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A RAPID ELECTROCHEMICAL TECHNIQUE FOR DETERMINING
THE CURRENT EFFICIENCY FOR CADMIUM PLATING

INTRODUCTION

Cadmium (Cd) is commonly used as a plate material to protect steels against corrosion where it
serves as a sacrificial coating. Usually components are electroplated with Cd using standard Cd-cyanide
plating baths. Anb unavoidable side reaction, occurring simultaneously with the plating of Cd, is
hydrogen codepositon. DrIttle failures of Cd plated structural components, such as high strength steel
aircraft landing gear under stress (1), are due to this hydrogen absorbed during the Cd plating process.
Thus, all Cd plated high strength steel components are required to be baked in order to lower the
hydrogen concentration in the component and reduce the possibility of a brittle failure. One method to
minimize the amount of hydrogen absorbed by the component during the electroplating process is to
monitor the plating bath to observe any decrease in the current efficiency for the Cd plating. Current
efficiency, expressed as a percent, is that fraction of the total current flow which is used in the
deposition of the Cd. The partial current used for hydrogen codeposition with Cd is reduced to zero
when the current efficiency for plating reaches 100%. If the current efficiency is observed to be lower
than normal during Cd plating, the plating bath can be further analyzed and/or corrected to achieve the
maximum current efficiency. This report describes a rapid electrochemical method to determine the
current efficiency for Cd plating from both bright and dull Cd plating baths.

Due to the effects of impurities and other factors, precise measurements and control of the plating
bath chemistry is critical in obtaining consistent results in production. The constituents of a bath play an
important role in keeping the current efficiency for plating at a maximum. There are many sensors which
are used to monitor plating baths. Sensors are used to monitor temperature, pH and metal ion
concentration (2). Voltammetric stripping has recently been included in continuous plating baths to
monitor metal ion concentrations (2). Polarographic techniques are useful for the determination of
materials in low and high concentrations (3). Standard analytical procedures also are available for the
analysis of Cd plating baths (4). Although current analytical techniques provide useful information, they
are time consuming and not immediately available. A direct measurement of the current efficiency for
Cd plating is not available.

A simple electrochemical method, which is suitable for the rapid determination of the current
efficiency for Cd plating and the quantity of hydrogen produced during Cd plating from standard
Cd-cyanide plating baths, is described in this paper. The amount of Cd deposited during plating is
measured via an anodic stripping process. The number of coulombs used for the stripping process is
directly related to the mass of Cd stripped as described by Faraday's law. Current efficiency
measurements at various applied current densities and, also, total hydrogen analysis of Cd plated
specimens were performed to show the useful of the technique.
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EXPERIMENTAL PROCEDURES

Electrochemical Apparatus

All bench scale Cd plating and stripping experiments were performed using a typical glass beaker
cell shown in Figure 1. The working electrode was placed in the center of the cylindrical counter
electrode for proper current distribution. A saturated calomel reference electrode (SCE) was used to
monitor the potential at the working electrode. A 1018 steel cylindrical working electrode was prepared
by using standard metallographic polishing techniques for final finish to 1000 grit SIC paper. The
counter electrode was a one inch wide Cd strip. The solution was agitated with a magnetic stirrer. The
test solutions were the standard bright and dull Cd plating solutions. Table I shows the composition of
each test solution. A Princeton Applied Research (PAR) Model 273 galvanostat/potentiostat was used to
supply the applied plating currents and stripping potential, and for the cyclic voltammetry experiments.
The total cathodic and anodic current flow was measured using a coulometer (part of PAR Model 273).
The schematic for cyclic voltammetry, and Cd plating and stripping experiments is shown in Figure 2.

