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SUW~4ARY

A polyphenylquinoxaline (PPQ) — cellulose acetate (CA) membrane material
is currently being developed by NSWC for potential use as a separator material
in alkaline AgO—Zn batteries. One of the criteria used in evaluating the membrane
material is to determine the rate at which soluble zinc passes through the membrane.

We have measured the rates of zincate diffusion through a PPQ—CA membrane
and compared this flux with that of standard separator materials.

This work was sponsored by the Independent Research Program of the Naval
Surface Weapons Center.
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INTRODUCTION

Silver—zinc batteries are widely used by the Navy for many applications.
The superiority of the AgO—Zn electrochemical couple as a rechargeable system
was largely due to the use of cellophane as a separator. However, it is the
oxidative degradation of the cellophane separator by the AgO and 1(011 electrolyte
that limits the cycle life of the battery. This separator failure gives rise
to expensive battery replacement costs.

At this center, polymeric membranes are being developed that have excellant
stability to AgO—KOR solutions and have shown promise for use as battery
separators(l). The primary purpose of this investigation was to select the most
promising membrane material, a mixture of 60% polyphenyiquinoxaline (PPQ) and
402 cellulose acetate (CA), and measure the diffusive characteristics of the
membrane. The objective was to determine if the PPQ—CA membrane had comparable
diffusive properties to standard separator materials.

THEORY

An aromatic heterocyclic polymer such as PPQ is nonpolar and hydrophobic
to the 1(011 electrolyte. Since this material does not absorb KOH to swell
sufficientl~ to allow passage of conducting ions, it has a high inherent electrical

• resistance(1). The electrical resistance can be reduced by incorporating a polar
hydrophilic substance such as cellulose acetate to form a codispersed heterogeneous
membrane. The polar component is then extracted in a suitable solvent(3) or by
hydrolysis in KOH. This creates a semiporous film of a PPQ matrix with an unknown
amount of the CA remaining.

1. 1. Angres, J. V. Duffy,and W. P. Kilroy “Heat and Chemically Resistant• Separators”, Proceedings ——— Twenty Eight Power Sources Syniposiom, 1978 .

2. V. P. Kilroy and J. V. Duffy, “Development of an Improved Separator for
• Alkaline Silver—Zinc Batteries”, NSWC/WOL TR 76—135 .

3. I. Angie., “Ccmpatibilisation of Polyphsmyl—quinozaline with other polymers
using chloroform ma th. solvent in the preparation of polymeric membranes”,• NSWC/b~)L TV 77—118.

H 3
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• EXPERIMENTAL

Preparation of the PPQ polymer has been previously reported~
4). The

procedure for casting the membrane film.(2) and preparation of the membranes has
been discussed1.1i 3) . In si ary, add CA (402 acetyl content) to a 10% PPQ solution
in m—cresol (obtained from the Naraco Division of the Whittaker Corporation).
Add 100 ml of chloroform until a 60% PPQ:402 CA homogeneous solution form.. Cast

~a film and allow the solvent to evaporate slowly for 2 to 3 minutes. Imeerse in
1:1 methanol—water mixture for ten minutes , remove , wash with water and air dry .

Diffusion of 0H ions through the separator was studied by following pH changes
• across the separator by the method of Harris(5) . The flux of zincate across the

separator was determined by a new procedure incorporating differential pulse
polarography (DPP) (6).

A membrane material was inserted between two cell compartments of a modified
diffusion cell described by ~arris(5). The orif ace and consequently the membrane
surface area was 0.785 iá2. For the zincate diffusion studies, the zinc—rich
compartment contained 250 ml of lM ZnO in 42% 1(0)1. The zinc poor aide contained
250 ml of 422 KOH. At intervals, the zinc—deficient solution was stirred and
a 2 ml aliquot was removed and placed in a polarographic cell containing 25 ml
of distilled water. The cell employed a working dropping mercury electrode, a
platintm~ wire counter electrode and a Hg/HgO reference electrode. After purging
with water saturated argon, the DPP curves were recorded on a PAR model 174A DPP

• instrument. The peak heights were compared to a previously recorded DPP calibration
curve established using 10 3M to 10514 zinc ion in 0.8M 1(0)1.

