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SECTION I

INTRODUCTION

Much of the emphasis thus far in the preparation of metal
surfaces for adhesive bonding has been for aluminum and aluminum
alloys because they are currently in use in commercial and

military aircraft. However, as applications constantly increase
for stronger, lighter materials operating at higher temperatures,
a need for surface preparations for adhesive bonding of titanium
and titanium alloys has evolved. Surface treatments such as

etches(l), abrasive slurries(z), and anodization(3)

techniques
to form thin and thick f£ilms have been developed. Previously
in the work in this laboratory various chemical treatments have
been evaluated(4’5’6). In the segment of work presently being
reported here, a model system is used to evaluate Ti6Al4V
failure mechanisms and interphase chemistry. It is hoped that
this model system in which thin, uniform gold films are evapo-
rated on the alloy surface will provide fundamental interphase

data and remove some of the variabilities caused by the adhesive

itself. Commercial adhesives are complex proprietary mixtures ’
which are difficult to characterize. They are also difficult
to detect in small amounts on the surface. It is recognized
that the adhesion of gold to titanium is not a direct analogy
to adhesive bonding, but certain similarities do exist. 1In
addition, the adhesion of thin metal films to other metals and
oxides is of importance in other technologies such as the semi-

Py

conductor industry.
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SECTION II
EXPERIMENTAL

The gold was evaporated from a tantalum boat in an ultra-
high vacuum commercial evaporator at pressures of less than 10'7
Torr. The exact conditions for rate of evaporation (substrate
temperature, etc.) is given with the sample in the text if it is
considered pertinent. Thicknesses of the gold were estimated
using a quartz crystal oscillator.

A series of experiments were performed in which deposition
conditions were altered to determine the effect on gold adhesion.
These experiments will be reported separately but may be summar-
ized as follows: best adhesion of the gold was obtained at the
best vacuum possible, on heated substrates (180°C). The deposition
rate had little effect on adhesion characteristics.

The surface chemistry of the alloy surfaces was characterized
both before and after testing by ion scattering spectrometry
(ISS) and secondary ion mass spectrometry (SIMS). This dual
method uses a low energy ion beam (1-3 kev) to probe the surface.
The ISS method (3M Company, St. Paul, Minnesota) measures the
energy loss when the probing ion scatters from the outermost
layer at the surface. The SIMS technigque measures the mass

spectrum of the sputtered ions which are removed from the surface

by the primary ion beam. Advantages and operating parameters
were outlined in an earlier report (7) and the experimental set-up

was shown in our earlier reports and papers(4’5'6'7) Surface

morphology of some specimens was studied using a scanning electron '
microscope, but will not be discussed here.




Sample

230-1

4

1

j 230-2
|

230-3
230-4

1 230-5

230-6

230-7

230-8

230-9

No.

TABLE I

ADHESION OF GOLD ON Ti6Al4V
ALLOYS TREATED IN DIFFERENT WAYS

Treatment

Boiled 30 min in Tap H20

Heated 30 min @ 500°F
(air)

Etched 2 min HF/H2NH4PO
(25m1/50g1/975m/H20

Etched 2 min

{ *
H281 4F6
Etched 2 min HF Si,

Anod. 50V phth**

4

Cleaned SB+D***, 2 hrg
uv

As Received

As Received, tape pulled
from surface

Anodized 20V in
HoSigFg

Result of
Purpose Tape Test
Form WBL All Au Removed
Form All Au Removed
Alkali
WBL
Etch Very slight Au
Surface Removal
Etch All Au Removed
Surface
Etch & All Au Removed
Anod,
Clean All Au Removed
Surface
Original All Au Removed
Surface
Add All Au Removed
organic
contam
Form No Au Removed
WBL at
oxide/
alloy
inter-
face