Cyclic Voltammetry

Cyclic voltammetry tests were performed to determine if it would be possible to selectively oxidize
Cd after plating onto steel in the Cd-cyanide plating baths. It was used to monitor current-voltage
relationships upon the application of a constantly changing potential to the working electrode in both
bright and dull Cd-cyanide plating baths. In general, a triangular voltage/time waveform is applied (at a
fixed sweep rate (millivolts/second), to the working electrode, and the resulting current response is
plotted as a function of the applied potential. This is called a cyclic votammogram. The basic feature of
the voltammogram is the appearance of a current peak at a potential characteristic of the electrode
reaction taking place. The currents may result from a number of different types of reactions occurring at
the working electrode. Using this technique, the oxidation and reduction potentials of the Cd and the
steel substrate were determined in both bright and dull Cd-cyanide plating baths. A potential range was
found to study only the cadmium and hydrogen oxidation and reduction reactions.

Cd Plating and Stripping Technique

After specimen preparation and cell assembly, the 1018 steel working electrode was Cd plated.
The applied plating current densities were 20 and 48 mA/cm 2. Two current densities were used to study
the effectiveness of this technique at different current efficiency levels. The current efficiency for Cd
plating does change value with current density (5) due to the codeposition of hydrogen and the changes
in kinetics of Cd deposition. The total coulombs passed during the plating process ranged form 10 to
120 (a coulomb is equal to the applied current times the time, i.e. amps'seconds).

Different amounts of Cd were deposited on the steel specimen to investigate the sensitivity of the
technique. After Cd plating, the Cd plated cylindrical steel specimen was then weighed to the nearest
0.1 mg. After weighing, the Cd was electrochemically stripped off of the steel working electrode
potentiostatically. The stripping (Cd oxidation) coulombs were measured. The amount (mass) of Cd
stripped was then calculated by multiplying the stripping (Cd oxidation) coulombs by 0.5824 mg
Cd/coulomb (electrochemical equivalent for Cd). The mass of cadmium deposited was calculated and
compared to the mass of Cd weighed. Theoretically, these two values should be equal. The data when
plotted should give a linear relationship between the Cd plating coulombs determined from the weight of
Cd (weight of Cd, mg/0.5824 mg/coulombs) and the stripping coulombs measured during the anodic

2
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WORKING ELECTROD CADMIUM CYANIDE

POTENTIOSTAT
GAL VA NO STAT

BEAKER

ELECTRODE STIRRER

Figure 1 Electromechanical cell used for Cadmium plating and
stripping experiments
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TABLE 1

Composition of Standard Bright and Dull
Cadmium-Cyanide Plating Baths

Bright Cd-Cyanide Dull Cd-Cyanide

CdO 3.0 oz/gal. 3.0 ozlgal.

Cd 2.6 az/gal. 2.6 oz/gal.

NaCN 18.4 ozlgal. 18.4 oz/gal.

Udylite I 53 1 volume % ---

*Udylite 153 is a propriety brightener manufactured by Udylite Inc.

4



NADC 88035-60

CURRENT
SIGNAL FOLLOWER
OUTPUT OUTPUT DIGITAL

VOLTMETER
COUNTER
ELECTRODE
(Cd STRIP) REFERENCE ELECTRODE

(S.C.E.)

1 X Y 'b WORKING
XYRECORDER CELL ELECTRODE

1 (1018 STEEL)

Figure 2 Schematic for cyclic voltammetry, constant current Cadmium plating
and potential stripping experiments
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stripping. The linear relationshp should follow the expression of Y = MX + B with the intercept B equal
to zero. The sample correlation coefficient r(1) was calculate to determine whether there was a linear
relationship. A value of r(1) equal to 1 indicates a perfect linear relationship.

The Cd plating and stripping technique was used for the rapid determination of the current
efficiency for Cd plating at a number of current densities. The applied current density values ranged
from 3 to 50 mAcnm2. Three runs were performed for each current density.

Hydrogen Analysis of Cd Plated Parts

In addition to determining the current efficiency the usefulness of the technique was used to study
the effect of plating bath on the amount of hydrogen absorbed during the Cd plating process. The total
hydrogen in the Cd plated steel was measured using a LECO RH2 Hydrogen Determinator. Three runs
for each specimen were made for both bright and dull Cd plated specimens. The applied plating current
density was 20 mA/crn2 for a total of 100 coulombs. The total bright and dull Cd plated was
approximately 72 and 71 milligrams, respectively. The amount of hydrogen in the Cd plated steel was
compared to the current efficiency or the amount of hydrogen produced in each solution. The same cell
was used for each test, as shown in Figure 1.