In order to prevent an osmotic pressure generated error in the zincate flux,
approximately 2 ml of the zincate—rich solution was simultaneously removed.

DISCUSSION OF RESULTS

Diffusion Studies

The rates of diffusion of zincate across several membranes are illustrated
in Figure 1. In order to compare the membranes on an equivalent basis, it was
necessary to normalize each membrane to a constant thickness of one mil. The

• zincate flux values reported as moles zincate/min in2 for a 1.0 nil wet thickness
are tabulated in Table I.

4. J. K. Still., U.S. Patent No. 3,661,850, May 1972

• 3. S. L. Harris , “Electrolyte Diffusion” Characteristics of Separators for
• Alkaline Silver Oxide Zinc Secondary Batteries — Screening Methods, Edited

by J. S. Cooper and A. Fleischer AD—44730 1, p 93 (1964).

6. V. P. Kilroy and Linda Laughlin , “Measurement of the rates of diffusion
of soluble zinc through membrane materials in 1(011 solution by differential

• pulse pol arography and comparison with potentiometric methods” , NSWC/WOL
Ti 78—172.

4
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Table I

Comparison of Zincate Diffusion in PPQ—CA Membranes
• with Standard Separator Materials.

Wet Zincate Flux 2 Zincate Diffusi2n• Membrane Material Thickness (nil) (moles/mm in ) Coefficient (ce /sec)

pudo cellophane 3.36 6.7 x io 6 1.9 x
sausage- casing 7.24 6.6 x io 6 4.0 x 10~~

—6 —7stiver cellophane 3.06 3.7 x 10 1.5 x 10 -

60% PPQ — 40% CA 0.88 8.8 x 10~~ 6.5 x 10~~

Figure 1 illustrates the relative rates of “wetting”, that ii, the t ime for
diffusion to be appreciable. The cellophane materials and the sausage casing
are hydrophilic and have the ability to absorb 1(011 electrolyte which allows
diffusion to occur somewhat faster. The slower wetting t ime of the PPQ—CA is
the result of the nonpolar and hydrophobic nature of the PPQ polyler. It is the
CA portion that provides the wettability .

Despite the somewhat slower rates of elecrolyte absorption, the PPQ—CA membrane
offers the advantage of slower diffusion of zincate. This may reduce the mechanism
of cell failure by electrical short—circuiting, generally initiated by a supply
of zincate feeding the growth of conducting metallic zinc dendrites. Table 1
shows the PPQ—CA has almost an order of magnitude slower zincate flux than the
standard separator materials.

In order to determine if there was also an appreciable decrease in the
permeation of the 1(011 electrolyte in the PPQ—CA separator, the diffusion of 1(00
through a PPQ—CA membrane was compared with that of cellophane. The comparison
is shown in Figure 2. In order to compare membranes on an equivalent basis, the
flux of hydroxyl ions was normalized to a membrane of one mu thickness. The
reported flux for the cellophane aembrane(5), normalized to 1 mu thickness is• approximatel~v 2.9 x iø~~ moles OH /ain in2 whereas the PPQ—CA membrane has a value

• of 3.4 x 104 moles OH 1mm in2 . An estimate of the upper current density that the
-• 

PPQ—CA separator would allow can be calculated from Faraday. Law:

• equivalents x F • 3.4 z 10~~ x 96485 
_ ,~ ~~~ ___• t 60 in

Calculation of the Diffusivity of the Zincate ion in PPQ—CA Membranes

The diffusion coefficient (D) for the zincate ion in a membrane can be calculated
from the following equation

_ _ _ _ _ _ _ _ _ _ _- 

S 

- _ _ _  _ _ _ _
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D c2~~ c1~~~~~ 1
I

where ac/at is the mass of the substance that diffuses through a membrane of cross—
section A and thickness I in time t. If a constant concentration gradient is

provided, the fluz is constant and if the diffusing material passes into an unchanging
volume on the dilute side of the membrane, the concentration varies linearly 

with

time. This is accomplished by using a 1 molar zincate ion solution, d2, 
on one

side of the membrane, and a dilute iO~~ or lO~~ molar zincate ion solution, d1,
on the other side .

