces are required. These higher 
values. however, are within the working ranges presently used for cadmium in most cases. Interference fit  fasteners may require 
closer attention t o  the type of lubricants used. 

Ion vapor deposited aluminum has also been evaluated on gas turbine components. (Reference 6). In the low temperature Sections. 
less than 850°F (454OC), i t  is being considered as a replacement for diffused nickel cadmium and aluminum pigmented paints. 

It has also been evaluated in the hotter scctions. There it also shows promise as a replacement for pack cementation. In this case the 
aluminum is applied to the nickel base alloy components by ion vapor deposition and then diffused to form the nickel aluminide coating. 
This approach results in a more uniform coating and does nor require tlie use of  tnoxious chemicals. Only preliminary resting has been 
completed in the hotter sections. 
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FIGURE 4 
IVD ALUMINUM THICKNESS DISTRIBUTION ON A FASTENER 

TABLE 2 
FASTENER QUALIFICATION TESTS 

Mechanical 

Tensile Strength 

Double Shear 

Tension Fatigue 

Stress Durability 

Stress Rupture  

Installation 

Torque Tension 

Locking Torque  

Reuseability 

Interference Fit 

Another potential application exists for IVD aluminum on  titanium components in gas turbine engines. Tests have shown that the 

Test specimens after laser impingement are shown in Figure 5 
/ 

Ivadize coating significantly improved the resistance of Ti-8-1-1 alloy t o  ignition (Reference 7). 

i 
PRODUCTION STATUS 

The lint production size coater was sponsored by the Naval Air System Command and delivered to.the Naval Air Rework Facility 
a t  North Island. San Diego, in April 1974. During this contract period, a number of our  aircraft parts. both steel and aluminum compo- 
nents, were plated and evaluated. Coating uniformity, adhesion and corrosion performance were all very saiisfactory. This unit is 
4 ieet in diameter and 8 feet long and is shown in Figure 6. 

At about this same time a new approach was conceived Tor coating small parts on a more economical basis. The technique is similar 
to barrel electroplating in that pacts are placed in rotating barrels over the aluminum evaporation source. Following conceptual veri- 
fication in the laboratory, a 4 foot diameter by 6 foot long system was designed and fabricated. The unit has been used to demonstrale 
the process and as a test bed far  design development. The system has evolved from one to two barrels per unit. doubling the output. 
Production capacity was increased further by placing vacuum locks on the feed and discharge ends o i  the system (Figure 7). This allows 
fasteners t o  be loaded and unloaded without breaking the vacuum and reduces the total coating cycle by about 50 percent. A similar 
unit installed this year at a fastener manufacturer, The Voi-Shan Corporation, is also shown in Figure 6. 

Early in 1976 a large detail parts coater 7 feet in diameter and 12 feet long war installed in our manufactu"ng iacility. (Figure 6) 
Approval had been obtained from the Air Force to use ion vapor deposited aluminum coatings on the F-15 Eagle. Fatigue improvement 
and economics were the motivating reasons. Sulfuric acid anodize coatings were replaced on fatigue critical aluminum wing skins. This 
resulted in  a fatigue improvement without a design configuration change. It also eliminated a shot peening operation. resulting in a cost 
savings. In addition. IVD coated low alloy steel war used t o  replace higher cost stainless Steel components. 

IVD aluminum is presently being used on the F4 Aircraft and is required for use on the Harrier and the F-18 Hornet. It will be the 
primary corrosion protective plating on the F-18. On this aircraft i t  will be utilized on  all fatigue crjtical aluminum structure, al l  high 
strength steel structure and on titanium and low alloy Steel fastenen. 
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APPEARANCE OF TEST SPECIMENS AFTER LASER IMPINGEMENT 
24OoC (400O). 0.62 MPa (90 psia), 122 m/Sec (400 Ft/Sec) Airstream 

McDonneli Production Coater 

Barrel Coater 

FIGURE 6 
PRODUCTION COATERS 

Air Force Coater 
0Pn4912.10 

A unit has also been F ~ b r i u ; ~ t ~ d  w J ~ r  i o n t r a ~ t  with the Air Force Matrrisls hbaratory. bhnuhcluring Technology Division. This 
unit war used lo develop optiniiini p~rnnrter;  and fixluring for coaling both a i rc ia l t  slid engine parts. I t  will be utilized mainly 2s a 
replacement lor vacuum dupusit4 ~~.ilJniiun~ on high strength steel parts. This unit is 6 feel in diameter and 10 feet long (Figure 6 )  
and was delivered to Hill Air Form U;w in  March 1978. 

Photographs of a iew of tiw i r v i i i f t  d o d  cngiiic pwts t l u i  have beern coaled 11 hlcDonnrll are shown in Figure 8. There is also a lot 
01 interest in aluminum coilt i~~gi o ~ ~ t 4 , i e  
parts, space systems, electrical m , ~ p w ~ t s ,  ;~ppli,wces, etc. Examples olsm,plr p:ulr cotled for evaluation are shown in Figure 9. 

;tircralt ilidurtry. A few examples include computcr discs. consumer hardware. automolivr 



FIGURE 7 
SCHEMATIC OF BARREL COATER 

Engine Mount Bellcrank 

Wing Skin 

Landing Gear Stator Vane Assemblies 
( iP1, .0 ’ lb2-0 

FIGURE 8 
IVD ALUMINUM COATED AIRCRAFT A N D  ENGINE PARTS 



FIGURE 9 
MISCELLANEOUS PARTS I V D  COATED 
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