RESULTS AND DISCUSSION

Cyclic Voltammetry

Figure 3 shows the cyclic voltammogram for a bright plating bath. Shown are regions of Cd plating,
Cd dissolution and hydrogen absorption. These were the only significant reactions occurring during the
scanning of the potential between -1.5 and -0.8 volts versus SCE at a sweep rate of 150 mV/second.
There is a larger cathodic peak at -1.43 volts, as a result of the brightener in the solution. The labeled
Cd dissolution peak was due only to the dissolution of the Cd that was plated during the time the
potential was in the cathodic region. The current-voltage curve for the dull Cd plating bath is similar to
the bright Cd plating bath except the peak at -1.43 volts was not observed. From this analysis, it was
determined that Cd could be electrochemically stripped (oxidized) from the 1018 steel substrate, without
the oxidation of the steel. If the potential were directed to more positive potentials than -800 millivolts,
the steel substrate would oxidize. Thus, the potential used for the Cd stripping potential was more
negative than the potential for iron oxidation. As a result, the only coulombs recorded during a Cd
stripping process would be only from the oxidation of Cd that was previously deposited. The anodic
stripping potential for Cd used was -1.0 volts versus SCE. (Note: The amount of hydrogen oxidized
and oxygen reduced at the working electrode during the stripping (oxidation) of Cd is minimal as
compared to the Cd oxidation at these current levels).

From these results, a rapid technique for measuring the plating efficiency for Cd plating was
developed. The total amount (mass) of cadmium which was plated at any applied current density or
plating bath (bright or dull) could be determined by applying an anodic stripping potential (more negative
than -0.8 volts vs. SCE) and measuring the resultant stripping coulomvDs. The current efficiency could
then be calculated by dividing the Cd stripping coulombs by the total coulombs used for the plating
process. It could be used in-situ or a specimen could be plated and stripped in a bright or dull Cd
plating solution with an experimental setup as shown in Figure 1.

6
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Figure 3 Cyclic voltamnmogram of a 1018 steel in a bright Cd-cyanide plating
solution
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Cd Plating and Stripping Technique

Figure 4 shows a graph of the coulombs consumed for Cd plating, calculated from the weighing
measurements versus those measured by the anodic stripping potential technique. The brightening
agent had no affect the technique. Different amounts (mass or thickness) of Cd were plated to observe
if there was a "chunk effect" for Cd dissolution. The "chunk effect" is due to the undercutting and falling
off of the Cd metal during the dissolution process. If this happened, the results would show less Cd
being oxidized than actually plated. The sample correlation factor, r(1), for dull and bright plating result
were +0.9995 and +0.9991, respectively. This shows that weight measurements can be omitted for
determining current efficiency for Cd plating. Current efficiency for Cd plating studies could be
performed without removing specimens from the plating bath. Since the plating bath conditions and part
geometry are known to affect the current efficiency for Cd plating, any changes in the amount of
hydrogen produced during plating could be detected. Once the current efficiency for Cd plating is
determined, the amount of hydrogen produced can be calculated by slubtracting the current used for Cd
plating from the total applied current.

Current Efficiency for Cd Plating

The current efficiency of a plating reaction is 100% if all the coulombs were used for Cd plating. If
the amount is less than the expected amount calculated from Faraday's law, the efficiency of the
process is lessened due to the hydrogen evolution reaction. The effect of applied current density on the
current efficiency for Cd plating for both the bright and dull Cd plating is shown in Figure 5. For the
constant current plating, the lowest current efficiency over the range of current densities used was
observed for the bright Cd plating bath. This represents a greater chance for hydrogen uptake.
Typically, the standard deviation for all the data shown in Figure 5 is approximately ±0.5%. This data
was determined by the described technique in order to correlate the current efficiency values to the
amount of hydrogen absorbed.

