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The resenveh done during the perfod December 1, 1979 Lo May 31, 1980

coverad the following arvcas:

I. Analysis and summary of a number of the samples recelved in two scparate
shipments £rom the Boedng Co. Specifically, the following analyses or
summaries, have been made:

A. 'The results of the scanning electron microscopy (SEM) and electron
spectroscopy for chemical analysis (ESCA) studies of the unprimed 'Pi 6-4
coupons supplied by the Boeing Co, as shipment #1 are summarized in a SAMPE
paper. A copy of that paper submitted for presentation at the SAMPE
meeting in Seattle in October, 1980 is included as a part of this reporc.

B. Scanning electron microscopy (SEM) of some of the fractured samples
of adhesively bonded Ti 6-4 specimens supplied by the Boeing Co. as shipment
2. [sce Table I.)

C. Blectron spectroscopy for chemical analysis (ESCA) of some of the
fractured samples of adhesively bonded Ti 6-4 specimens supplied by the

Boeing Co. as shipment #2. [see Table I.])

IT. The oxide layer present on the surface of Ti 6-4 is believed to play

a major role in determining the strength and durability of adhesively

bonded structures. It is not clear from the literature in what crystalline
phase this surface oxide layer exists. This surface oxide layer in situ

is amenable to analysis by some surface analytical techmniques such as SEM,
ESCA and reflectance infrared spectroscopy. On the other hand, because of
the low surface area of the Ti 6-4 coupons, a number of surface measurements
are precluded such as surface areas and heat of immersion. In order to
more fully chavacterize this oxide layer, four 'l‘iO2 powders in both the
rutile and anatase forms have been studied. The following measurements

have been obtained on these powders:
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D.  SEM photomicerographs and ESCA spectra of four TiOz powders have been
obtained,
E. Determination of the surface area and suvface acidity of the four
T102 powders.,
¥F. Determination of the heats of immersion of the four Ti02 in water,
k in m=crescl/xylene and in dilute solutions of poly(puenylquinoxaline) in
m~cresol/xylene.
The results of the above analyses of the four Tioz powders are summatrized

in Table IL.




TABLE I

ANALYSIS OF FRACTURED Ti 6~4 SAMPLES FROM
BOEING SHIPMENT #2

Sample Description SEM ESCA v
}" caA®-ppQP-R1® X
450¢ X
CAA-PPOQMLP-RT X
450 X
PFB“-PPQ-RT X X
450 | X X
PF - PPQML-RT X
450 X

8CAA - chromium acid anodize
PFB - phosphate-fluoride (Boeing)

bPPQ - poly(phenylquinoxaline)
PPQML - poly(phenylquinoxline) Modification

“lap shear test at room temperature (RT) or 450°F
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0! + SPECTROSCOPIC CHARACTERIVATION OF TVIANLUM 6-4

’ SURFACES AFI'ER CHEMICAL PRETREATMENTS
I Wen Chen, Ranjani Siviwavdane and J. P, Wightman
‘ : Department of Chemistry

Virginia Polytechnic Institute and
State University

§ Blacksburg, Virginia 240061
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1Several techniques have been used to study pre-

' tronted T1 6-4 surfaces including scanning ¢loec-
tron microscopy (SEM), electron spectroscopy of
chemical analysis (BESCA), and, reflectance visi-
ble spectroscopy. Each pretreatment type gives
o characteristic surface morphology as scon by
SEM, Flemental analysis of the Ti 6=4 surfaces
wias done using ESCA. 'Pfrace residual contaminants
from particular chemical pretreatments are identi-
fied readily. Reflectance visible spectroscopy
using indicator dyes placed on 1i 6-4 surfaces
appears to be a feasible approach to establish
surface acidity, Differences in surface acidity
have been observed using bromthymol blue on
Ti 6-4 surfaces pretreated by two different
methods.

1. INTRODUCTION

Titanium 6-4 alloy is a highly alloys are protected by an

stabilized, alpha-beta phase inherent oxide film at low

alloy, using aluminum as the and moderate temperatures,

alpha stabilizer and vanadium but are subject to oxidation

as the beta stnbilizer(l). above 523 K (4800F)(2). The |
v These impart toughness and nature of this oxide film bas |
; strength at temperatures up been the subject of a number N

(3-10) ; |

‘'to 627, K (7500F). Superior of papers

'in corrosion resistance to ¢

sy

One of the most important '

PR

imnny mﬁtnls, titanium and 1ts considerations for joining of
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Citanium and iLs nlloys by
ndhesive bonding s Lthe pro-
treatment ol the surlace
prior to bonding. A vavioety
of specialized surface treat-
ments(ll) have been developed
over the past decade, and in-
creasingly sophisticated mea-
surements are being usecd to
characterize the surfaces in-
volved., The use of sccondary
(6)

L (4

Auger electron speclroscopy,

Lon mass spectroscopy

ion scattering spectroscop§12)
and scanning “transmission
electron microscopy(la) is
noted., Work has been report-
ed (3,4,14,15) on the char-
actorization of titanium 6-4
surfaces after phospbate-
fluorice ang alkaline pre-
treatments. In cvery case,
an oxide film is formed. The
role of this oxide film in
determining bond strength and
bond durability is not yet
established as judged by the
contradictory evidence in a

3-5
number of recent papers< !

