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FOREWORD

This technical report was prepared by J. S. Solomon of the
University of Dayton Research Institute, Dayton, Ohio, A. A. Roche
of Universal Energy Systems, Dayton, Ohio, and W. L. Baun of the
Mechanics and Surface Interactions Branch, Nonmetallic Materials
Division, Air Force Wright Aeronautical Laboratories, Wright-
Patterson Air Force Base, Ohio. The work was initiated under
Project 2419 "Nonmetallic and Composite Materials", and was
administered by the Air Force Wright Aeronautical Laboratories,
Air Force Systems Command, Wright-Patterson Air Force Base, Ohio.
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I. INTRODUCTION

Because of temperature and weight considerations, Ti and
its alloys are used extensively by the aircraft industry. The
"super" alpha Ti-8Al-1Mo-Sn alloy was developed for use in jet p
engines where a high fracture toughness is required. Ti-13V-
11Cr-3Al1 has good workability and strength properties when prop-
erly heat treated. Consequently, it is easily forged and has
found use in structural components.

TE e

Because of the number of alloying constituents in these
alloys, there is a possibility of differences in surface versus :
bulk compositions, either in "as received" states or after the %
alloys have undergone further processing. These differences may 3
arise from a number of processes. This may involve surface
enrichment of a particular constituent with a high diffusion
rate during a heat treatment. Another possibility may be either
surface depletion or enrichment of one or more of the alloying

elements following chemical cleaning treatments,

In this work, Ti-8Al-1Mo-1S8n and Ti-13V-11Cr surfaces
were subjected to eight chemical treatments. The topological
effects of the treatments were characterized with scanning elec-
tron microscopy (SEM). Changes in surface chemistry and elemen-
tal distribution were characterized with Auger electron spec-
troscopy (AES), ion scattering spectroscopy (ISS), and positive

é ion secondary ion mass spectroscopy (SIMS).

II. EXPERIMENTAL i

Ti-8Al1-1Mo-1Sn and Ti-13V-11Cr-3Al alloys were subjected _
to the chemical treatments listed in Table 1. After drying, they ]
were analyzed with a Perkin-Elmer Physical Electronics Industries
(PHI) model 540-A thin film analyzer equipped with a single pass
cylindrical mirror analyzer (CMA) with a resolution AE/E v 0.6%.

|
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TABLE 1

SURFACE CHEMICAL TREATMENTS FOR TITANIUM
AND TITANIUM ALLOYS

CODE

DESCRIPTION

TREATMENT

Degrease

Sample slurried in acetone, wiped dry, then
ultrasonically cleaned in carbon tetrachloride
for 5 minutes.

Alkaline

Sample submerged in 0.1N sodium hydroxide,
room temperature for 2 minutes. Running tap
Hy0 for 1 minute, standing deionized Hy0 for
5 minutes.

HNO3/HF
(fluoro—-nitric)

Sample submerged in a solution of 170 ml
nitric acid, 30 ml hydrofluoric acid, 800 ml
distilled water, room temperature for 2 min-
utes. Rinse as in #2.

Na3P04/NaF/HF
(fluoro-phosphate)

Sample submerged in a solution of 50g sodium
ortho phosphate, 9g sodium fluoride, 26 ml
hydrofluoric acid, distilled water to 1 liter,
room temperature for 2 minutes. Rinse as in
#2.

NHAHF2

(fluoro-ammonium)

Sample submerged in solution of ammonium
bifluoride (10g/liter) room temperature for
2 minutes. Rinse as in #2.

H2$04/Cr03

(sulfo~-chromium)

Sample submerged in solution of 300g sulfuric
acid, 40g chromium acid, distilled water to

1 liter, room temperature for 2 minutes.
Rinse as in #2.

HNO,,/HF/H,0, /NH, F,HF

(fluoro—nitro—ammonium)

Sample submerged in solution of 80 ml nitric
acid, 20 ml hydrofluoric acid, 20 ml hydrogen
peroxide (30%), 10 ml ammenium bifluoride
(saturated), distilled water 500 ml, room
temperature for 2 minutes. Rinse as in #2.

