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1. Research Activities

Work during the past several years has shown that under-
standing the effect of chemical bonding on adhesion requires
knowledge of a variety of chemical and physical phenomena.
Accordingly our studies have covered a broad range of related
topics. Among them are theoretical and experimental studies
of the mechanisms of failure of model elastomeric networks and
of elastomers containing rig;d inclusions. Elastomers of vary-
ing chemical stfucture and degree of crosslinking, and rigid
inclusions of varying size, shape, surface treatment and volume
concentration, have been used in these studies. Some measure-
ments of the velocity of high-speed cracks in simple elastomeric
materials have also been made, and accounted for in terms of
the speed of a stress pulse in stretched materials. Efforts to
explain an observation that silicone rubber adheres spontaneously
to itself, to metal, or to glass, eventually led to the discovery
of an unexpected slow decomposition reaction, and a parallel
bonding reaction. 1In addition, a detailed study of the role of
amines in the adhesion of polybutadiene to glass and to some
metals was made. Results were obtained both with high molecular
weight bulk polybutadiene and with liquid polybutadiene as the
soft segment of a polyurethane.

Results of recent studies have been described in detail
in eleven technical reports issued during the period March 1,
1982 to February 28, 1983, Brief summaries are given in the

next section of this report. The 15 publications and 11
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presentations related to this work and made during the same
period are also listed below.

Experiments are continuing in three main directions.
A more detailed examination is being carried out of the pro-
cesses of failure in an elastomer containing a single rigid
inclusion. It is hoped also to extend these studies to multiple
inclusions and to shapes other than spherical. A second series
of investigations is being conducted on the viscoelastic contri-
butions to the strength of adhesion and, particularly, into the
effect of the presence of non-crosslinked species on the ad-
hesion of simple crosslinked elastomers. A third series of
investigations involves studies of adhesion in the polybutadiene/
polyurethane system. Chemical and physical treatment; of the
surfaces prior to application of the adhesive layer have been
found to have marked effects on the durability of the bond formed.
Accordingly, it is intended to continue studies of the durability
of different kinds of chemical and physical bonds when exposed
to water at various temperatures and in some other environments.
Similar studies to those described in this report for the poly-
butadiene/polyurethane system are also being conducted with
polyurethanes containing polyetherglycols such as BAMO as the

soft segment.
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2. Results and Implications

Studies of Failure Processes in Elastomeric Materials

a) Tear strengths have been measured for a wide variety of
elastomeric molecular networks under threshold conditions; i.e.,
at high temperatures, low rates of tearing, and with swollen
samples. For all of the polymers examined, the threshold tear
strength was found to be proportional to the square root of the
average molecular weight Mc of network strands, in agreement
with theory. However, for the same M, and hence for similar
values of elastic modulus, different polymers showed major dif-
ferences in threshold tear strength. The tear strength of poly-
dimethylsiloxane networks was only about one-third as large

as that for networks of polybutadiene and cis-polyisoprene and
the values obtained for polyphosphaz;;e networks were only about
one-fifth as large, at the same M,. These striking differences
are attributed to differences in network strand length and ex-
tensiﬁility for the same molecular.weight. The threshold tear
strengths are shown to be in satisfactory quantitative agreement
with theoretically-predicted values on this basis (15).*

b) Polydimethylsiloxane (PDMS) networks having strands of
molecular weight in the range 11,000-36,000 have been prepared
by endlinking linear PDMS molecules of these molecular weights
with a tetrafunctional linking agent. Absorption of a series of
homologous linear PDMS molecules by the resulting PDMS networks

has been investigated. The diffusion coefficients at 70° were

* The numbers correspond to the list of technical reports below.
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found to be rather large, 1 x 107!? - 6 x 10~'’m?/s, and
approximately inversely proportional to the molecular weight

of the diffusing liquid, over the range 5,000-38,000. The
amount of liquid absorbed at equilibrium was relatively small,
10% - 80%, in good agreement in all cases with an especially
simple version of the Flory-Huggins theory when the heat of
mixing is made vanishingly small and only entropic terms are
retained (20).