The calculated diffusivity values for the various aembranes0have been tabulated

in Table I. The diffusion coeffici-et$ for the zincate ion at 24 C has 
been reported

to be 9.9 x iO 7 cm2/sec in 452 1(OH.~
7) This value is approximately an order of

magnitude greater than the diffusivity values of the standard separator 
materials.

The diffusivity of ziucate in PPQ—CA membranes is almost two orders of 
magnitude

lower than in the EON indicating that the PPQ—CA membrane has either a greater

tortuosity or a smaller more selective pore size than the standard separator

materials.

CONCLUS lOll

This center is currently in the process of developing PPQ—CA membranes for
potential use in alkaline AgO—Zn batteries. This report shows that the separator
at this stage of development possesses excellant zincate diffusional

characteristics .

ACXNOLWDGIIE!T

We wish to thank Dr. Iessc Angres for providing us with a PPQ—CA membrane.

7. C. S. May and H. S. Kantz , “Determination of the Zincate Diffus ion
Coefficient and its Applidation to Alkaline Battery Problems”, Paper presented
at the Pittsburg Meeting of the Electrochemical Society, Oct 1978.
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FIGURE 1 COMPARISON OF THE RATES OF ZINCATE DIFFUSION ThROUGH VARIOUS
STANDARD SEPERATOR MATERIALS WITH DIFFUSION ThROUGH A 00%
ppQ. 40% CA MEMBRANE. CURVE A - CELLOPHANE, CURVE B - SiLVER
CELLOPHANE. CURVE C. SAUSAGE CASING, CURVE 0.00% PPO .40% CA.
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THROUGH A 0.0$ MIL (WET) 60% PPO.40% CA MEMBRANE.

S

— _
~rL -



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

.
~~~~w-.~

-_- -
_____

NSWC/WOL TV 78—174

DISTRIBUTION

Defense Documentation Center 12
— Cameron Station

Alexandria , VA 22 314

~ I
Institute for DefE.nse Analyses
R&E Support Division
400 Army—Navy Drive
Arlington, VA 22202

Naval Material Command
Attn: Code 08T223
Washington, DC 20360

Office of Naval Research
Attn: G. Neece (Code ONR 472)
800 N. Quincy Street
Arlington, VA 22217 2

Naval Research Laboratory
Attn: Dr. Fred Saalfeld (Code NRL 6100,

: , A. Simon (Code NRL 6130)- - 4555 Over look Avenue, S. W.
• - Chemistry Division

Washington, DC 20360

Naval Postgraduate School
Attn: Dr. William N. Tolles (Code 612)

Dr. Oscar Biblarz
Monterey, CA 93940

Naval Air Systems Command
Attn: Dr.~ H. Rosenwasser (Code NAVAIR 3OlC)• E . Nebus (Code NAVAIR 5332)
Washington, DC 20361

Naval Electronic Systems Command
• Attn: A. H. Sobel (Code PME 124—31)

Washington, DC 20360

9

- ~ -~--‘~~~±-- - ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



—. 
~~~~~~~~~~~ 

- - - —  
_

:

NSWC/WOL TR 78-174

DISTRIBUTION (Cont.)

Naval Sea Systems Command
Attn : Capt J. H. Spiller , (Code PMS 407)

F. Butler (Code PMS 40764)
K. Murphy (Code NAVSEA 0331c)
S. J. Matesky (Code NAVSEA 0331J)
J. W. Murrin (Code NAVSEA 0331)
Code NAVSEA 9823
S. R. Marcus (Code NAVSEA 033)

• V. V. Blam e (Code NAVSEA 033)
Code NAVSEA 09032 2

Washington, DC 20362

Strategic Systems Project Office
Attn: K. N. Boley (Code NSP 2721)

K. Meserole (Code NSP 2722)
Department of the Navy
Washington, DC 20360

Naval Air Development Center
Attn: J. Segrest (Code AVTD 3043)

V. McLaughlin (Code 2043)
Warminster, PA 18974

• Naval Civil Engineering Laboratory
Attn: Dr. W. S. Haynes (Code L—52)