Hot NaOH/H202
(hot alkaline)

Sample submerged in solution of 20g sodium
hydroxide, 20 ml hydrogen peroxide (30%), dis-
tilled water to 1 liter, 65°C temperature
(150°F) for 2 minutes. Rinse as in #2.
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The coaxial electron gun was operated with a 4-KeV potential at
1.0 to 5.0 pA beam current. A peak-to-peak modulation of 7 eV
during broad scans (i.e., 0-2000 eV) and 2 eV for narrow scans
(i.e., 330-530 eV) was applied to the analyzer for phase sensi-
tive detection. Elemental sputter profiles were constructed
using digitally recorded and computer processed N(E) data. The
ion beam was generated with a PHI model 04-191 Sputter Ion Gun
which was operated with a beam potential of 2 KeV and ion current

2

density of approximately 1.9 pyA/mm“ at 10 mA ion gun emission

current or 0.5 uA/mm2 at 3 mA ion gun emission current.

The sputtering rate for TiO2 under the above conditions
with argon was determined to be 11.5 nanometers per minute
(1 anometer (nm) = 3.94 x 1078
of 1.9 uA/mm2

uA/mmz.

in.) with an ion current density
and 2.8 nm/min with an ion current density of 0.5

Secondary ion mass spectroscopy (SIMS) analysis was per-
formed using an EAI/1100 quadrupole mass analyzer fitted with a
low resolution double-focusing ion energy filter. The same ion
gun used for sputter profiling was used as the primary ion beam
source for SIMS. Both He' and Ar' were used as primary ion
sources. He't was used to obtain SIMS data from surfaces prior
to sputter profiling since near static (nondestructive) condi-
tions can be achieved with the lighter inert gas. During sputter
profile analyses Art was used.

ISS data were obtained with a 3M Co. ISS instrument equipped
with a cylindrical mirror analyzer and a coaxial ion gun. The
analyzer acceptance angle is 137.7°. The probing beam was Net
and the ion gun was operated with a potential of 1500 eV.

Pieces of the specimens for SEM analysis were coated with
n20-50 nm Au in an ISI-PS-2 sputter coater. All specimens were
analyzed with an ISI-60 scanning electron microscope at a tilt

angle of 15°.
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III. RESULTS

A. Ti-8Al1-1Mo~1Sn

Figures 1-3 show the respective AES, ISS, and SIMS

spectra obtained from "as received" surfaces. Figures 4 and 5
contain the respective AES and SIMS spectra from an equilibrium
sputtered (ES) surface which represent the bulk. An ES surface
is defined as one in which a steady-state is achieved after ion
beam sputtering away surface contaminants. Figure 6 shows AES
ES spectra in which the ES condition was achieved using (a) Ar
and (b) Xe.

Table 2 is a semiquantitative compilation of the ele-
ments detected by AES on all the treated Ti-8Al-1Mo-1Sn surfaces.
Table 3 summarizes the SIMS data from the same surfaces. All
values listed in Tables 2 and 3 are normalized to Ti.

A significant difference between the different tech-
niques is the detectability of alloying elements. In AES, the
major Sn and Ti peaks overlap each other and, therefore, small
amounts of either element in the presence of large amounts of
the others cannot be detected with any degree of certainty. On
the other hand, this problem does not occur with SIMS and as
shown in Table 3, Sn was detected on the "as received" surfaces
subjected to treatments 2 and 5.