7-10, 14,15).

(16-19) in our

Previous work
laboratory has been directed
towards a fundamental study
of adhesion with particular
emphasis on analysis of the
Ti 6-4 surface. The objec-
tive of the present work was
to characterize Ti 6-4 sur-
faces after a variety of pre-
treatments with emphasis on

scanning olechron microscopy
(SEM), oloctyron speclbroscopy
for choemical analysis (KSCA),
and, rveflectance visible
spectroscopy.

2. EXPERIMENTAIL
2.1 MATERIALS

The Ti 6~-4 coupons used in

“the SEM and 6LSCA studies were

supplied by personnel at the
Boeing Company after the
following six chemical pre-
treatments:

(1) chromic acid ano-

dize with fluoride,

(2) phosphoric acid

anodize with fluo-
ride,

(3) Pasa-Jell 107,

(4) phosphate-fluoride
(Picatinny modified)
Turco 5578 alkaline
etch and,

(6) RAE process - an

~~
(1]
~

alkaline hydrogen
peroxide etch,

Details of the process para-
meters for each of the abovo
pretreatments are available
on request. The Ti G-4
coupons used in the reflec-
tance visible spectroscopic
studies were supplied by per-
sonnel at the NASA-Langley
Research Center. These cou-
pons were pretreated by the
pbosphate~fluoride and Turco
5578 methods, .

L
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2.3 PROCEDURES

SEM photomicrographs nt var-
tous magnl Clentions wore ob-
tainoad nt 20 kV on an
Adgvanced Metals Resonreh
Model 900 scanning cleetron
microscope, Mo=t SEM sanmples
were run after ESCA analysis,
A thin (220 am) £ilm of Au-Pd
alloy was vacuum evaporvated
onto the samples Lo enhance
conductivity, ESCA data were
collected on a dulont G50
eloctron speclrometer with a
magnesium anode nnd an annlog
output, on an x-y recorder,
The carbon 1s photopeak
taken at 284.0 ev was used to
evaluate the work function of
the spectrometer, Circular
(G.4 mm or 32 mmz) samples
were punched from the Ti 6-4
coupons and mounted on copper
sample probes. The atomic
fraction (AFi) of the i-th
element contained in the sur-
face was calculated according
Lo equation (1)

AT, = Moy (1)
SAL/Gi
where Ai ts the arvea of the
i-th photocelectron peak and
g, is the photoelcectron

i
Sh . 9)
cross-scetion, (20)

Color changes of acid-base

indicators spread from solu-
tion onto freshly pretreated
Ti 6-4 coupons were detected

ol e

using diffusge velleetaneo
visible speelrvosseopy,  DEtate
naueons #olutlons of hrom-
thymol blue, thymol blue,
bromphenol blue, and, brom-
cresol greoen were wsed as
indicators having a ranpge of
pKu values, 'The rvofleclance
spectra were obtained on
Cary 14 spectrophotometer.

3. RESULTS AND DISCUSSION
3.1 SEM/ESCA OFF ANODIZED

Ti 6-4

A representative SEM photo-
micrograph of chromic acid
anodized Ti 6«4 is shown in
Figure 1. On the substrate,
there appears to be a surface
layer containing minute
cracks or fissures of irregu-
lar shape., At the highest
magnification (X 10,000), the
whole surface layer appears
to be sponge-like presumably
due to the presence of small
diameter pores not resolved
in the SEM. The ESCA results
for this sample are listed in
Table I. The binding encrgy
(BE) in ev of each photopeak
and the atomic fraction (AV)
for each clement calculated
using equation (1) are tabu-
lated. In addition to the
photopeaks for ubiquitous
carbon and for titlanium and
oxygen, significant quanti-
ties of nitrogen and fluorine
were detected. The bindiﬁg
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cnorgy of nitrvogen sugpests
the presence of a nitride,

It is worthwhile to note that
the same nitvogen photopoenk
wns observed on the T4 G-4
surface following all six
pretreatments., The fluorine
peak appeared as a doublet
with the higher binding energy
peak at 687.6 ev being the
larger. This result suggests
two different bonding states
of fluorine in the surlace. A
representative SEM photo-
micrograph of phosphoric acid
was anodized 11 6~4 as shown
in Figure 2,
tures are similar to those
desoribed for the chromie
acid anodized Ti 6-4. The
ESCA results in Table I for
both of these anodized sur-
faces are similar except that
a small phosphorus photopeak
is observed and the fluorine
photopeak appears as a singlet
for the phosphoric acid ano-
dized Ti 6-4,