F. Roach
— Port Hueneme, CA 93040

Naval Intelligence Support Center
Attn: Dr. H. Ruskie (Code 362)
Washington, DC 20390

Naval Ocean Systems Center
Attn: Code 922

J. McCartney (Code 251)
Dr. S. D. Yamomoto (Code 513)

• San Diego, CA 92152

Naval Ship Engineering Center
• Attn: A. Himy (Code 6157D)

Wash ington , DC 20360

• Naval Weapons Center
Attn: Dr. E. Royce (Code 38)

Dr. A. Fletcher (Code 3852)
N. H. Ritchie (Code 5525)
R. Dettling (Code 4575)

China Lake, CA 93555

10

1 1  - —_--
-

LI ~~~~~~~~~~~~ 
•

- - - —- - -~~~~-~~~-~~~~~~



I 1 2~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 

• .—.•.,-—.•- •r
~~~

.•• 

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

NSWC/WOL TV 78—174

DISTRIBUTION (Coat.)

Naval Weapons Support Center 2

Attn: D. C. Miley (Code 305)
Electrochemical Power Sources Division
Crane , IN 47522

Naval Coastal Systems Center
Attu: Library
Panama City, FL 32407

Naval Underwater Systems Center
Attn: T. Black (Code 3642)

J. Moden (Code SB332)
Newport, VI 02840

David V. Taylor Naval Ship Research and Development Center
Attn: A. B. Neild (Code 2723)

V. J. Levendahl (Code 2703)
• .J. Woerner (Code 2724)

H. R. Urbach (Code 2724)
P Annapolis Laboratory

Annapolis, MD 21402

Scientific Advisor
Attn: Code AX
Commandant of the Marine Corps
Washington, DC 20380

Air Force of Scientific Research
Atta : V. A. Ostery oung
Directorate of Chemical Science

• 1400 Wilson Boulevard
Arlington, VA 22209

• 

Frank J. Seiher Research Laboratory, AFSC
Attn: Capt. J. K. Erbacher (Code FJSRL/NC)

Lt. Col. Lowell A . King (Code FJSRL/NC)
USA, Academy , CO 80840

Air Force Materials Laboratory
Wright—Patterson AFB
Dayton, OH 45433

Air Force Aero Propulsion Laboratory
Attn: V . S. Bishop (Code AFAPL/POE—l)

J Lander (Code AFAPL/POE—1)

• Wright—Patterson Afl, OH 45433

11

I 
— —.•.•~• -i•—-” ~~

- ——~~ - - .—•~ — -V



V • - ~~~~~~~~~~~ . .

NSWC/WOL TR 78-174

DISTRIBUTION (Cont.)

Air Force Rocket Propulsion Laboratory
Attn: Lt. D. Ferguson (Code MRPA)
Edwards Air Force Base, CA 93523

Office of Chief of Research and Development
Department of the Army
Attn: Dr. S. J. Magram
Energy Conversion Branch
Room 410, Highland Building
Washington, DC 20315

U. S. Army Research Office
Attn: B. F. Spielvogel
P. 0. Box 12211
Research Triangle Park , NC 27709

HQDA-DAEN-ASR-SL
Attn: Charles Scuilla
Washington, DC 20314

U. S. Development and Readiness Command
Attn: J. V. Crehhin (Code DRCDE—L)

• 5001 Eisenhower Avenue
Alexandria, VA 22333

U. S. Army Electronics Command
Attu: A. 3. Legath (Code DRSEL—XL—P)

E. Brooks (Code DRSEL—TL-PD)
C. DiMasi

Fort Monmouth, Mi 07703

Army Material and Mechanical Research Center
Attn: 3. 3. DeMarco
Watertown, MA 02172

USA Mobility Equipment R and D C~~~and
A ttn: 3. Sullivan (Code DRXYB)

Code D~~E-EC
Electrochemical Division
Fort Belvoir , VA 22060

12

I - 
- •-----•————- ,—.-—-- - 

~.: -

- - - - —-•  -~--



—

NSWC/WOL TV 78-174

DISTRIBUTION (Cont.)

• Edgevood Arsenal
Attn: Library
Aberdeen Proving Ground
Aberdeen, MD 21010

Picatinny Arsenal
Attn: N. Merriman (Code SARPA—FR—S—P)

Dr. B. Werbel (Code SARPA—fl—E—L—C )
A. E. Magistro (Code SARPA—ND—D-4)

U. S. Army
Dover, NJ 07801

Harry Diamond Laboratory
Attn: A. A. Benderly (Code DRXDO—RDD)

V. Kuper (Code DRXDO—RDD)
• 3. T. Nelson (Code DRXDO-RDD)

C. Campanguolo
V Department of Army Material

Chief, Power Supply Branch
2800 Powder Kill Road
Adelphi, MD 20783

Department of Energy
Attn: L. J. Rogers (Code 2101)
Division of Electric Energy Systems
Washington, DC 20545

Department of Energy
Attn: Dr. A. Landgrebe (Code MS E—463)
Energy Research and Development Agency

• Division of Applied Technology
Washington , DC 20545

Headquarters, Department of Transportation
Attn: R. Potter (Code GEOE—3/61)
U. S. Coast Guard, Ocean Engineering Division
Washington , DC 20590

NASA Headquarters
Attn: Code R1~1Washington, DC 20546

NASA Goddard Space Flight Center
Attu: G. Halpert (Code 111)

T. Hennigan (Code 716.2)
Greenbel t, MD 20771

S

13

V— 

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

——— 

—

- 
V - VV ~~ -V_ -V -_ V- •-V~ 

_- --- ~VV•_-~



—.--~~~—-- •--- V 
- •

