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The objective here is to provide some idea of needs and
opportunities for future research with potential for providing new
capabilities for Army systems. The technical objectives of the
program are 1. to discover the atomic, molecular and macroscopic
processes governing deterioration and adhesion of materials, 2. to
provide improved materials stability and longer term performance
capability for Army systems, and 3. to educate the next genera-
tion of skilled scientists in areas of Army research opportunities
and needs.

Two principal thrust areas,(1) Beam Technology and Sur-
face Modification and (2) Non-Destructive Characterization of
Materials and Processes, are the templates for fulfilling the techni-
cal objectives of the program. New directions in nondestructive
characterization, adhesion, non-equilibrium processing of refrac-
tory materials, ultrastrong laminates, green processing of corro-
sion resistant coatings and superhard coatings will be reviewed.




Research at the University of Wisconsin, Milwaukee (Caro-
lyn Aita); has provided a characterization scheme (metastable
phase maps) for refractory metal oxide sputter depositions. These
results have depended on careful spectroscopic plasma character-
jzation and determination of the crystallinity of films with x-ray.
XPS and other methods. The University of Michigan (Bilello,
Yalisove and Srolovitz) refractory metals laminates project where
synchrotron topography and double crystal diffractometry tech-
niques and theory are being applied t0 monitor and predict residual
stresses and properties of nanolaminate materials.

A current program in chemical analysis with low and medi-
um energy ion beams is underway at Vanderbilt University (Robert
Weller). A new form of backscattering spectrometry using medium
energy ions and time-of-flight detection has been developed that is
particularly useful for characturizing surfaces ant' thin films.
Currently some scaleup of the results is being accomplished with
the cooperation of Semitech and Sandia National Laboratory.

A. Chemical[Biological Defense:

Previous work at the University of Connecticut, Koberstein,
in the mid to late 1980's was cofunded by the National Science
Foundation and related to surface tension measurements of poly-
mer blends. At the same time at Cornell Kramer began seminal
work to measure true diffusion coefficients of organics in polymer
glasses with Rutherford Back-Scattering Spectrometry. After this
work sompleted new efforts applying positron annihilation meth-
ods to pc'/mers were started and are continuing. Their aim is o
determine polymer free volume and its relationship to aging and
transport in polymers (Case Western Reserve, McGervey, Simha
and Jamieson).

B. Surface Modification/Beam Technology:

Although initially work was aimed at identifying unique
properties of beam-treated materials, a growing awareness arose
concerning environmental problems with plating wastes and the
chemical solutions required for routine coating. This caused a




second look at what alternates were available. Some directions
were identified that potentially could reduce the costs of the new
technology. Lawrence Berkeley Laboratory’s lan Brown, an innova-
tor in high current sources for implantation, was cofunded with
the Office of Naval Research to further develop his technology.
University of Wisconsin-Madison (John Conrad), has been evaluat-
ing the potential of Plasma lon Implantation (PSll}. The Madison
group has had continuing transfers of technology to industry
(Kearfoot-Singer) for space bearings, the auto industry and direct
interactions with Army organizations ie. Corpus Christi Army
Depot, Army Materials Technology Laboratory and Rock Island
Arsenal. Their method permits non-line-of-sight implantation w'th
relatively uniform doses.

C. Adhesion and Adhesives:

The previous sections as they relate to bonding and coating
technology have already touched on some of the approaches to
improved adhesion. A new STM effort addressing ceramic-metal
bond integrity is ongoing with Arizona State (Ig Tsong). At Cor-
nell, Ed Kramer is applying fracture mechanics and neutron
reflectivity measurements to understand polymer/glass inter-
face/interphase chemistry and improve bonding strengths in
composites and other systems. Problems relating to effects of
adhesive tackifiers are being addressed at the University of Akron
and imaging of adhesive bonds is being attempted with electron
holographic techniques at Stevens Institute of Technology.

D. Non-destructive Evaluation:

The strong subfield emphasis on materials characterization
as reviewed above (hydrogen analysis, STM, laser diagnostics
etc.)is included in the non-destructive characterization area. An
ongoing program in the area is being carried out at the University
of Houston {Salama) with the cooperation of the German
Frauenhofer Institute for Non-Destructive Analysis in Saarbrucken.
Here metal matrix composite third order elastic constants are
being measured as a function of temperature. The results are
useful in formulating mechanical equations of state for these
Materials. Additionally, several new small business programs have
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been initiated addressing NDE needs in chemical biological materi-
als.