3.2 SEM/ESCA OF ACID ETCHED
Ti 6-4

A representative SEM photo-

micrograph of the phosphate-

fluoride trveated Ti 6-4 is
shown in Figure 3. . There
appear fairly well defined
alpha (gray) and beta (white)
phases, These surface fea-
tures are in coantrast to
those observed for the ano-

dized surtaces, Al higher

T™he surlace fen-

magni fication, the bhetn phaso
crystals aro poorly delined
but the alphp phase shows
rogulariy-spaced ediges ahoult
100 mm apart,. The ESCA
results in Table I indicate
the prescence of trace calcium
and phosphorus on the sur-
face. A representative SEM
photomicrograph of the Pasa-
Jell treated Ti 6-4 is shown
in Figure 4, The surface
features arve similar to those
observed for the phosphate-
fluoride treatment. Closer
inspection of Figure 4 or of
photomicrographs obtained at
higher magnitication show
that the surface is littered
with "popcorn" particles
whose identity was not esta-
blished. The ESCA results
in Table I for both of these
acid ctched surfaces arve
similar except a chromium
photopeak is observed for the
Pasa-Jell etch instead of a
phosphorus photopeak.
3.3 SEM/ESCA OF ALKALINE
ETCHED Ti 6-4
A representative SEM photo-
micrograph of the Turco
treated Ti 6-4 is shown in
Figure 5. The surface fea-
tures for this alkaline ctch
are in sharp contrast to
those following the acidic
The beta
phase appears to have grd@n

pretreatments.

nl Lhe expense of Lhe alpha
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phase and oxists as highly
fragmented structures. The
BSCA resud ts in Table 1 indi~
cate the absonce of fluorine
in tho surface. Furthor
ESCA work(21) has demon-
strated the prescnce of
significant quantities of
sodium in the surface., A
representative SEM photo~
micrograph of RAE alkaline
hydrogen peroxide treated Ti
6-4 is shown in Figure 6.
The surface features here arve
unlike any of the preceding
ones. A mottled surface is
obLaincd containing no dis~
tinct foatures. The ESCA
results in Table I for both
of the alkaline etelisd' sur-
faces show that trace quan-~
tities of calcium and alum-
inum are seen following the
RAE process.

3.4 SURFACE ACIDITY OF Ti 6-4

The surface nctdity results
are shown in Table 11 for Ti
6-4 pretreated by the Turco
and phosphate-fluoride pro-
cesses. Only thymol blue
changes color (blue to yellow)
from the base form Lo the
conjugate acid form on the
Turco etched Ti 6-4 surface.
The Amnx value at 476 nm is
characteristic of the acid
form. Thus the Turco etched
surface is basic and the
basicity lies between 7.3

and 9.2, the pK values of

Ltho bracketing indicators.
Results from able 11 demen-
strate that tho phosphatlo-
fluoride surface 18 acidic
and the acidity lies between
4.9 entd 7,3,

A marked dogyrease in the sur-
face acidity of phosphate-
fluoride etched 11 6-4 oc-
curred between 5 and 10 hours
as noted by the appearance of
a second peak at 630 nm in
the reflactance spectrum of
bromthymol blue charactoris-
tic of the base form, This
result is a quite significant
one since it establishes a
surface chemistry basis for
priming a froshly pretreatoed
metal adherend prior to
adhesive bonding.

4. SUMMARY

Different surface features
are scen in the SEM photo-
micrographs for the anodized,
acid, and, alkaline etehed

Ti 6-4 surfaces. lowever
both of the anodized and

both of the acid ectched sur-
faces have similar surface
features in contrast to the
SEM photomicrographs for

the two alkaline etched Ti
6+-4 surfaces. The binding
energies of the O 1s,

T4, 2p3/2 and N l=s photopeaks
at 529.6 + 0.2, 457.9 + 0.2
and 399.3 + 0.2 ev, respec-
tively, were constant follow-
ing all six surflace pretreat-




menlg,  kach prelrentmoend
gave rise to n unique ESCA
"tingerprint'" annlysis of

T4 6-4. 'The chromic acid
anodized T4 6-4 gave a
fluorine doublet photopeak,
The phosphoric acid anodizod
and phosphate-fluoride etched
Ti 6-4 both gave phosphorus
photopeaks but a calcium
photopeak was only obsarved
for the latter process. A
chromium photopenk was only
observed for the Pasa-Jell
treated Ti 6~4. No fluorine
photopeak was obsierved
following the alkaline etch
processes. But, sodium and
aluminum photopeaks were
observad for the Turco and
RAE processes, respectively.
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TABLE TV

Mpax VAUUES OF THE INDICATORS ON

PRETREATED T 6=-4 SURFACE

Indicntor pkn Am“x(nm) valuo Amux (um) valuoe
attor deying aftor deying

Rromphenol 4.1 Gan G316

blue

Bromeresol 4,9 644 610

rreon

Rromthymol 7.4 GoA 464

blue '

Thymol 9.2

blue 476 478

A L R FEL O R £ AT M ST
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