~~~~~
— 

~~
—

- - — - — - --~~—~~ ~~~~~~~~~~~~~~~~~~ 
V • V

NSWC/WOL TV 78—174

DISTRIBUTION (Cont.)

NASA Lewis Research Center
Attn: J. S. Pordyce (Code MS 309—1)

H. J. Schwartz (Code MS 309—1)
2100 Brookpark Road
Cleveland, OR 44135

I

NASA Scientific and Technical Information Facility
Attn: Library
P. 0. Box 33
College Park , MD 20740

V National Bureau of Standards
Metallurgy Division
Inorganic Materials Division
Washington, DC 20234 2

Battelle Memorial Institute
Defense Metals & Ceramics Information Center
505 King Avenue
Columbus, Ohio 43201

Bell Laboratories
Attn: Dr. 3. 3. Auborn
600 Mountain Avenue
Murray Hill, NJ 07974

Brookhaven National Laboratory
4 Attn: 3. i. Egan

Building 815
Upton , NY 11973

California Institute of Technology
• Attn : Library

Jet Propulsion Laboratory
4800 Oak Grove Drive

• Pasadena, CA 91103

Argonne National Laboratory
Attn: H. Shimotake

R. K. Steunenberg
V L. Burn s

V 9700 South Case Avenue
Argonne, IL 60439

Johns Hopkins Applied Physics Laboratory
Attn: Library

V. Rumpf
Howard County
Johns Hopkins Road
Laurel , MD 20810

14



r~~
1 _:i~’~’~ ~~~~ 

—

~~~~~~~~

—.-‘V

~~~

-—’-V--— 

~~~~~~~

‘ 
—

r
NSWC/WOL TR 78-174

: DISTRIBUTION (Cant.)

Oak Ridge National Laboratory V

Attn: K. Braunstein
Oak Ridge, TN 37830

Sandia Laboratories
Attn: R. D. Wehnle (Code 2522)

3. H. Van Domelan (Code 2523)
- 

- Albuquerque, 161 87115

Catholic University
Attn: Dr. C. T. Moynibsu (Physi cs)
Chemical Engineering Department
Washi ngton , DC 20064

University of Tennessee
Attn: C. Maaantov
Department of Chemistry
Knoxville TN 37916

University of Florida
Attu: I. D. Walker
Department of Chemical Engineering
Gaine sville , FL 32611

Applied Research Laboratory
Attn: Library
Penn State University
University Park, PA 16802

Catalyst Research Corporation
Attn: C. Bowser

N. Issacs
F. Tepper

1421 Clarkview Road
Baltimore, MD 21209

ESB Research Center
Attn: Library
19 V. College Avenue
Yardley , PA 19067

V 

- EIC Corporation
Attn: J. R. Driscoll

( C. L. Holleck
V 55 Chapel Street
• Newton, MA 02158

15



____

NSWC/WOL Ti 78—174

DISTRIBUTION (Coot .)

• Eagle—Picher Industries, Incorporated
Att u: D. V. Cottiug ham

J. Dines
D. L. Smith
J. Wilson

Electronics Division, Couples Department

P. 0. Box 47
Joplin , MO 64801

Eagle—Picher Industries, incorporated

Attn: P. B. Crayson
Miami Research Laboratories
200 Ninth Avenue, N. B.

• Miami , OK 74354

ElectrocbeatCal Corporation
2485 Charleston Road
Mountain View, CA 04040

Eureka Advance Science Division

Attn: D. Ryan
L. Raper

P. 0. Box 1547
Bloomington, IL 61701

V 

4 Foote Mineral Company
Attn: H. R. Grady
Exton , PA 19341

General Electric Company
Attn: V. D. Walton

R. SzwarC
Neutron Devices Department
P. 0. Box 11508
St. Petersburg , FL 33733

Gould, Incorporated
Attn: S. S. Nielsen

C. R. Ault
40 Gould Center
Rolling Meadows, IL 60008

CT & E Laboratory
Attn: N. Marihcic

B. Peled
40 Sylvan Road
Waltham, MA 02154