*Hydrofluosilicic acid 15%, uzo Sol'n

**phthalic acid, 2g9./1, H,0 Sol'n

2

***Abrasive Pad & Detergent with Tap Hzo
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SECTION III

RESULTS AND DISCUSSION

In order to determine the capabilities of ISS and SIMS to
deduce the locus of failure on these specimens, the samples
were given various treatments shown in Table I to produce
different types of failures. For instance, in 230--1 and 230-2
an attempt was made to form weak boundary layers of impurities
at the interface between the gold and the titanium. Previous
experience had shown that long exposure of titanium to hot tap
water results in the formation of a layer which contains the
elements commonly found in the water. Similarly, in 230-2,
heating of the specimen at about 500°F in air results in grain
boundary diffusion of alkali elements, such as sodium and
potassium to the surface with subsequent oxidation. Following
the surface treatments and evaporation of the gold on the
surface, a tape test was performed as shown in Table I. After
the tape test, the specimen was placed in a chamber in which
condensing steam media surrounded the gold film. Specimen
temperature was approximately 90°. Specimens were held under
these conditions for 48 hours. A second tape test similar to
the first was then carried out. Results of this tape test
are shown in Table II. Surfaces following each of these steps
were then evaluated by ISS and SIMS. Results of ISS and SIMS
data are shown for sample 230-1 in Figure 1. This specimen
which was boiled in tap water for 30 minutes shows the accumu-
lation on the surface of the elements present in the water.
The ion scattering spectrum shows oxygen and the unresolved
spectra from many of the elements, such as magnesium, aluminum,
silicon, potassium, calcium, and titanium. A small iron
impurity is also observed. The positive SIMS spectrum shows
the real utility of this technique as a complement to ion
scattering in that the mass unit resolution now allows the
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Sample

No.

230-1
230-2
230-3
230-4
230-5
230-6
230-7
230-8

230-9

TABLE TI

EFFECT OF CONDENSING STEAM ON
ADHESION OF GOLD ON Ti6Al4V SAMPLES

SHOWN IN TABLE I

Results of Tape Test 2

Mostly All Au Removed

All Au Removed

No Au Removed

Some Au Removed in Spots
Nearly All Au Removed

All Au Removed (very easy)
Nearly All Au Removed
Some Au Removed

No Au Removed

Adhesion
Change From
Test 1

Slight increase
No change
Increase
Increase
Slight increase
No change
Slight increase
Increase

No change
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separation of near atomic number elements, such as sodium,
magnesium, aluminum, silicon, and the group potassium, calcium,
and titanium. The same surface, following the initial tape
test, is shown in Figure 10, The figures are arranged to show
the sequence of the original surfaces followed by the titanium
after the Au strip and then the Au surface is shown following
this strip. Finally, the titanium from the stripped surface
following the exposure to steam is shown and then the matching
gold surfaces after this steam exposure are shown. In some
cases interfacial failure did not occur and so spectra could
not be shown for these failure surfaces. An example, then, of
a series showing the same surfaces and interfaces following the
tape test is shown in Figures 1, 10, 16, 22.and 28 . Note

in the specimens following testing compared to the original
specimens that basically in the weak boundary layer the same
element exists but the ratios of these elements vary from
sample to sample. Note also in the samples in which the

SIMS spectrum is obtained from gold on the tape that lithium

ig always observed. Lithium is a highly mobile ion placed on
the tape in the form of a proprietary compound to keep the

tape from sticking to itself. As can be seen from the figures
in the specimens in which a weak boundary layer was purposely
created failure does take place in this weak boundary layer.
Note also that on the failure surfaces some amount of gold
remains and the gold is easily identified by the ion scatter:ng
spectrum. The presence of gold on the weak boundary layer
suggests a mixed mode failure has occurred. This is similar to
many adhesive bond failures where the failure occurs along an
irregular area which contains elements of both the adherend and
adhesive. The SIMS spectrum also shows the redistribution of
elements. Spectra from the gold surfaces stripped from the
sample during the tape test also suggest that significant
amounts of the elements in the weak boundary layer remain on

the gold. 1In addition to the appearance of these elements in

the spectrum it is evident that significant coverage exists on

iAo drai




the surface due to the observation of attenuation of the gold
signal. An example of this attenuation is shown in Figure 16.
Here first the ion scattering spectrum is shown with the rate
meter set at 100,000 counts per second full scale which would
normally be obtained from the gold if it were not contaminated.
It can be seen that the spectrum that was obtained from this
surface is approximately 10 times smaller. The Au atoms
apparently are shielded by the elements in the weak boundary
layer which are now on the gold surface.

The specimen heated in air at 500°F shows large amounts of
sodium and potassium on the surface along with the alloy ele-
ments aluminum and vanadium as shown in Figure 2. The ISS
spectrum observed following the tape test is shown in Figure 11.
It shows only a small trace of gold present on the surface and
apparent failure within this weak boundary layer containing
alkali elements. In many adhesive bonded specimens showing
apparent interfacial failure this same alkaline rich weak
boundary layer is often present. Perhaps in some cases these
alkali elements diffuse to the surface by grain boundary migra-
tion during curing of the adhesive bond. The gold surface
shown in Figure 17 also contains large amounts of alkali metals
although the ratio of sodium and potassium is changed. The
meaning of this change is not known.