I. New Needs and Directions:

The Army of the next century will require greater mobility,
less reliance on logistics, and the ability to project a strong force
quickly into a potential troublespot. Such requirements can be
translated into lighter weight systems and increased reliability.
Higher temperature/pressure operations lead to increased efficien-
cy but also increased stresses on equipment and munitions. New
materials including lighter weight ceramic engines, a range of
composite materials, graded coatings, and new polymers/elas-
tomers will be required. Novel hard materials such as CVD dia-
mond and cubic boron nitride are already being considered for
unusual thermal and wear resistant applications. Smart coatings
that provide stealth effects (neural control of color and emissivity),
decontamination capabilities, self repair etc. are within the realm
of possibility. New non-destructive techniques are required both
to assess remaining system life and to provide in-situ monitoring
of quality manufacturing. Additional research will be required to
improve tribological properties of ceramics. Coatings and camou-
flage for polymers and polymer composites will have increasing
importance. All new materials and systems processing will have to
respond to increasing requirements for environmentally benign
processing and recyclability. Since systems performance can
often be significantly accelerated by technical breakthroughs, it is
difficult to say what else to expect. Our ability to construct and
characterize materials at the nanolevel will certainly reap future
basic research dividends, many of which are now unforseen.




SANOYHA

AHITILYY

SINSSIN

SOILSIDOT

SHOSN3S

SNOILVYOINNNINOD

SIATOIHIN A3-HONYV

SH3I1dOOIN3IH

ONISSIO0Hd/S3AILHIAJd0OHd
JAILLISNIS 30Vv44dNs

NOI1LO3104Hd 3IA3

dSN343a g0

H11v3ls

ALIMVHLIAT

SOILSIDOT

ALIMEGON

NOLITIIMSOX3

HOWYHY AQOd

SNOILVYOI'lddV ANYY

o




Sv8l 186 c89l €66 S1v1i0l

0S¢ 6S ey 98 HNISSID0Hd NLISNI
/yZ 861 Ity 601 JDIAHISNI
o) c6e 0 €9¢ S30OV4HILNI/NOISIHAY

NOILYZIg310vdvHD JAILONYLSIANON 11

0§ "H3H10
986°L TET 961  €LT NIIUD/LIHVYWNS/NOISZHAY
9006 VIl 009  S¥I SILVNIWVYTONVN
0 68 1s¢ LI H3SV1/NOI S

(Lv) (3HOD) (V) (3HOD)
Y6Ad €6 Ad

NOILVOIGIGONW 30vVAdNS/ADO TONHOSL Wv3d ]

NOILO3LOHd 8 ALIAILOVIY ‘NOILVAvdodd




AONVLSISTY NOISOUU0D ddAOUdNI «

NOISHHAV AdAOUdWI *
SINTWLVAYL WyEd NOLDH T «

SY4AV1 AALISOdddddd

¥ SVO IO ONIAOTTV NOILV.LNV 1dI NOI 92d10S VISV »

JOVIUNS AZIYVNVId » J4N - AADONW - dAD

NOLLVZIHJYOWY « NOLLISOdad A4ONVHNG Wvdd NOI »

SHONVHD ADOTOHAYONW NOLLVINVTdNI NOT»

INFWANEATY INOZ OV:RINS - SYdsvi e

SLOAAAH :SAOH.LHIN

INANLYILL GOVERINS TAAH DINOLV
STVIIALIVIA A0 DNISSHOOUd WVHd




NOILVINVYIdINI NO! 3DHNOS YIWSVY1d JZINILN
Ol A3IWHOH YAHO ‘NISNODSIM 4O ALISHIAINNASVIIND »

SHIONVHOX3 1vaH HOd DNILVOD IV
JUNLVHIGNIL HOIH ODNILSTL S| OO DNILHDIM ANVISI ONOT »

d011/03aY- J13WNIVO/MHL OL
QIHHIASNVHL ONILVOD NOISHIANULD HINALSVYH] OLNV »