16

_______________ 
- 

V V ~~Vt~~~~~~~~~~~~~ 

V -



_________ - -— V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V ~~~ _ V _~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V-~~ • .~ ~~~ -w - ”,.--- ’r’ ~~~~~~~~~~~~~~~~ 5

NSWC,’WOL TV 78-174

DISTRIBUTION (Couit.) 
V

Honeywell , Incorporated
Atto : Library

R. Wa lk
• V. Ebner

Dr. P. 14. Shah
Defense Systems Division
Power Sources Center

- - - 104 Rock Road
Horsham, PA 19044

• Hughes Aircraf t Company 
V

• Attn: Library
Dr. L. H. Fentnor

Aerospace Groups
Missile Systems Group
Tucson Engineering Laboratory
Tucson , AZ 85734

KDI Score, Incorporated
Attn : L. A. Stein

F. DeMarco
K. K. Press

200 Wight Avenue
Cockeysville , MD 21030

Lockheed Missiles and Space Company, Incorporated
Attn: Library
Lockheed Palo Alto Research Laboratory
3251 Hanover Street
Palo Alto, CA 94304

P. V. Mallory and Company, Incorporated
V Attn: G. F. Cruze

V B. McDonald
V D. Linden

Battery Division
South Broadway
Tarrytown , NY 10591

P. V. Mallory and Company, Incorporated
• Attn: Library

Dr. A. N. Dey
V 

• 
Dr. H. Taylor

Laboratory for Physical Science
Burlington, MA 01803

Power Conversion, Incorporated
P 70 MacQuesten Parkway S.

Mount Vernon, NY 10550

17



— — ~~W~fl ~~~~~~~~ —

NSWC/WOL TV 78—174

DISTRIBUTION (Coot.)

Union Carbide Battery Products Division
Attn: V. A. Powers
P.O. Box 6116
Cleveland, OR 44101

Wilson Greatbatch LTD.
Attn: Library
1000 Webrle Drive
Clarence, NY 14030

Yardney Electric Corporation
Attn: Library

A. Beachielli
82 Mechanic Street V

Pawcatuck, CT 02891

Callery Chemical Company
Attn: Library
Callery, PA 16024

Kawecki Berylco Industries, Incorporated
— 

Atto: 3. B. Eorgan
R. C. Miller

I 4 Boyertown , PA 19512

Rockwell International
Attn Dr Samuel 3 Yosiin
Atomice International Division,

[ V~~ 8900 DeSoto Avenue
Canoga Park, CA 91304

Union Carbide
Attn: Library
Nuclepore Corporation
7035 Commercial Circle
Pleasantown , CA 94566

Ventron Corporation
Attn: L. R. Frazier
10 Congress Street

• Beverly, MA 01915

18



I 
-

~

— -V.--.- -V. ~~ V•~~W ~~~~~~~~ —

$SWC/WOL Ti 78-174

DISTRIBUTION COuti

Stanford University
• Atto: C. John Wen

Center for Materials Research
Room 249, McCullough Building
Stanford, CA 94305

EDO Corporation
Attn: B. P. DiGiannaatonio
Government Products Division
2001 Jefferson Davis Highway
Arlington , VA 22202

V Per ry International , Incorporated
Attn: V. A. Webster
117 South 17th Street
Philade lphia , PA 19103

Ford Aerospace and Comm2nicatiofls Corporation
Atto: V. A. Harlow

M. L. McClanah.n
Metallu rg ical Processes
Advanced Develop.ent-AeronutTOniC Division
Ford Road
Newport Beach, CA 92663

Globe Union Incorporated
Attn: Dr. V. A. Rizzo
5757 N. Green Bay Avenue
Milwaukee, VI 53201

University of Missouri , Rol la
Attn: Dr. J. M. Marchello

• 210 Parker Hall
Rolla, MO 65401

MI Research Corporation
Attn: Dr. Carl Perini
225 Marcus Boulevard
Hauppauge, NY 11787

V
~~~