c) Measurements have been made of the velocity of sound and
the velocity of free retraction for stretched strips of vulcan-
ized natural rubber. Both of these velocities are found to
increase markedly with increasing strain, in agreement with
earlier work. The velocity of sound is shown to be related to
the appropriate modulus of elasticity, defined by the slope of
the curve relating true stress to tensile strain. Values ob-
tained range from about 50 to about 800 m/s. The effects of
prior stretching and of stress relaxation on the velocity of
sound are shown to arise from corresponding changes in the mod-
ulus of elasticity at a given strain. The velocity of free re-
traction is shown to be directly related to the velocity of sound
in the stretched strip, and to the imposed tensile strain in-
creasing from zero up to about 100 m/s at high strains (1l6).

d) Measurements are reported of the limiting velocity of a
running crack in biaxially stretched sheets of unfilled and
carbon-black-filled natural rubber. The crack velocity was

found to increase with the cleavage strain ey and also with
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the st;ain e, parallel to the direction of tearing, reaching
values of over 100 m/s at the highest strain levels employed.
These crack velocities are shown to be close to those predicted
- by Mott's theory, i.e., about one-third of the velocity of
sound, when a strong strain-dependence is recognized for the

@S velocity of sound in rubber (17).

re Studies of Filled Systems

N ' ' a) A literature survey of the effect of the particle size of
Ry nonreinforcing fillers on the mechanical properties of elastomers
. and a critical evaluation of the literature results compared to
. new data from the authors' laboratory were made. The effect of
: filler content was also considered. The study demonstrated that
) qualitatively mechanical properties of filled elastomers in gen=
eral are a complex function of the filler's particle size (surface

to volume ratio) and loading (distance between particles). Quan-
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e
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titatively, properties were dependent on the system being studied.

by

Relative modulus, relative breaking elongation, relative breaking

stress and swelling ratios were functions of the reciprocal size

of the filler up to a particle size of about 140 um. With particles

s e doa e
WA

of larger diameter the influence on these properties was smaller.

R 8

When the distance between particles is smaller than their size,
R interactions in the volume surrounding the particles may become
the dominant variable (21).

Properties of Silicone Rubber

a) Lightly-crosslinked silicone rubber has been found to bond

spontaneously to polar substrates and to itself. The strength
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of adhesion increases linearly with time, eventually reaching

L::' the fracture strength of the rubber. The process is accelerated
by raising the temperature (activation energy ~ 60 kJ/g-mole), by
the presence of moisture, and by ammonia vapor. It is tentatively
attributed to hydrolytic decomposition of the polymer leading to
12 the formation of reactive groups which interlink with surface

%i groups, probably hydroxyls, on polar substrates, or with each

;i other in the case of self-adhesion (18).

3: b) The sol content of previously-extracted samples of lightly-
crosslinked silicone rubber has been found to increase during

prolonged storage under relatively mild conditions. Simultaneously,

»

_;f the tensile stress slowly decreases in samples held stretched, and
Jg; the equilibrium degree of swelling increases somewhat. Thus, the
:ﬂ polymer network appears to undergo slow decompgsition. This pro-
%; cess is accelerated by moisture, by ammonia vapor and by raising
% the temperature of storage. It is slowed down by prior treatment
o of the polymer with a silazane reagent which reduces the number of
%; residual OH groups. It is therefore attributed to hydrolytic de-
é} composition of the polydimethylsiloxane molecules, initiated by

Ef OH groups (19).

i; ' Role of Amines in Adhesion of Polybutadiene to Substrates

;3 An attempt to elucidate the role of amines in general, and
fﬂ of 3-aminopropyltriethoxysilane in particular, has been made in