. ISWVYHODOHd HO103S IALVAIHd HO ‘aed
ANWHY OL SNOILISNVHL IN3O3H 40 S31dNVX3

SONILVOD NOISHIANOD 33H4-3LVINOHHD »
SONILVOD NID INVLISISEd HVIM »
ONILVOD IV IHNLVHIHWIL HOIH »
STLVNINVIONVYN ONOH1SHIINS «

SAYVMY 00LHI OML «

'SINIWHSITAWODDV LN3D3H

YIIANOS ‘NOILVIAY ALMIGOW 1HOJdNS 34 »
‘ZIONVAT13H AWHV

NN VINSY 1d SHNLVININ

WO

vt Bt o3 -] Q Ld z <]
Losib bzl Loheehinduabudostin ud

ONI 'STONI3IOS LNV IdNI «

gV IVNOILYN N3AVHIOOHS -

N

NYOIHOIN 4O ALISHIAINN «
ALISHIAINN TTIINHOO

JSIAVIN ‘NISNODSIM 4O ALISHIAINI «
LNDILOINNOD 4O ALISHAAINI | »

SHINWHO4HId HOrvin

NOILVOIJdIAON IOVAHNS/ONIHIINIDNI Nv3g
STTVIHILVIN TVHNLONYLS -v3advdNns
ION3IOS STVIHILVIN 1O

1SNdHL
HOHv3S3Y
ANYHV
|




WNNIWNTY - OIS - (3NILSIYd) d314IdOWNN
NOILLYNIWVLNOD NOJINIS - S30V443LNI d3I41Id0N
AdOOSOH103dS NVIWVYHOUOIN B NVIAVY

S3LISOdWOD XIHLVIN TVIIW OIS/WNNINNTY »

NOISOHHOD Q3ZIMvO0T1 HO ONILLID IVNININ - SL1NS3Y

SNOID3Y IAILOV ATTVOINTIHO TvOO0T LV - SNOILYHINIONOOD WNIY30
SONILYOD 1NV1SIS3Y-3AdIHOTHD

SONILVOD IAILDI10Hd WNNINNTTY d3Sva-WNIY30 -

(DSN ‘@134SNVIN B VIGINNTOD - "OW AINN ‘FLIHM)
SONILYOD 40 NOILVZIHILOVHVHO IAILONYLS3IANON




ZINC PHOSPHATE COATING MORPHOLOGY




NOID3YH VOO 1 HOIH-WNIY30
d31v3dl-3A1¥30

asdiastossdansdisa

Aywony

g§ge8gR-~°

103ro4dd UNO A8 Q3dIAOHd SITdNVS ‘H34SNVHL

3DNVLSISIH NOISOHHOO A3ZIMYOO1/ONILLId A3AOHdWI TVILNILOd

NOID3YH T¥OO1 HOIH-WNIH3O
Q31v3dL-3did30

«3INILSiHd.

=T T T

88"

g8

g

(VIEWNT0D ‘O ‘AINN-ILIHM) S3OVLHNS 911909 TV
SISATVNV AVH-X JAISHIdSIA ADHINS




SIVIHILVN ONOH L SHAdNS
SANIODNT FHN1vHIdWIL HOIH -

SNOILYOlddY ININIAGAI0NW - NILSONNL

WO1V 3aa3aging - AHO3HL

SAIHAIOHTIAON —
S311H3dOHd TVOINVHOIN
AONINDIHI « $35S341S WNAIS3Y e
! S3SSANYOIHL HIAVT o
NOILLVYZIH31OVHVYHO
._ SHI1INVHVd HIMOYD FONVHI \ :
S
,m.b