V
-

19/20

LI
?EVIV-~c~



r 
~~V_~~ V V V . ~~~~ __ V__~V~_~ •~V V •~~fl

_________ V 
~~~~~~~~~~ 

—V..
V 

~~~~~ 

•

~~
‘

~~~~~~~~~

• -
~~~~~~~~~~~~ ~ L _ _ _ _

V 

-

P 

TO IJD 1$ 4PDATft4G ThE DI$TN(IUTICW LIST
POR NAVAL $U*MCE WEAPON$ c~$* •~ØE 

-

OAK TEQINICAL -REPORfl PUASE CO~~1T* 1141
PO~ $ U~~~: 

V 

- 
_ _ _

• TO ALL HOLDERS o~ ~~~I~ *y~I ?6~ k - - - 
_ _ _

- 
S W! WtUisz P. m~~~, ~~4. R-’33 - 

_____ _
-

- 00 NOT ~ETU1N THIS FOØM IF AU. INPO~ tATI0t4 ISCUI~ENT

~~~~P~~~~~~I~ V W~~IS~Je~O ~~~~~si ~~ D) 
_ _ _ _  

- V V

- 
V •• •

~~~~ • ~
--r~ c

\~~~~~r

~~~~~~~~~~~~~~~ t
V V V ~ V V ~V - V

N*W ADO~ **S-(M.. Z~p C~~~ V

0 ~*M~~* ?NI$ P*CIIJTY FØO ma D~sT*ImU?SOI. t..$V P00 ?ICHI ICA(. ~*P00T$ Oil THIS *USJICT.

• 
V V L 1 - V

NUNSEO OP COPIES 011*0*0 -

• •~

V -
~~~~

•.

:~~

Li 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



I

V V V •‘~~V.~~~~V •
~k 

? . -• - V - ‘ t~ * 3’WSILW$LIV

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_

i - V V 
V V V - - ‘ V

out ‘311% 3J.VAl~d ~O4 AL 1VN3d •

~~~~~~ 1VQI~~O

V 

~~~~~~~~~~~~ 
V

V

•~i•~~~;~~~;
- • . •

- _

• -
~ 

V
_
~ jV• V - -

‘
• ~

,,‘ ,. 
.1.’

J Vt ~t’
-
~ 

-,

f
t V~

V f 
~~~~~~~~~~ V 

• 
‘

~~~
‘VV 

~~

\V ‘~-~

‘
V 

V

S

V ~~~
•
~~~~

•‘
~V V 

‘, ;~~~~~~ V Vit- 
‘V~•1 ~ ~~~~~~~~ 

b
V 

! 

V 

• 

• :  

Vi

~

- -~~~ -~~ 

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