; seve' "1 stags .,

fi a) T .s8t, the effect was examined of adding small amounts of

f' amine on the physical properties of dicumylperoxide-cured bulk

;; polybutadiene. The molar amount of amine added was of the same

‘o
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order of magnitude as the amount cof peroxide used. When aromatic
or cyclic amines were added, maximum stress at break and minimum
o swelling ratios were observed when the number of alkoxide radicals
generated was equal to the number of hydrogen atoms on the nitrogen
of the amines. The order of reactivity was thus no amine < aniline <
%Z piperazine < m-phenylenediamine. The greatest effect of aliphatic
amines also occurred when the concentration of primary amino groups
was equal to the concentration of peroxide; but the behavior was
complex and dependent on the backing against which samples were
molded. The higher rigidity and reinforcement of the polybutadiene
in the presence of low concentrations of amines was attributed to
ﬁ}' formation of chemical bonds between the amines and the polybuta-
diene (22). <

b) Secondly, the reactions that can occur between amines and

glass were investigated. Near infrared, infrared and nuclear

magnetic resonance spectroscopy studies were carried out of the

interaction of amines with 3ilanol groups, usually under ambient

?3 conditions but sometimes when heated in air. Additional evidence

. was obtained from gas ligquid chromatography, mass spectrometry
and elemental analyses. 1In order to assure a sufficiently high
concentration of silanol groups, triethylsilanol and fumed silica
were used as models for the glass surface. The mechanism of
interaction of aliphatic amines and of the aminosilane was dif-

w ferent from that of aromatic amines. Most notably, reaction of

aliphatic amines with carbon dioxide in the air and/or dissolved/

adsorbed in/on the silanol occurred almost instantaneocusly,

2 whereas the corresponding reaction of the aromatic amines with
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carbon dioxide was not observed under the experimental conditions
used. The carbamates formed underwent further reactions much
more rapidly than either the simple aromatic amines or the un-
modified aliphatic amines (23).

c) Next, the reactions that occur between the amines and the
polybutadiene were studied, using near infrared to examine the
influence of amines on the reactions of model olefins with dicumyl
peroxide. The model olefins were chosen to be representative of

typical internal and external double bonds found in polybutadiene.

The study has shown that in addition to serving as radical traps
the amines participate in other ways. Exactly what occurs de-
pends on the structure of the amine (24).

d) The effect was also studied of amine structure and concentra-
tion on theiﬁtrength of adhesion of peroxide cured polybutadiene
to a glass surface. Adhesion of polybutadiene to glass surfaces
is enhanced by incorporation of small amounts of amines into the
elastomer. An 80-fold increase in the work of adhesion was ob-
served in the presence of 3-aminopropyltrimethoxysilane. These
results are interpreted in terms of information givén in previous

reports (25).

e) Amines in general and:3-.aminopropyltriethoxysilane in partic-
ular have been shown to improve the adhesion of a polyurethane to
glass. At equivalent concentrations of amine in the solutions

used to treat the glass the order of increase in the work of ad-

v
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T

hesion was 3-aminopropyltriethoxysilane >> l,4-diaminobutane %
p-phenylendiamine > piperazine >> aniline. The polyurethane was

prepared from ARCO's hydroxyterminated polybutadiene, R-45HT,
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toluene diisocyanate, trimethylolpropane and N,N-bis(2-hydroxy-
propyl)aniline. The ratio ([-NCO]/[total OH]) was kept constant
and equal to 1.0. The swelling ratio, after curing, also re-
mained constant. As the -NCO content compared to polymer-OH
increased, the adhesion of the polyurethane to glas~< increased
initially, passed through a maximum for prepolymers with 6%

excess NCO, and then decreased again. Elongation at break behaved
similarly but ultimate tensile strength reached a maximum and then
stayed constant. The significance of these results is discussed.
Adhesion of the polyurethane to chrome-plated steel did not show
similar effects (Publication No. 13 in the attached list).