Numerous interesting features were observed in the spectra
from the samples treated in different ways. For instance, in
Figure 3 from the specimen etched in HF/HZNH4PO4 the phosphorous,
normally not particularly sensitive in positive SIMS, is
observed along with the cluster ion pot. In addition, the
ion scattering spectrum does not show the characteristic
pattern of titanium oxide. The surface after the gold was
removed is shown in Figure 12 and indicates virtually complete
gold coverage. The SIMS spectrum shows fluorine, aluminum,and
titanium on the gold surface suggesting either the removal of
gold in slight patches or the diffusion of those elements
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through the gold. The treatment given to sample 230-5 which
included anodization in phthalic acid at 50 volts shows in the
SIMS spectrum a large intensity of TiO+ compared to Ti+. Such
intensities of the molecular species observed in the SIMS
spectrum may be an important clue to the activity and bondability
of titanium surfaces. Other changes in the molecular cluster
spectra such as the increased amount of TiOH+ or the apparent
change in molecular species from oxides to fluorides may be
equally important. Such a suggestion is shown in Figure 9
where CaF+ ions at mass 59 and TiF+ ions at mass 67 are
observed from the spectra obtained from the surface of the
sample anodized in hydrofluosilicic acid. The presence of fluorine
on the surface and at the failure interface is to be avoided.

It was found in previous work that an anodized oxide could be
prepared in a fluorine containing bath to produce a film having
fluorine concentrated at the interface and consequently a weak
boundary layer. If these surfaces are bonded with a strong
adhesive such as an epoxy .and caused to fail, particularly in a
test showing pure sheer, the failure usually takes place along
this weak boundary layer between the metal and the oxide.
Following both tape tests gold was removed from the oxide
surface and failure did not take place at the oxide metal inter-
face. Apparently the peel test does not place sufficient stress
on the interface. Paradoxically, however, the gold adheres much
better to this anodized surface than to the surfaces prepared
chemically. When these gold coated anodized surfaces were
bonded with a stronger adhesive and the specimens flexed to
produce sheer at the interface then failure did take place at
the oxide metal interface. These results point out the neces-

sity of having the proper test to determine effects of surface
preparation on bonding.

The fluorine on failure surfaces of the aforementioned
specimen is obvious in the ISS spectra of Figure 33. These

surfaces were sputtered with several inert gases and elemental
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profiles prepared by Auger Electron Spectrometry. These ele-
mental profiles show in addition to the concentration of fluorine
at the oxide metal interface that the adhesive has penetrated
into the oxide at appreciable distance beyond the original inter-
face. Such an AES elemental profile is shown in Figure 34.

This is a compound AES profile produced by sputtering the metal
failure surface and the oxide failure surface.

Each of the treatments shown in the accompanying data
resulted in specimens which failed at the interfaces which were
expected although the easy interfacial failure of surfaces
exposed to UV/O3 is not understood. Only surfaces etched with
HF/HzNH4P04 along with the anodized surface mentioned earlier
showed any reasonable adhesion. Exposure to condensing steam
with the sample near 100°C results in improvement in the
adhesion except where alkali rich boundary layers exist or

where adhesion was good and no gold was removed initially.

This improvement of peel strength with exposure to high
temperature and humidity has the opposite affect normally
obtained with adhesive bond on treated titanium specimens.
Longer exposures to high temperatures and humidity did show
degradation of bonding in other specimens. Exposure to high
temperatures (dry) showed enhancement of bond strength probably

due to diffusion mechanisms. Perhaps in this series we are
observing an initial improvement which would be followed by
degradation. It may also be that the simple peel test is not
definitive for the surface treatments used here.
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SECTION IV

CONCLUSIONS

This initial set of specimens in which adhesive bonding
was modeled by gold adhesion showed that surfaces could be
prepared which produced failures similar to those found in
adhesive bonding. ISS/SIMS was found to be a sensitive method
to determine locus of failure and the change of composition at
interfaces following bond testing. Failures which appeared to
be adhesive actually were found to be mixed mode failures or
failures in a weak boundary layer. Experiments in modeling
adhesive bonding will be continued using different treatments
and gold evaporation conditions.