H1MOYD dAD

STLYNIAVIONVYN V13N - V14N

(NVOIHOIW AINN - ZLIAOTOHS ‘IACSIVA ‘0TI 1I8)
SHNILYOO AHOLOVH-3H




SHJYHDOHOIN WAL

‘ONIY (011)
OW 40 HOL1D3S .S} LNIIHO HYTIWIS HLIM SNIVHO
40 SdNOYD HO SNIVHD TWNAIAIONI - LHOIEE

ai3id ¥uvd

SYIAVT ONINTHLONIHLS WOW - »uva
SHIAV] ONINIHONOL OW - 1HDHE

1314 1HOIEE

(NYOIHOIN 40 ALISHIAIN)
SAIVNINYTONVN

STIVIHILVN ONOHLSHAdNS
SANIDNT FHN1LVYHIdWNIL HOIH

‘ mZ.O_bqO_._n_n?. IWNNIAGAI0N - NILSONNL




SIVIHILYA DIWVHIO FIVNIWVIONVN «
SONILVOD diN31 HOIH LNVLSIS3d NOISO’HOO -

SONILVOD GINTHODNOL NOILYWHOASNVHL -

ANHY
3HNSO10SIA IN3LVd |+ *

SW € 'QUdy 'SNOILYOINENd a3uy343Y -

ADOTONHOAL DNILVOO G3IAOHNWI -
JON3I0S

:S440AvVd

TOHINOD ADOTO! IJHOW/IVHNLONYLS +

(43QHOSIa-H3AHO) NOILVZIU3 10VHVHD TvHN 1ONYLS -

39V 110N 3A0OHLYO HOLINOW «

(STAIILINAXO 8 S3AILIN ‘S3AIX0
IVI3N NOILISNVH1) AHLSIWIHO H31L1NdS HOLINOW -

S3I1H34OHd Wld -
INIFWNOHIANT HIMOUYD -

SH31INWVHVYd SS300Hd *
SJIHSNOIIV1IBHIINI GNVISHIANN

:3IALLOArdo

‘HOVOUddV
ABVYHI DINITOONON % INNIOA
001 (4] ] [¢]°] [+ 13 oe 09 oy
S
3|
° 5
‘\.. ~
! (2}
\\\. Ve w ooz
- v |oe
[ 4 o
- -1, &
. ﬂ G
5
L 4 w %oOot 3
3
[+F4

ojujjoouoy (L11)
uonnqmsig eseyd eluoodiizZ

DINYMTIN ‘NISNODSIM 0 ALISHIAINA - VLIV "I
SHNILYOD AHOL1OvH43d

”

/




SWYIH TVOIGIWoIg ‘AW-THY ‘(HOLO3CNI TVNOILYNHILNI ‘OVENY «
SNOILOVHALNI ADOTONHOZL »
SNOILVYOIddV LN31vd OML «

-S1'iNs3d

S1INIWNOHIANT
NIDNI 3LVINNIS NI SONILYOD 2OJZ 1S3l »
ONILYOOD NIXOIHL O1-aGvdl «
SHIAVT NOILISNVHL A3AVhkD »
NOISNA41a-NI NIOAXO «
1NIIENY NIDAXO -NOILVLNVIdNI NOI IZ »

INTFWIDVNVIN AVHOOHd

STOOL SNILLND «
(s321A3A 21T3IVJOHLHO) SISTH.LOH »
NOI1LD310Hd HOLO3IrNI 19S31d «

:SNOILVYOI'lddV

(ONI STONIIOS LNV 1dINI - HIXMNNE)
SONILVOD JOINVHIO AHO1OVvH-d3d




et I OLn GOV 3 LLANAO WALV

VNIINIYTV NLUIN (15001 § SOar 3 , ‘
SV SSHANHODMOL 3ANLOVHL ADVAANS SV SANIDAY AVHNINLLSOADIIN
AETS | ,
4 ( W2 |N) esoQ B
) Z o “ ' " {, w3 suol) 3SOC IVIIdAL
wooe 1B w0t ot ot o 98.«
" i T (1%
- nol 001 "
MO0l 05z B _
°
N86” o0€ M SNOHJHOWY \ INITIVISAHD
(o] . '
o5t g ) B iyl bl el L
3 : :
METS oy B m m
2 oo _
_ X ”
00's m..
A001 ®
0§'S L - _ I I
No6¥”

AVAM ANV NOLLOT:A
NOLLVILNV IdINT NOI




(A?) 4Biouy Buppuyy

T L4 T
E INC o T
& 23ej1n : 228108
T d ( I N (v)
i 1 1 1 Al '

»