The principal conclusion from the five studies described in
this section was that amines become chemically bonded to both the
adhesive and the adherend. They contribute positively to the
strength of adhesion in direct proportion to the number of re-
active groups on the amine provided that it has at least two
functional groups and is able to become part of the elastomeric
network.

3. Technological Significance of the Research

The results described in the preceding part of this report
have clear technological implications in several fields. It is
now possible to predict from the chemical structure of a pro-
posed new elastomeric polymer what its strength will be under
extreme conditions. This is a notable scientific advance.

The maximum speed of movement of rubber sheets and the

speed at which they tear has been determined and explained. This
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is significant for the design of engineering devices: springs,
membranes and seals.

The observed reactivity and spontaneous bonding of
supposedly~-inert silicone rubber compounds has wide-ranging
implications wherever silicone materials are used: in medical
applications, as sealants and gaskets, etc.

Small amounts of amines have pronounced effects on the
free-radical crosslinking of polybutadiene and on its adhesion
to glass. This is relevant to the compounding of elastomers
for adhesion and to the reactions of amine-containing coupling
agents, widely used for bonding polymers to glass and other
substrates.
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A. N. Gent, "Aspects of the Adhesion and Fracture of Polymers",
presented at:

2: High Polymer Physics Division, American Physical
- Society, Dallas, Texas, March 9, 1982

- Inaugural Meeting, Tire Society, University of Akron,
. March 25, 1982

Virginia Polytechnic Institute and State University,
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Canadian Institute of Chemistry, Toronto, Canada,
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Ohio, June 10, 1982

Y IUPAC Symposium on Macromolecules, Amherst, Massachusetts,
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! P. Dreyfuss:

"Ring Opening Polymerization: Make the Initiator Work
- for You", presented at the Las Vegas Meeting of the
- American Chemical Society, March, 1982




oYM §&/83
2 DISTRISBUTION LIST
.\::
" No. Cooies  Mo. Cooies
Or. L.V. Schmidt 1 Or. F. Roberto 1
: Assistant Secretary of the Navy Code AFRPL MKPA
= (R,2, and S) Roem SE 731 Edwards AF3, CA 93523
08 Pentagon
A Washingsan, 0.C. 20350 Or. L.H. Caveny 1
. Air Force Office of Scientific
Or. A.L. Slafkosky 1 Research
Scientific Advisor Directorate of Aerospace Sciences
- Commandant of the Marine Corps Bolling Air Force Base
- Code RO-1 Washington, D.C. 20332
- - Washington, 0.C. 20380
= Mr. Donald L. Ball 1
Or. Richard S. Miller 10 Air Force 0ffice of Scientific
" 0ffice of Naval Research Research
o Code 413 g;;::torgge gf Chegical Scienzes
Ariington, VA ng Afr Force dase
& 3 22217 Washington, 0.C. 20332
- @ Mr. David Siegel .
% 0ffice of Na:g] Research 1 Dr. John S. Wilkgs, Jr. 1
Code 250 FJISRL/NC
2 Arlington, VA 22217 USAF Academy, CO  EoBko
:J Or. R.J. Ma Or. R.L. Lou B
. 0ffice of stz? Research 1 Aerojet . Strategic Propulsion Co,
Y Hestern OfFice = P.0. Box 15699C
X ;030 East Green Strest Sacraments, CA 25813
3 2sadena, CA ?1106 gﬂr.1véa. K«ngn 1
X Or. Larry Pesbles al-Syn L2b Inc.
7 0ffice of Naval Research 1 P.0. 3ox 547-
6 Summer Street, 31dg. 112D ,
3os3n, MA . Dr. Philip rowe i
°n 02219 :EZiDggl1is:ic Research Labs
= Ir. Philiip A, Miller 1 N a -
™ Qffice of Naval Research Code DROAR-BLT
9 San Franciscs Area Office Aberdeen °roving 3round, VC 210CS
One Haliidie Plaza, Suite 8§01 ’
g San isco, a Mr. L.A. Watermeier 1
% n Francisco, CA 34102 i;:xugag1istic Research Labs
o Me. Otto K. H
; ATl o, einey ! Cade ORDAR-3LI
” E1g&ln AFS, FL 32242 Aberdeen ??OV’:.’!’; Ground, 4D 27CCS
e Mr. . Gefsler ?P. W.HW. 'dhar‘-;;n 1
s AFRPL Sogmagder wissd
N Zdwarss AF3, 2z U.S. Army Missiie Command
res AF3, €A 92523 Redstane Arsenai, AL 25398

..............
...........................
.............