Total Hydrogen Analysis

Figure 6 shows the amount of hydrogen in the Cd plated specimens expressed in ppm H per gram
of Cd plated. The result showed a standard deviation of ± 15%. By comparing the current efficiency for
Cd plating at 20 mA/cm2 in Figure 5 and the amount of hydrogen absorbed, it shows that the
approximate 2% increase in current efficiency decreased the amount of hydrogen absorbed by 50%. Of
course, this result was expected because the current efficiency for bright Cd plating was lower
compared to dull Cd plating at the applied current density of 20 mA/cm 2 . This lower current efficiency
means that there was a larger amount of current used for hydrogen codeposition during bright Cd as
compared to dull Cd plating. Thus, more hydrogen was available to enter the substrate during bright Cd
plating.

8
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Figure 4 Relationship between the amount of coulombs used for Cd plating
(calculated) and the coulombs used for cadmium stripping off of steel
substrate (measured)
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CONCLUSIONS

A rapid electrochemical technique has been described for determining the current efficiency for Cd
plating using standard Cd-cyanide baths. Current efficiency measurements have been made over a
range of applied current densities and have been statistically compared with weight gain and loss
measurements. Total hydrogen analysis tests have been used in conjunction with this technique to
correlate current efficiency for Cd plating with hydrogen uptake. It was shown that a 2% decrease in
current efficiency for Cd plating increased hydrogen uptake by approximately 50%. This method can be
used as a sensor to monitor the effects of impurities, bath composition or part geometry on the current
efficiency for Cd plating. In addition, it can be used as a research tool to quickly and accurately
measure the effects of various plating parameters or bath additions on the current efficiency for Cd
plating.

ACKNOWLEDGEMENTS

The author would like to thank the reviewers of this manuscript, Dr. D. A. Berman, Dr. V. S.
Agarwala and Mr. J. B. Boodey. Special thanks is also extended to Mr. Pete Sabatini for performing the
plating experiments and art work.

10



NADC 88035-60

100

90

z

as

- 7

g96
0

z

h. 0 DULL Cd

z~93 -+ SRIGMF Cd

00 to 0 40 s

PLATING CURRENT DENSITY. mA/ $*I

Figure 5 The effect of constant plating current density on the current efficiency
for bright and dull Cadmium plating

MAL-



NADC 88035-60

200-

050

0

X so

0 .

DULIdC

Fiur 6 otlhdoeupaedrnbrgtadculCd mpaig

I1



NADC 88035-60

REFERENCES

1. Berman, D.A., "The Effect of Baking and Stress on the Hydrogen Content of Cadmium Plated High

Strength Steels," Materials Performance, Vol. 24, No. 11. p. 38, 1985.

2. Turner, D.R., Plating and Surface Finishing. p. 30-34, Vol. 73. No. 6, June 1986.

3. Rothstein, M.L., Peterson. W.M.. Siegerman, H., Plating and Surface Finishing, Vol. 68, No. 6, p.
78-83, June 1981.

4. Fouflke, D., Crane, F., Electroplaters Process Contro Handbook, Reinhold, New York, 1963.

5. Paciej, R.C., Berman, D.A., Agarwala, V.S., "Reduction of Hydrogen Uptake with Cd Pulse Plating,"

Extended Abstracts, no. 473, 170th Electrochemical Society Meeting. October, 1986.

13



NADC 88035-40

DISTRIBUTION LIST (Continued)

ANb. of Copies

Dr. Bryon E. Wide ........................................................... I
Fontana Corrosion Center
The Ohio State University
Columnbus, OH 43210

Dr. Richad Paiej ............................................................. 10
BOC Group, Inc.
New Providence
100 Mountain Ave.
Murray Hill, NJ 07974

NAVAIRDEVCEN ............................................................. 52
(2 for 8131)
(50 for Code 6062. V. Agorwala)



NADC 88035-60

DISTRIBUTION LIST (Continued)

No. of Copies
Mr. Paul Shaw .................... ........................... 1
Grumman Aircraft Systems
Bethpage, NY 11714-3582