Al was detected on all treated surfaces but neither
AES or SIMS could be used to reliably report the presence of Mo,
even after the surface oxide was removed by sputtering with argon.
The problem with AES is the overlapping of the most sensitive Mo
peak by the Cl and Ar peaks and relatively low sensitivity of
other Mo peaks. Ar is implanted into the surface by ion beam
bombardment. As shown in Figure 6 the use of Xe to sputter clean
the surface does not introduce an interference with the Mo Auger
peaks and Mo was detected on the ES surface. The SIMS Mo peaks
are also subject to overlap by the Ti; peak and its isotopes.
The detection of Mo with ISS is not subject to the peak overlap
problems of the other two techniques. In addition, ISS is more

T rerp e
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Figure 1. AES Spectra of "As Received" Ti-8Al-1Mo-1Sn.
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surface sensitive than AES. As shown in Figure 2, Mo was detected
on the "as received" surface (spectrum a) but was onlv present in
the first or second monolayer since spectrum b, which was recorded
immediately after spectrum a, shows Mo to be nearly depleted by
the very gentle Het beam.

The TiLMM Auger peak shapes were nearly identical to
Tioé with some subtle differences observed when fluorine was
present. The thickness of the surface oxides as determined by
Auger sputter profile analysis and listed in Table 6 ranged from
approximately 7.8 nm from treatment 8 to 112 nm for treatment 4.
This compares to approximately 14.6 nm for an untreated surface.

Figures 7-10 show the SEM micrographs of the treated
surfaces. Some evidence of selective phase etching can be seen
in Figures 8 (Bl_3), 9 (Bl_s), and 10 (31_7), or treatments 3, 5,
and 7, respectively. The fluoro-phosphate treatment, Figure 8
(31_4) produced the most noticeable topographical change in which
the surface oxide has a "sea shell" like appearance.

B. Ti-13v-11Cr-3Al

AES and SIMS spectra from an "as received" surface are
shown in Figures 11 and 12, respectively, and the respective ES
spectra are shown in Figures 13 and 14. Tables 4 and 5 contain
the respective AES and SIMS semiquantitative data obtained from
the treated Ti-13V-11Cr surfaces. As with Tables 2 and 3, the
values listed in Tables 4 and 5 are normalized to Ti. Both
Tables 4 and 5 show the presence of Ti as well as the three
alloying elements on all treated surfaces. The surface concen-
tration of the alloying elements in all cases was less than the
bulk. The surface of the fluoro-phosphate treated panel contained
F but no TiF+ species was detected by SIMS nor did the TiLMM peak
shape differ from that of Tioz. The oxide layers produced on this
alloy were all thinner than that of as received panels. The
thickest oxide (v8 nm) was formed by the sulfo-chromium (6) treat-
ment while the thinnest (v2.3 nm) was produced by alkaline (2)
treatment. Table 6 lists the oxide thickness resulting from each
treatment.

13
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TABLE 6

OXIDE THICKNESS IN NANOMETERS DETERMINED BY
AUGER SPUTTER PROFILE ANALYSIS FROM TREATED
Ti-8Al1-1Mo~1Sn AND Ti-13V-11Cr-3Al

Treatment Ti-8Al1-1Mo-1Sn Ti-13v-11Cr-3Al
1 14.6 9.6
2 15.7 2.3
3 17.8 6.5
4 111.8 6.8
5 17.8 2.3
6 12,2 7.9
7 13.3 4.0
8 7.8 5.7
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Figures 15-18 contain the SEM micrographs from the
eight treated surfaces.

Iv. DISCUSSION

The advantage and necessity of using several surface ana- 9
lytical techniques was very evident in this work. For example, i
the TiLMM Auger peaks at 418 and 451 eV as well as oxygen at
510 eV and its lower energy plasmons between 450 and 500 eV
overlap the major Sn, Cr, and V peaks between 400 and 530 eV,
making it difficult to analyze for small amounts of these ele-
ments in the presence of Ti and 0. Although Cr and V are shown
as being detected by AES in Table 2, absolute certainty of their
presence was provided by SIMS, since no overlapping problems

occur for these elements in this technique.