[ PRI Y AN

swd -

D P S LN

JYN

DISTRIZUTIOE
, No. Codies
Or. R.G. Rhoades 1
Commander
Army Missile Command _
DRSMI-R
Redstone Arsenal, AL 35398
Dr. W.D. Stashens 1
Atlantic Researzh Corp.
Pine Ridge Plant
7511 Wellington Rd.
Gainesville, YA 22065
Or. A.W. Sarrows 1

Ballistic Research Laboratory
USA ARRACCOM

ORDAR-BLP

Aberdeen Praving Ground, MD 2100S

Ir. C.M. Frey

Chemical Systems Division

P.0. Sox 358 :
84086

Sunnyvale, CA

Professor F. Rodriguez

Ccrnell Unfvcrsit{

School of Chemical Engineering
Qlin Hall, Ithaca, N.Y. 14883

Defense Technical Information
Center

D71C-D0A-2 ‘

Cameron Station

Alexandria, VA 22374

gr. Rocca C. Musso

Hercules Aersspace Division
Hercules incarscrated
Alleghany 3aliistic Lab
£.0. 8ox 210
Washington, 0.C. 21502

Simmons
Zglin

Or. Ronaid L.
Hercules Inc.
AFATL/OLIL

Z3iin AF3, PL 32842

v g c@aw

boat

Or. E.H. Debutts 1
Hercules Inc.

Baccus Works

P.0. Box 98

Magna, UT 84044

Or. James H. Thacher
Hercules Inc. Magne
Baccus Works

P.0. Box 98

Magna, UT 84C44

Mr. Theordore M. Gilliland 1
Johns Henkins University APL
Chemical Propulsion Infa. Agency
Johns Hopkins Road

Laurel, MD 20810

Or. R. McGuire 1
Lawrence Livermore La2boratory
University of Californie

Code L-324

Livermore, CA 84550

Dr. Jack Linsk 1
Lockheed Missiies & Space Co.
P.0. Box 204

Shtnyvate, T8 Caadld® ¥

Dr. 3.G. Craig 1
Los Alamos Mational Lab

P.0. Box 1663
NSP/DQ0, MS-245
Los Alamos, MM

Dr. R.L. Rabie

HX'Z [ MS-?SZ

Los Alamos ational Lab.
P.0. 3cx 1663
Los Alamos "M 37545

BB¢ R1an83%E8:ailY
P.0. 2ox 1663
Los Alamss, 0

87345

Y
-4\




YN

EACA
"""""

DISTRIZUTION LIST

No. Covies

Mr. R. Brown 1
Naval Air Systems Command

Code 330

washington, D.C. 20361

Or. H. Rosenwasser 1
Naval Air Systams Command

AIR-310C

Washington, 0.C. 20360

Mr. B. Sobers 1
Naval Air Systams Command

Code 03P25

'Washington, 0.C. 20360

Or. L.R. Rcthstein 1

Assistant Director
Naval Explosives Dev.
Engineering Dent.
Naval Weanons Station
Yorktown, YA 23631

dr. Lignel Dickinson L
Naval zZxplosive Br:nance

Disposal Tech. Center

Code 0

Indian Head, M0 20640

Mre, C.L. Adanms 1
Maval Qrdnance Station

Code M6

Indian Head, MD 20640

Mr, S, Mitchell 1
Maval Jrdrnance Statisn

Code 35253

Indian Head, M0 20640

Or. William Jolles ]

Dean of Research
‘aval Postsraduate School
Montersy, CA $3940

Waval %esearch Lab. 1
<ade 572C
Aasningsen, 2.2, 20378

E T I R S TN
...............
v % Y P A R

§/8%

No. Copies

Or. J. Schnur 1
Naval Research Lab.