Dr. Glenn E. Stonr..........................................................
Department of Materials Science &

Engineering
Thornton Hall
University of Virginia
Charlottesville, VA 22901

Mr. William Thompson ........................................................ 1
Air Force Logistics Center (MMEMC)
Warner-Robins AFB
Warner, GA 31098

Dr. A.R. Troiano............................................................. I
Department of Metallurgy &

Materials Science
Case Western Reserve University
Cleveland, oH 44106

Dr. Patricia P. Trzaskoma ..................................................... I
Naval Research Laboratory
Code 6314
Washington, DC 20375

Dr. Ravi Varrna............................................................. 1
Chemical Engineering Division
Argonne National Laboratory
Argonne, IL 60439

Dr. S.K. Vernia.............................................................. I
lIT Research Institute
10 West 35th St.S
Chicago, IL 60616

Mr. George Wacker .......................................................... I
David W. Taylor Naval Ship R&D Center
Metals Division (Code 281)
Annapolis, MD 21402

Dr. Robert Wei.............................................................. 1
327 Sinclair Laboratory
Bldg. 7
Lehigh University
Bethlehem, PA 18015



NADC 88035-60

DISTRIBUTION LIST (Continued)

No0. Of Copies

Dr. Joseph Pickens .......................................................... I
Martin Marietta Labs
1450 So. Rolling Road
Baltimore, MD 21227

Dr. Howard W. Pickering ...................................................... I
Penn State University
209 Steible Building
University Park, PA 16802
(202) 692-8025

Dr. E.N. Pugh............................................................... 1
National Bureau of Standards
Room 6254, Bldg. 223
Washington, DC 20234

Dr. B. Rath................................................................. 1
Code 630
Naval Reseach Laboratory
Washington, DC 20375

Dr. Robert Reeber ........................................................... I
U.S. Army Research Office
P.O. Box 12211
Research Triangle Park, NC 27709

Mr. R.A. Retta .............................................................. I
Naval Air Systems Command
Code 5143
Washington. DC 20361

Dr. Alan Rosenstein.......................................................... I
U.S. Air Force Office of Science Research
Boiling AFB
Washington, DC 20332

Dr. A. John Sedriks ..........................................................
Office of Naval Research (Code 1131)
800 N. Quincy St.
Arlington, VA 22217

Mr. Jules F. Senske.......................................................... I
ARDC

Bldg. 355

Dover, NJ 07801

IJ



NADC 86035460

DISTRIBUTION LIST (Continued)

No. Of Copies

Dr. J. Kruger................................................................ I
Department of Materials Science & Engineering
Johns Hopkins University
Baltimore, MD 21218

Ms. Jenny Lam ............................................................. 1
Naval Air Propulsion Center
1440 Parway Ave.
Trenton, NJ
(609) 896-5928

Mr. Milton Levy ............................................................. 1
U.S. Army Materials and Mechanics

Research Center (DRXMR-EM)
Watertown, MA 02172

Dr. Fred Longo .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Department of Chemistry
Drexel University
Philadelphia, PA 19104
(215) 895-2653

Dr. M .R. Louthan .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Materials Engineering Department
Virginia Polytechnic Institute
Blacksburg, VA 24061

Dr. Florian Mansfeld.......................................................... 1
Department of Materials Science, VHE714
University of Southern California
Los Angeles, CA 90009-0241

Dr. L. J. Matienzo ........................................................... 1
Martin Marietta Laboratories
1450 South Rolling Road
Baltimore, MD 21227
(301) 247-0700, ext. 318

Dr. Edward Mc~aff erty........................................................ 1
Naval Research Laboratory (Code 6314)
Washington, DC 20390

Dr. Digby D. Macdonald....................................................... 1
SRI International
333 Ravenswood Ave.
Menlo Park, CA 94025
(415) 859-3195



NADC 88035-60

DISTRIBUTION LIST (Continued)

NO. Of copes

Dr. Samson S. Hettiarachchi ..... ... .. .... .... .. .... . . . . . . I
SRI International
333 Ravenswood Ave.
Menlo Park, CA 94025
(415) 323-1721