10




REFERENCES

1. T. Smith and D. H. Kaelble, AFML-TR 74-73, June 1974.

2. G. W, Lively, AFML-TR-~73-270 Part I, January 1974 and i
Part II, Augqust 1975.

3. Y. Moji and J. A. Marceau, U.S. Patent 3,959,091,
May 25, 1976. 1

4. W. L. Baun, AFML-TR-76-29, Part I, March 1976.

5. W. L. Baun and N. T. McDevitt, AFML-76-29, Part II,
May 1976.

6. W. L. Baun, N. T. McDevitt and J. S. Solomon, AFMIr
TR-76-29, Part III, September 1976.

7. W. L. Baun, AFML-TR-76~30, March 1976.

8. W. L. Baun, "Formation of Strippable Films on Ti, Ta, and
W", AFML TR 79- (to be published). . |

11




e

1-0£z °1dwes woaj e3ed SWIS/SSI "1 2anbtd

Sjlun Sseul otwoje
09 0s ov ot 0t ol

W TR R T

_ R

=

12

S S/

. 1r0eT Y

A00SZ




z-0€z o1dwes woxj eied SWIS/SSI "Z 2InbTd

A0O0SC

m.::dmwmﬁ_J.Eo.q
On:

0¢
:::::Em: i :3:555 : EE:QEEE,EE

E}zég T T

13



€-0€z oTdwes woxy ejed SWIS/SSI ‘£ 2anbrg

Ol 6’ 8 am\ L 9 S sltun Ssew ojwoje g
PR AR 5 L dgsmapen.aseepan: AN L ..
e) d | W,_zn_ C o) [ R R RIS LR GERRTNERR AR ROE:
t
7 f oN
¢ o¥
oL
:\w
SS | M
€ 0€2 A00SZ L

\ - . - . R
N i e s ml s sl S i B 4 AT A o b B

I S

e




p-0cz orduwes woiy BIEQ SWIS/SSI "y 2I0bTJ

o'l 6 8 Om_\ L 9 s 1 [ sjtun Ssgw o1wole
41414-}.1‘-1-‘—4—4-——ﬂﬂqqq_‘«mq_wdmw: ﬂ-—%ﬁﬁ oo om . Dﬂ\ Aom ON O‘~
SR E YOO | T A AT T T T
j jéj
ol |
[
A w»
M IV
Jy PO DN
z
|
SS }
y 0€2
ADOSZ | SIS +
[ 4




G-0€Z ©Tdwes wox3y e3jed SWIS/SSI °S aanbtd

Syiun mmmE SlIwio}e
a9 0¢ 0¢ 0t
ﬁ::::::aﬂ::____::E::::E:: :::::EES
‘ 0D ©
/
felit N v
J
DN
SS
¢ 0€Z 2«.\%‘5
B r 0052 SWIS +
4
- - - o v )
t e . i dkviomue n il it




9-0€z @Tdues woxy e3ed SWIS/SSI °9 2Inb1J

Sjiun Ssew diwojle A
09 0§ oy o¢ 0z ot
T I T T T ,mﬁﬁm
1
g
_ ,
HO =
+u +O
N Jieu . sz
pPasodx3 AN | |
AP-IVQ~1] SS | |
9-0¢ee B0 | SIS +




L-0¢z o1dwes woiy eledq SWIS/SSI L sxnbtd

sjiun sseul ofwoje
06 o€ 0t 0l

ov
Eﬁ::_ ::j : T AT AT T

e Y

18

< 2\

ON

L 0¢E? f

SIS +

AOOSC F ! I




g-0£z °1dwes woxl ejed SWIS/SSI °g 2InbTJI

sliun Ssew SjwWoje
as oy .

09 o€ ac Gi
I T R E A AR RERRERE

e T

TR e = v by T A W mMBRRLT ©

19




TRy

6-0cz ordwes woxy e3ed SWIS/SSI 6 @Inbrg

sjlun SSew Jolwojle

09 05 or ot 0z 0l
TR TIITTT THTTATT
; _ W™ A
ol |
.
A It o
{ _ * ! ~
; M & ,
: | ON
o U. IS E!