Code 6510

Washington, 3.C. 20375
Mr. R, Beauregard 1

Navai Sea Systems Command
SEA 64E

Washington, 0.C. 20362
Mr. G, Edwards 1
Naval Sea Systems Command

Code 62R3
Washington, 0.C. 20362

Mr. John Boyle 1
Materials sranch

Naval Ship Engineering Center
Philadelphia, PAN 19112

Or. H.G. Adoiph 1
Naval Surfacs Weapons Center
Code R11

White Qak

Silver Spring, M0 22910

Dr. T7.D0. Austin 1
Naval Surface Weaocens Center
Code R16

Indian Head, MD 20640

Or. 7. Hall 1
Code R-11

Naval Surface Weasgns Center
White Qak Laboratcry

S{ilver Soring, MD 2CSi0

Mr, G.L. Mackenzie ]
Naval Surface Weapons Centsr
Code 1101

Indian Head, MD 20640

Or. X.F. Myeiler i
Navail Surface Wespenrs Center
Cade 3V

Whise Sak

Silver Soring, M0

20812




S P
PRI AN ]

AN 5

(A

e te ®atsfaYe T
.

vy

''''''''

DISTRIZIUTION LISV

No. Cooies
Mr. J. Murrin 1
Naval Sea Systems Commang
Code 62R2
Washington, D.C. 20362
Dr. D.J. Pastine 1
Naval Surface ueapons Cneter
Code RO4
White Qak
Silver Spring, MO 20910
Mr. L. Roslund 1
Naval Surface rWeapons Center
Code R122
White Oak, Silver Spring
MD 20810
Mr. M. Stosz 1
Naval Surface Weapons Cenger
Code R121
white Oak
Silver Spring, MD 20910
Dr. E. Timmet 1
Naval Surface Weapons Center
Code R13
White Qak
Sflver Spring, MO 20910
or. D. R. Derr 1
Naval Weapons Center
Code 388
China Lake, CA 938§
Mr. Les N. Gilbers 1
Naval Wearcons Center
code 3208
China Lake, CA 93535
Or. E. Martin 1

Naval Weasons Center

Code 3858

China Lake, CA 93535
Ve, R. Mclar:en

Xaval Weazons Center
Code 3272

33853

Shina Lake, CA

...........

€/81

No. Caoiss
Dr. A. Nielsen 1
Naval.Weapons Center
Code 385
China Lake, CA 93833
Dr. R. Reed, Jr. 1
Naval Weapcns Center
Code 388
China Lake, CA 93555
Dr. L. Smith H
Naval Weapcns Canter
Code 3295
China Lake, CA 33833
Dr. 8. Douda 1
Naval Weascns Supper: Canter
Code 3042
Crane, Indiana 473522
Or. A, Faulstich 1
Chief of Naval Technology
MAT Code 07168
Washington, 0.C. 2C260
LCCR J. Walker 1

Chief of Naval Material
0ffice of Naval Technology
MAT, Code 0712

Washington, D.C. 20360

Mr. Joe McCariney 1
Naval Ocean Systems Cenzar
San Diego, CA 921%2

Or. S. Yamamota 1
Marine Sciences Jivisicn
Naval Ocean Systems Center

San Uiego, CA $1232
Or. G. 20smajian !

Apolied Chemistry Jivision

Naval Shic Researss i -avelscrens

Center

Anngogids, Mo 21253

or. 4. Shuey 1
whkn and Haas somcany

- 2ama

:‘.Uﬂts"f .l 'l e ’ st . 333!

azan
-
ceSw.