Dr. Charles G. Interrante ...................................................... I
Corrosion Group
Metallurgy Division
National Bureau of Standards
Washington, DC 20234
(301) 921-2997

Mr. James Jenkins........................................................... 1
Code 152
Naval Civil Engineering Laboratory
Port Hueneme, CA 93043

Dr. R. G. Kasper ............................................................ 1
Code 4493
Engineering Mechanics Division
Naval Underwater Systems Center
New London, CT 06320

Mr. J.J. Kelly................................................................ I
Office of Naval Technology (ONT-0725)
800 N. Quincy St.
Arlington. VA 22217

Mr. M. Kinna................................................................ I
Office of Naval Technology (ONT-0725)
800 N. Quincy St.
Arlington, VA 22217

Dr. Michael J. Koczak ........................................................ 1
Department of Materials Engineering
Drexel University
Philadelphia, PA 19104
(215) 895-2329

Mr. Wayne L. Koegel......................................................... I
Naval Air Systems Command
Code 530484
Washinigton, DC 20361

(202) 692-8025

II



NADC 88035-60

DISTRIBUTION LIST (Continued)

No. of Copies

Dr. Robert P. Frankental 1.. . . . . . . . . . . . . . .. . . . . . . . . . . . . . .
AT&T Bell Laboratonies
Room 10-352
600 Mountain Avenue
Murray Hill, NJ 07974

Dr. David R. Friend ............................................................ 1
SRI International
333 Ravenswood Ave.
Menlo Park, CA 94025

Mr. R. J. Goode............................................................... 1
Code 6301
Naval Research Laboratory
Washington, DC 20375-5000
(206) 762540

Dr. Richard Granata ........................................................... 1
Sinclair Lab 7
Lehigh University
Bethlehem, PA 18015
(215) 861-3574

Dr. John Green............................................................... 1
Martin Marietta Laboratories
1450 So. Rolling Road
Baltimore, MD 21227

Dr. Norbert D. Greene.......................................................... 1
U-136, I.M.S.
University of Connecticut
Storrs, CT 06268

Mr. Harvey Hack.............................................................. 1
Naval Ship Research & Development Center
Marine Corrosion Branch (Code 2813)
Annapolis, MD 21402

Mr. J. Hall ................................................................... 1 I
Code G53, Materials Group
Naval Surface Weapons Center
Dahlgren, VA 22448

Dr. G. Heiche................................................................. 1
Naval Air Systems Command
AIR 03D
Washington, DC 20361



NADC 88035-60

DISTRIBUTION LIST (Continued)

No. of Copies

Mr. Anth" Corvelli ....................................................... I
Code 36621
Naval Underwater Systems Center
Newport, RI 02841
(401) 841-3138

Mr. Thomas Crooker ......................................................... I
Code 6384
Naval Research Laboratory
Washington, DC 20375
(202) 767-2947

Dr. David W . DeBerry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .
SumX Corporation
2211 Denton Drive, P.O. Box 14864
Austin, Texas 78761

Dr. Jack Dixon, Head......................................................... 1
Materials Division
R&D Department
Naval Surface Weapons Center
White Oak
Silver Spring, MD

Mr. A. J. D'Orazio ........................................................... 1
Naval Air Propulsion Center

(Code PE-72)
Trenton, NJ 08628

Dr. Richard W. Drisko ........................................................ I
Code 152
Naval Civil Engineering Laboratory
Port Hueneme, CA 93043

Dr. D. J.Duquette ...........................................................
Rensselaer Polytechnic Institute
Materials Engineering Dept.
Troy, NY 12181

Mr. Dario A. Emeric ..........................................................
Belvoir R & D Center (STRBE-VC)
Fort Belvoir, VA 22060-5606
(703) 684-1127



NADC 86035-60

DISTRIBUTION LIST (Continued)

No. of Cboes

Defense Technical Information Center . ............................... 12
Attn: DTIC-DDA-1
Cameron Station, Bldg. 5
Alexandria, VA 22314