6 0EC

e e s ——




dti3s Ny 1933V T-0€¢ ordwes woxy e3ed SWIS/SSI 0T ainbtg

m N .
S gjiun ssew otwoje
| ] 09 0% ov ot 0z 01
| S| [mmmmmm AT
! Vil
; / |
PN PN w
> :
W/ m m _ H.mZ
" dil}s ”.
Ny i9})je
FOte A 00SZ m“ SWIS +




dra3is ny as3gzy ¢-0€¢ aTdwes woiy ejeq SWIs/ssI *IT @anbrg

dii)s

SHun ssew o1woje
ov o¢

09
T Fe

S5 MO0l

22

ny 19jje

c-0¢€e

SWIS +




dti3s ny I93IVY €-0€£Z Tdwes woay ejed SWIS/SSI ‘2T @anb14g

Sjlun sseuw Jlwoje
09 0§ ov ot 0¢ (O
T A A T
W Ml !
Z
L3
3 | EN
v &
- €-0€2
- SS |
| dii}s
Ny Jia}je
L vote A0O0ST SWIS +




dta3ls ny I933¥ p-0€C d1dwes woly ®B3IEd SWIS/SSI

‘€T @2anbryg

o't 8 owmm 9 G ﬁr Sjun Ssew orwole
A HHH a9 0% ov ot 0z 0l
T iR I O i R
._2 jjs]j_\!llir
iy
o) 2
X .
h ED Y
_
L N BN
SS |
disys
ny J19})je
r-Otc AGOST -0t SWIS +




dta3ls ny 1933JV §-0€g oTdwes woxy eied SWIS/SSI

‘pT 2anbtd

09

06

sjiun sseuw oIwole
ov o€ 0c

Y )
I 2>
JV
Ol
A
JL EN
SS |
dii}s
ny idjje
S-0ec
A00SC SWIS +

A AR LR RRAARL

ol




1!""‘ -

dri3s ny 1933V 9-0£z oTdwes woiy eied SWIS/SSI ST 3Inbrg

O} 6 8 om N 9 S S)Iun wmmE o_:_o_m
% %ﬁx&ﬁmﬁ 0§ 0t ol
eD d | _Nzu_ ::_:j_i:g::ja::::::_:::: THITT
ny
muv o~
x
™
= SS |
¥ dii)s
ny 191}e
9-0€e A0O0SZ




1-0€2 @1dwes woij paddri3zs proo woij ejegd SWIS/SSI 91 2anbig

ny

nv1-0ge

SS |

A0O0SZ

1

0y

spun Sseu orwoje
) ov 0t 0¢ 0

t
T TERTTII T T T T s Ty

HOBIN"

27




7-0£z o1dwes wox3y paddrays ploo woIy eieQd SWIS/SSI

‘L1 2anbta

ol & g "3, /-

9 G SHIUN SSE W

09 06 ov

/
PR AT A 3.

-

lﬁ
e d _m_wz

ny

nvZ-0ec

+
~

DO
0t 0¢ ol

UL SRR - T

»OOL §

SS |

A0O0SZ | Fl

B

T eh

)

JV :
EN

——— .

SWIS +

28




€-0€Z oTdwes woxy paddrals pProo whiy eieq SWIS/SSI 81 @anbtg

.O.P 6 8 om\ A 9 g ﬂ Sjtun sseu onwo)e
R, 3. I AT 09 06 _ov o0t 0z Ol
eD d _,m__\w,_z 4 0 D T T T T
MOOL |
w7 N
ny MOL i
SH
i\
@
|
SS |
EN!
_
._ nv £-0¢e ‘A 00SZ ﬁ SWIS +

29



p-0cz oT7dwes woizy peddrais proo woiay eljed SWIS/SSI

61 @anbrg

09 06 ov

ot

S}lun Ssew diwWwole

(014 ol

T A e T TH R T

{ TN
AV
eH
ny ) |
SS |
EN R
— nv1-0ee A00SZ ﬁ SWIS +
) /;t«l rt.. T LT A Y S N

30




. bt
g-0gz ordwes woxy paddtals pPToOH woxy e3ed SWIS/SSI 0z @anbtg

s | I Sj1un SSew olwoje
09 0S ov 0¢ 0t ot M
r j
MY/
MOl Y
°H
EN -
M
Ny
SS |
: SIS -+
nvS-0ee >oommb




9-0£z ordwes woxj paddrais proo woxj eied SWIS/SSI  “1Z 2Inb1d

q.\ S)jrun Ssew osrwoje
09 0 0¢

S 0 0¢ (ON1
T T T T T,

32

SS |

SWIS +

NYQ-0¢€e A0OST

|




R hatlEE A I e R

d1I3s pT1o9 pue 8by pruny butmolrod T-0€¢ @7dwes woiJ ®ied SWIS/SSI ‘2z 2anb1d

o'l ) 8 3,71 9 S S)jtun Ssew olwoje
FFFEEFEFFTRRTEIA Tk, 3 S AR 09 0§ oy oc_ 0 Ol
eD d mm_z“_ O 0 T T A AT vy
T L
¥ po |
\ R
|
il /
~._ MS
| )
Y
SS | 7
-
groce ooz g1-0ce SIS +