L el Ol S L .
DL T I W B N AR R AL i A T AT s W e e T T T LS e

Ay Apr Ay

e € ey
“

(¢ 1Y
<
o
-

YN

(3 &
.
d l' ‘.tl‘d
P

i ae.

O‘a--'s"--q. 'S-

Meww i cwtt we

e
RV ERULS

AT
-
[

e, 3.5, %incaid 1 r. C.4. Vriesen

Strategic Systams Project Thiogkei Elktan Divisicn

b- .
Grtice P.0. Box 241
'~"6r:1°ﬂt ol tire Navy Slktsn, N9 2192}
. ’\ ci' 3’1 us . 1
0 tiazpmd - 17a Or. J.C. Hinshaw }
asm ”..bpg Jo'lwe ZOle . Thickc} Hasat;h D1vzszgn
1 P.0. Beox 52¢

Q

PR R

(XXI

-

N sratacic Svgtams Sroject 0F%i . .

. g,r; ,Zzgq uf?:“’ Project Jtfice Brigham City, Utah 83432

“ atw s tH ‘e

T fads §P275° e .
s ::‘?m:;:7. of tha Mav U.S. Aray Research (FFice i

Loarviant t ..r= ..av.' s M T Qes
N L- PO 2437 Chemical & 29¢lisgical Scienca:
ash 1...;-\.‘3!., ‘. 33 6 DiViSi"n
» -
. v 122

. dr. E.L. Thrachearton 1 :ég;aiog ‘i:a gle Park

;‘\ S'."."%'.z:'a‘: )¢>.ers _’”“:B.-': g?fice .lc ZG 59 i < )

X Dagariment of the Navy !

- (-1 Ar

(R ."-’J“-' !U'a

3 o . R. Tker 1
N kashinyton, D.0. 20376 325 Aa:ac,f« ,

3 3~. DA, Flanigan | ORDAR-LCE .

; A 52 Sover, H0 57401

™ e d N

- Funtsviile Sivision .
K - AmEs L3 R Dr' T. Sinﬂ"n '
X winesviiie, Alabama 35807 Muniziane 2 ractarata

Be. 6.5, Minsum 1 Proceliants and Cxn1s3ives

- Thiolal Pepsopasian Defsrca Sguinment Staff

“ e itt s Rt British E.mbassy

. n-.S.-s.é Jiv -Un 31ﬂf\ ’e °3"'| cepm' = Aug

g donegvilia, Alzhame 35307 v i2SSACNUSETS Ave.

2 TeRTiliSy mesete= ow Washingten, 0.0, 20002

N

e . 4 () - -

1 ol T'%'-'Jst'ﬂ.;, ! L7C 3. Loving !
- -5“:“?. :3'.';--:” vien AFRGL/LK

3 £iaton Division Edwards AF3, CA 3523

7 Z v, DX a=i

. P N 21329 - -

g Zikzon, D 2132 Srofessor Alan N. Gent ‘
. e e - 1 Ingtituce of ¢l mer Scisnce
- Zr. . RTEISh University of Akron
& inieRgr Akron, JH 22325

n nasatch Qivigise

5 g 243 7.0, Sox 3i- Mr. J. M, Frankle 1
5 Irismam Jity, UT 34302 Army 3allistic Researzh Lazs
. - . ARRADCCM

¢ se. T.E. ZaviZson 1 Code JRDAR-3L:

b Tornairal Dipgeenp Aberdean Dvoving Srouna, M0 chlalst
% Tadaizl Toenzeation

: uvararent Ir3tacs Grous

2 ®.5. 3¢x 0133

y 22530, Sl Leeg?