D058 y=mI/ T8 @1%y "IN A%Y ST

(Ae) ABi1eu3 Bupp g

0981 0’88l 0061 rd:1} 0'v6l
v T

A® 808}
Nd

A® 999}
sia
uRy | = ew)) se)ndg
MO0Y B Ae ST = ABusul sseg
pe 8% pue p 1wy N - vOS3

I3 'S 1 1

€81~ 991 6BI- L6I° §6I- 96C- 666- TOP- 50V~

(SAANAOA0D ¥ NA)

(SHANAOALNOD 22 AU

1]

AN

apnyidwy eanelay

‘Nd

LNVORRIANT AI'TOS ONIDNAOYLNI Ad
SHILYHdOUd TVOIDOTOHIY.L dAOdd NI

“SSHALLDHUTIO

Jo058 LV NOLLVINVIdINI NOI -+N

TVANNYVY Y4SVT % NOLLVINVIdII NOI -4 N

SAHIOVOUddV

ATV NOJOd
SLNANWLVHYL dOVAINS




w0 e T Vo™ o oo LNHIDLLIHOD
A NOLIDIM AT¥IMOT »

HT1dVIODIdHdd
HAOW AHLAOS ATLHOTIS

SAONVHD

UonRWY Jo JUadFa0)

i uid [@a3s
9 ST e ey e 2 5 o TANLDMALSOUIIN THAON
” pejverjun *guy oqn) O |

N TOVOUddY

SHLIYHdOdd
TVOIDOTOUNLL (THAOAJINI

SIALLDHTHO

- : -~ .

Q_w%/x_z ® SIAUAL “MSHTVZ)
VINOOUIZ NO WNINV.LIL
ONLETHIN 445V’




AHVIGIWHILNI AINOI
VINSY1d/HASYT/NOL - *STFHOVOHddY

| ASVYH ‘ANOWVIA ‘ONI STONIIOS INVIdWI

| ASVYHd ‘Ng ‘ONI ‘"HaIMOd 30VdS »

| ASVYHd ‘1 ASVYHd ‘NO-ONOWVIQ 'av1 'S »

| 3SVHd ‘ND “ONI ‘S3IHLSNANI STVIHIALVIN IVHNLONYLS »
Il ASVYHJ ‘NO ‘Ng “ONI ‘SMHIMNOI «

| ASVHd ‘NE “ONI ONOWVIA IS

S103AroYdd SSANISNG TIVINS
SONILYOD SIVIHALYIN AdvHHAdNS
HNISSIO0Hd WNIHEITINOA-NON

¢ , AL
orx TEAD 1D IoqQuIne




SNOULNAN/AVYI VININVD «
AULIANOSAITTH »
SHNOINHOHAL DId0DSOULOHdS YHAHILO *

(SUVD) NVIAVY SHMOLS-LLNV LNHUHHOO «

NND NOWIDATd AdST10d - ISV«

o 0

ONIOVINT HAVA TVINUHHLL
HNLL TVHY - SISXTVNY AVY-X e
SISKXTVNV WVHY NOI »

IDIHAVMDOTOH »

TOULNOD N.LIS-NI 01 SAOHLAN
AAVININS




(1dv) saNnog
JAISIHAV 40 NOILVZIHILOVHVHO OIHdVHOOTOH NOHLO313 »

(NMOLHHOA ING1)
NOILISOdIA AD 40 SISATVYNY IWIL Tv3aH ANV 30HNOS NO!

ISVI/HOILINGS
OL NOILVZIHILOVHYHO INVNIWVLINOD HI4dVYM NOOMIS «

'SWVHOHOHd HOLD3S F1VAIHd HO ‘God
AWHY OL SNOILISNVHL IN3034 40 S31dANVX3

ALIHODILINI 1INS agD AOHI3W 30N M3N «
NOILISOd3A AAD SISATYNY 3WILTV3Y

'SININHSNHWOOOV LINIO3H

AAVIH 1VEWNOD 3SOT10

'YIIATOS ALNFOW 'ISNI43Q TVOINIHO THOJINS LVENOD «

‘JONVATT3H AWHY

130v4 () €xe O1s-vi34

@
€

-

.

a

~

9

<

IME YRR T

L} .
» nows r as
fots b hoai o
e
e ant

s aa

ALISHIAINN SAH3S3Y NYILSIM ASVO -
ADGTUNHO3L 40 31N1LILSNI SNIAILS =
‘ONI va.m>>ZO_ .