dr13s p1oo pue aby pTumH Hutmoliod z-0£Z @Tdwes woxy ejed SWIS/SSI ‘€z 2anbig

v

. . 0 . : : —
Ot 6 8 3. !/ 9 ) ﬂ\ sjiun ssew olwole
09 0S or o€ 0z 01

TIHTHR TR T A AT RTATTHITHTHH T

SeX

SS |

dc-0e2

AN00SZ




dtx3s p1oo pue 26y prwnd buTtsolTod S-0¢¢ oTdwes woxy eied SWIS/SSI %< aInb1d

o

s}liun sseuw O:codm

%ﬁ%ﬁ% 09 o5 _ov o 0
5 TR TTRTTTERTFRTT AT
T a

o'l & 8 °3 5

TR 2
€D d |

ny ii

Jur
o
o

m

Z

o7<£

gs-0ee o o Tomies

A0O0SZC i

Gl g > ol




dra3is pTo9 pue 9b¥ prung burmoriod 9-0fgZ oTdwes woly e3ed SWIS/SSI °6Z 2anbtJg

ﬂ Sjiun Ssew olwoje
09 0§ ov 0t 0z 01

HHH T T T TR TR AT AR T T T Ty
T Y T

36

ol

| | A00SZ

89-0€2 ﬁ i SWIS+




r

drIas proo pue 9by prunH burmorrog L-0f£z 2Tdwes wolj eied SWIS/SSI 97 2anbtd

sjiun Ssew olwoje
09 0S ov ot 0z 01

37

SS |

! g/-0ec
SIS +

AO0O0SZ

g9/-0c¢c k

e e o g




<

dri3s p1oo pue 9by prumy HBuimoTTod 6-0£Z @Tdwes woiz e3jeq SWIS/SSI °LT aanbrg

sjlun ssew Jtwaole
09 0§ ov o€ ot o1

38

v SS | *

86-0ce
g96-0€2
AOOST F SWIS +




aby ptung butmoriod 1-0fz or1dwes woxy paddrIzs Proo WoIy e3eqg SWIS/SSI *8Z @anbrg

O’ 8 omxwm. 9 S’ S)Iun SSeWw JlwWole
FHH HHH 09 0§ ov 0t 1§ 0l
B) d | m_z 4 0 T T AT T T T
Ty
“ . _
0o ||
f
_ i
v _
N N
\ \
SS | BN
_
noosz | | v qloee SWIS +

39




oby pTumy BUTMOTTOd z-0¢Z oTdwes woiy peddrIls pIop WOIy ©3IBQ SWIS/SSI "¢ oanb1d

o)l 6 g °3, 1 9 ] S)tun Ssew ojwoje
J 09 0§ or ot 02 01
ﬂ T T T AT T
' &V—\
3 SS |
U  nv8z-oe2 poose | | SWIS +




aby prumHy 1933V ¢-0£Z ©o71dwes woxj paddtalis proo woaj eied SWIS/SSI  “0f 2anb1J

o) 6 mdM\ L g I spun ssegw orwoje
i e R e 09 o5 or  of ot 0l
J €O dIgENd O O THTF T T T
Uj
(
SS |
ny 86-0£2 A00SZ ‘ SWISH

41




———— -,
T rp—

3by ptuny butmorIod 9-0f£Z ©Tdwes woxy paddrialsS proo woxy eied SWIS/SSI °T€ aanbid

ol 6 8 ow\ .l 9 3 q,l S]lun Ssew dlwole
3 09 0S5 ov o€ 0z ol

a €0 d fYeN S O 5 | [T

w ‘
0| &4
B

“
_\ W
M m

+

| ) +
:._. Ny 99-0¢2 A00S2Z r , _. SNIS




9by pTwnH HUTMOTITO4 (-0¢Z STdwes woxy paddrals prod woiy eijed SWIS/SSI  “zg¢ @anbig

oL 6 8 om\ 9§
TSI ,% ik s 0o Atun Ssedl OIHoI®
m_z :::5555:_5:5 THHITHITITT 5:55 T
8\_7 j/ k
.x\
SS |
ny 8/-0¢€e A00SZ




F Na%\l P Ca
¢ M

.5

.6

7 E 8 .9 1_O

Figure 33.

Ion Scattering Spectra from Oxide-Alloy
Failure Surface a. Oxide Surface
b. Alloy Surface
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