.- ta Lt R A T
[ W D WG P WS O W W YR WAL )




‘o KA ‘".1‘

%

-4,

e s

ek
AJ‘J

l.'.‘ ? i,

.
JALERNY

SYN

No. Conises

Or. Ingo W. May

Army 3allistic Research Labs
ARRADCOM

Code DRDAR-3LI

Aberdeen Proving Ground, MD 21005

Professcr N.W. Tschoegl
California Institute of Tech
Dept. of Chemical Engineering
Pasadena, CA 9112§

Professor M,D. Nicoal
University of California
Dept. of Chemistry

105 Hilgard Avenue

Los Angeles, CA 90024

Profegsor A. G. Evans
Universizy of California
Serkeley, CA 64720

Prafessor T. Litovitz
Catholic Univ. of America
Physics Depariment ’
820 Michigan Ave., N.Z,
Washington, 0.C. 20017

Srofassor 4, G. Knauss
Graduate Aersnaytical Lab
California institute 5f Tech.
Pasadena, CA 81125

Profassor Zdward Price
Georgia Institute of Tech.
Scneel of larcspace Ingin.
Atlanca, Zecrgia 30332

Jr. Xanneth Q. Hartman
sercules Aerospace Jivision
Hercyias ncorzoratad

?.0. 3o0x 210

sumaeriand, MO 21302

or. Thor L. Smish
i3M Research Lab
242.282

San Jose, CA

(Y1)

8133

-

8/8i

JISTRIZUTION LIST

Mo. Cocies

Dr. J.°P,.Marshall ]
Dept. 52-35, Bldg. 204/2
Lockheed Missile & Space Co.
3257 Hanover Street

Palo Alto, CA 84304

Ms. Joan L. Janney i
Los Alamos National Lab

Mail Stop 520

Los Alamos, NM 87345

Or. J. M, Walsh ]
Los Alamos Scisntific Lab
Los Alamos, NM 87345

Professcr R, W. Armstrong 1
Univ. of Maryland

Department of Mechanical £ng.
College Park, MD 20742

Prof. Richard A. Reinhardt 1
Naval Postgraduate School
Physics & Chemistry Dept.
Montersy, CA £23940

Dr. R. Sernecker 1
Naval Surface Weapons Center

Code R13

white Oak, Silver Spring, MD 22910

Or. M, J. Kamlet i
Naval Surface Weapons Centar

Ceode N

Ahite Qak, Silver Spring, MO 20812

Professor J, 2. Achenbach 1
Northwestern University

Jent. of Civil Engineering
Evanston, IL 50271

Or. N, L. Sasdekas 1
0Fffice oF Vaval Research
Mechanics “rogram, Code 227
Arlington, VA 22217

drofessor Karnetn Xuo
Pennsylvania Stata Univ,
Jast. of Mechanizal Ingineering

Univarsity Park, 74 18802




YN 8/31
DISTRIZUTION LIST
No. Cooies No. Cooies
Or. S. Sheffield 1 ONR Resident Representative 1
Sandia Laboratories Ohio State University Res. Ctr.
Division 2513 1314 Kinnear Road
?.0. 3ox 5300 Columbus, OH 43212

Albuguerque, NM 87185

Dr. M. Farber 1
Space Sciencas, Inc.

135 Maple Avenye

Monrovia, CA 91016

Or. Y. M, Gupta 1
SRI Intarnacional

333 Ravenswood AVenue

Menlo Park, CA 94025

Mr. M. HiN 1
SRI International

333 Ravenswood Avenue

Menlo Park, CA 94Q2%

Professor Richard A. Schapery 1
Taxas A&M Univ,

Jdeot of Civil Engineering

College Station, TX 77843

Or. Stennen Swanson 1

Univ. of Utah

Dent. of Mech. & Industrial
tngineering

ME3 30C8

Sal: Lake Cisty, UT 84112

Mr. J. J. 3yrd 1
Tniokal Cors. Huntsviile

dynesvilie Qiv.

suntsvilia, AL 35807

Professor G. D, Ouvalil
Washington State University
Depot. of Physics

Sylliman, WA 99783

=¥, T. Jickinson i
wasnington Staze Universisy

Jesz. 3f dwysics

32 iman, WA 89132