NILSNV - 3LNLILSNI HOYVAS3H SVX3 1.«
NOLSNOH 40 ALISH3AINN -

ALISH3AINN LIGH3ANVA -

ALISHIAINN J1VLS VNOZIHV «

1IN -

SHAIWYHO4H3d HOMVIN

NOILVZIH31LOVHVHO FAILONHLSIANON
STVIH3L1LVIAN TVHNLONYLS -V3advdns
A0ON310S STVIHILVIA 1O

1SNYHL
HOHVY3S3d
AINHY

2/




SAINVAINOD T¥OIWIHO SININ1HYIIA 3 "OQHN ‘03043 'av1 F11LLvd
-SHASN

ONILSAL Aldid -
STVIHILYW 40 DNILSAL HY3m a31vd3 100V »
ONIHNLOVANNYN 1M 1531 3dALOLOHd «

ININJOT1FAIA INVHLINId INFOSIHOMN1d »

‘HOVYOHddV

(NLLSNV ‘LSNI HOYV3S3d SvX31-Avdd)
S1INS TVOINIHDAYIIDO01019 DNILSAL FAILONYLSIANON




"UNO ‘'SV19N0a-1vNOAJOW

VIgWNI09 IHNOSSIN

SS3ANISNG TIVINS ‘HOZLINAS 'VIANYS 119HIANVA
V113IHHVIN NILHYIN A=NLIHM 8 11vHd ‘vdHv NVOIHOIN
Q4O "OIHLO313 TVHANTD ‘AW-IHY ‘OaUN 1IN
AW-1HY ‘a3 aY 1NOILOINNOD

OINVSNOW ‘SOINOH 10373 INOdNA ‘MOa T1dNHOD
AnW-1av ADOTONHOIL 1SNI SNAaATLS

13N39-03adv

‘WO 8 SONWVIV SOTHLIM vadd ‘an-1dv
‘ILSIHHO SNdHOD “TYNISHY ANV1SI YOOH

SH4SN

ADINVMIIN ‘NISNOSIM

NOSIAVN ‘NISNOOJSIM

SAILISHAAINN

d4uSNVHL ADOTONHOAL

NOILOd10Hd @ ALIAILOVAY

NOILvavyo3aa




‘09 14VHOHIV SY19N0ad dTvNOJOW ONI ‘ANOWVIA IS

HIIVIMNOWWOD "NMOIIHOA NI ONI "‘SHHIM NOI
"LNI ‘“OVEWY “13S31d SNIWWND ‘AN 1HY S3ONIIDS INVIdWI
304a ‘1443 ‘0014l "O3ayv AT1HIE JONIUMY']

31NLILSNI HOHV3IS3Y
SYD ‘J0A "ONILHDIM ANV1SI ONOT

dOLL ‘LANMTIVO 'SHANILSVA-MHL '03auVL NIAVHIOOUH /sz
SH3SN H19S/dv 1 1¥YNOILLVYN
H34SNVYHL ADOTONHO4L

NOILO310Hd ¥ ALIAILOVIH ‘NOILYAvdO4d




-.zu SUBHNANTIAY.
___oof }I|I||||E~MH¢| -

-

oTTT NE

»TT NU —

or

SIN L NU-D 78 NU-1 A0 U NOISSHNSNVYIL

£o

o1

i

#3035 483Indsy
Pi®1§ 2PPOS

A

S0 oS 50333330
ayuyxhawwou)d a>ur0§
sua yubis 40w wouggnon

s Ajouy

a0y 404
resg pesg

+OH A% S

ST Ng-D ddAV'1idd
40 HLMOUOD AT TTIOULNOD -

:SHALLOHTHO

SISATVNYV dOVAU0S
N.LIS-NI 2NSSHYUd HOIH

g0UN0S NIOOULIN OINOLY
XNTd HOIH - Wvdd avodd «

"HOVOUddV

(ZITNHDS 2 SUH.LVM "HLINS-SUddId)
Ng TVNOOVXHH % DIdNO

NOILLISOdAd WVHd DINOLY AdTTOULNOD

A
;