The detection of Sn by AES is further complicated when Sn
is oxidized. Normally, the major SnMNN peak positions are 430
and 437 eV. However, when Sn is oxidized, the peaks shift to a
lower energy by 5-6 evz. This shift is toward the TiLMM peaks
and, therefore, small amounts of Sn do not adequately change
AES spectral features, as in the case of V. In this case, SIMS
or ISS can be used to detect the presence of Sn.

e e T A a o TR

Neither AES nor SIMS could verify the presence of Mo on
any of the treated specimens. ISS data shows that Mo is present
within the first few monolayers and is quickly removed by sput-
tering. The detection of low concentrations of Mo, especially
when oxidized or in the presence of Cl is very difficult. The
AES C1l peak at 181 eV interferes with the 186 eV Mo peak and the
Mo 221 eV peak decreases in intensity with respect to the 186 eV
peak when Mo is oxidized.3 In order to detect the low concentra-
tion of Mo in the bulk an ES surface had to be established with
Xe, rather than Ar sputtering, because of Ar peak interferences
with Mo peaks at 186 and 221 eV,

e e I [ AR, ST T K e N

Unlike AES, SIMS is capable of detecting molecular species
such as those reported in Tables 3 and 5. One of the problems

25

=
4
o




.Amuaov Z pue ﬁaov 1 S3uaujeai]
03 pe3oalgns TYE-IDTT-ACT-TL 3o sydexboidTIW WiS

‘g1 @anbtda

26



i o A e B N T Y I Ry RET Rt i AR NN A2 25 S i R Al ki s b e e e

P rr————r

«(""To) p pue (£7Tg) ¢ squswiesig
03 pe3oalqng TVE-IDTI-AET-TL 3O SydeiboidTW WIS ~9T @InbIg

NV, QO RIS

27

L e e i




- (97 19) g9 pue (°7 o) g s3juswiesag
03 po3oelans T¥E-IDTT-AET-TL 3o sYyderboIdTW WIS °LT 9Inb1d




———

111‘?71 OV R, T T PR

< (8 1g) g pue (LTy) ; sjuswiesag
03 po3oolqng TVE-IDTT-AET-TL 3O SYdeaboIdTW WIS

‘g1 @anbra




with reporting molecular species is knowing for sure the origin
of the species. For example, it is difficult to determine
whether a particular species was present on a surface or created
during sputtering. Such is the case with TiO+, TiOF+, and TiF'
detected on Ti-8Al-1Mo-1Sn subjected to the fluoro.phosphate (4)
treatment (Figure 19). In this case, the limited ability of AES
to detect chemical state differences was used to detzrmine if the
bonding state of Ti was different on this specimen versus one in
which fluorine was not detected. As shown in Figure 20, the TiLMM
peaks from this surface had subtle differences in their shapes
compared to nonfluoride containing surfaces (Figure 17) and
standard Ti02. This is an indication that Ti was in a slightly
different bonding state than in Tioz. Perhaps it is bound to

both O and F as an oxyfluoride.

In the case of Ti-13V-11Cr-3Al no Ti—F+ species was observed
in the SIMS data shown in Figure 21 and the TiLMM Auger peak
9° The TlLMM peak shapes
from the other treated surfaces were also identical to TiO

shapes in Figure 22 were identical to TiO
2

The SEM was extremely valuable, not only for the charac-
terization of surface topography, but in determining oxide film
thicknesses in order to establish sputter rates for Auger sputter
profile analysis.

v. CONCLUSIONS

Based on the characterization data presented, the following
conclusions are made about the effects of the chemical treatments
listed in Table 1 on Ti-8Al-1Mo-1Sn and Ti-13V-11lCr-3Al.

1. No single surface analytical technique can thoroughly
characterize Ti alloy surfaces for their elemental, chemical,
and physical properties.

2, The effects of a particular chemical treatment may not
be the same for each alloy.
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3. Chemical treatments 2 through 8 replace the original
oxide with a new one containing traces of elemental species com-
mon ,to a particular treatment.

4. The o Ti-8Al-1Mo-1Sn is etched at a faster rate than B
by treatments 3, 5, and 7.

5. The oxide produced on Ti-8Al-1Mo-1Sn by the fluoro-
phosphate treatment is not TiO2 but one in which Ti may be chem-
ically bound as an oxyfluoride.
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