Dr. Lionel J. Bailn............................................................ 1
Lockheed Missile & Space Co., Inc.
0/9350 B204
3251 Hanover Street
Palo Alto, CA 94303
(415) 424-2525

Dr. Theodore R. Beck ........................................................ I
Electrochemtical Technology Corp.
1601 Dexter Ave., N.
Seattle, WA 98109
(206) 285-7404

Mr. S. Bettadapur ........................................................... 1
Naval Air Systems Command (5304D)
Department of the Navy
Washington, DC 20361
(202) 692-8025

Dr. S. Bhattacharyya ......................................................... I
lIT Research Institute
10 West 35th St.
Chicago, IL 60616
(312) 567-4192

Mr. James J. Carney ......................................................... I
Naval Air Propulsion Center
PE-33, Box 7176
Trenton, NJ 08628
(609) 896-5861

Dr. S. Clark ................................................................ I
SumX Corporation
2211 Denton Drive, P.O. Box 14864
Austin, Texas 78761

Mr. Bennie Cohen ........................................................... I
AFWALIMLSA
Wright Patterson A.F.B., OH 45433

Mr. Joseph Collins ........................................................... 1
Naval Air Systems Command (5304)
Department of the Navy
Washington, DC 20361



NADC 88035-60

DISTRIBUTION LIST (Continued)

No. of Copies

Com manding Officer ..................................................................
Naval Air Rework Facility
Attn: Code (340)
Naval Air Station
Norfolk, VA 23511

Com m anding Officer ..................................................................
Naval Air Rework Facility
Attn: Code (340)
Naval Air Station
North Island
San Diego, CA 92135

Com m anding Officer ..................................................................
Naval Air Rework Facility
Attn: Code (340)
Naval Air Station
Pensacola, FL 32508

Com m anding O fficer ............................................. ....................
Naval Air Rework Facility
Atn: Code (340)
Marine Corp. Air Station
Cherry Point, NC 28533

C om m ander .........................................................................
Naval Air Force
U.S. Atlantic Fleet
Attn: Code 5281
Norfolk, VA 23511

National Bureau of Standards ..........................................................
Washington, DC 20234

D r. H . Leidheiser, Jr . .................................................................. 1
Center for Coatings and Surface Research
Lehigh University
Bethlehem, PA 18015

D r. M . K end ig ........................................................................
Rockwell International Science Center
1049 Camino Dos Rios, P.O. Box 1085
Thousand Oaks, CA 91360

Dr. C . M cM ahon, LRSM ...............................................................
University of Pennsylvania
Philadelphia, PA 19104



DISTRIBUTION LIST

REPORT NO. NADC-88035-60

No. of Copies

C om m ander ......................................................................... I
Naval Air Force
U.S. Pacific Fleet
Attn: Code 7412
San Diego, CA 92135

Naval Sea Systems Command .........................................................
Washington, DC 20362

Chief of Naval M aterial ................................................................
Navy Department
Washington, DC 20350

Naval Research Laboratory.............................................
4555 Overlook Ave.
Washington, DC 20375

(Mr. J. Good)

David Taylor Ship Research Development Center ........................................ 2
Code (281)
Annapolis, MD 21402

(Mr. A.G.S. Morton, Mr. G. Wacker)

Naval Surface Weapons Center (Code R-30) ............................................
White Oak
Silver Springs, MD 20910

Naval Air Systems Command ............................................... 10
Washington, DC 20361

(2 for AIR-7226)
(1 for AIR-31A)
(2 for AIR-5304)
(1 for AIR-5142)
(1 for AIR-03D)
(2 for 00D4)
(1 for AIR-93/A)

Com m anding O fficer .................................................................. 1
Naval Air Rework Facility
Attn: Code (340)
Naval Air Station
Alameda, CA 94501

Com m anding O fficer ....... * ..........................................................
Naval Air Rework Facility
Attn: Code (340)
Naval Air Station
Jacksonville, FL 32212

.......... ... .. .. ...11111111111111 111



qw4


