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John Hebda, ATl Wah Chang’s 4
Manager of R&D, and Allegheny & }
Technologies roll out the company’s

ATI™ 425 titanium alloy, a candidate
to replace common titanium:alloys in
a variety of applications. n A

J

Continuous annealed 0.010" ATI 425 titanium foil.
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Mr. Pat Hassey

Allegheny Technologies is pleased to
announce that Mr. L. Patrick (Pat)
Hassey became President and Chief
Executive Officer of the Corporation
on October 1, 2003. He replaces Mr.
James Murdy.

Mr. Hassey has 35 years of broad
international experience in metals
manufacturing, engineered products,
marketing and sales. He was Executive
Vice-President and a member of the
corporate executive committee at Alcoa,
Inc., at the time of his early retirement in
February 2003. Prior to becoming
President and CEO of Allegheny
Technologies, Mr. Hassey had been
working as an outside management
consultant to ATl executive management.

Mr. Hassey is a graduate of California
State University at Long Beach and
attended the University of Southern
California MBA Program.

For more information about
Allegheny Technologies, including the
latest corporate news releases, visit
www.allghenytechnologies.com. m
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Welding Zirconium to Titanium

BY: DERRILL HOLMES, RICK SUTHERLIN & RANDY SCHEEL — AT/ Wah Chang

This issue’s Q&A column was built by
committee. ATI Wah Chang Corrosion Lab
veteran Derrill Holmes, welding guru Rick
Sutherlin, and chemical engineer Randy
Scheel all contributed. All three are part of
the company’s outstanding Technical Services
team. Brad Webb, ATl Wah Chang’s resident
photomicrographer, supplied the tell tale pictures.
Following is a question that team members are
often asked about joining two of the company’s
reactive metals, zirconium and titanium.

Question: )

Can zirconium be successfully fusion
welded to titanium?

Answer: )

Yes, with some special considerations, it is possible
to weld titanium to zirconium using standard
welding processes. As a matter of fact, it is easily
accomplished and results in a satisfactory weld,
but with a few limitations.

Both zirconium and titanium are reactive
metals. The mixture of the two will form a solid
solution and be subject to solid solution
hardening. This will cause the resulting areas of
the weld to have different properties from that
of pure zirconium or pure titanium. The weld
area versus that of the pure metals on either
side of it may include differing mechanical
properties, formability, impact resistance,
corrosion resistance and other properties.

In some cases, the weld must be heat treated
(e.g.: stress relieved or fully annealed) to improve
the corrosion resistance of the zirconium. In cases
where a stress relief heat treatment is required,
the welds can be subsequently heated to 566°C
for up to 4 hours without harm to the weld (see
Figure 1). In cases where a zirconium vessel must
be heat treated, such as concentrated sulfuric
acid applications, we recommend a heat
treatment using temperatures from as low as
625°C for up to 4 hours or at, higher
temperatures such as 788°C, for as little as .5
hours per inch of thickness.

If a zirconium-titanium weld is present
somewhere on the vessel during heat treatment

above 625°C, the weld can deteriorate rapidly

due to unequal oxidation rates and due to an
actual lowering of the oxidation temperature for
each metal as a result of the mixture (see Figures
2 and 3). Notice the deterioration of the weld
surface in each case. Figure 4 shows this
deterioration more clearly at higher magnification.

For an autogenous weld, which will not
contain additional filler metal, the weld itself is
composed of 100% titanium on one side of
the weld and 100% zirconium on the other
side. In the weld zone itself, all other alloy
compositions may exist. The composition most
sensitive to oxidation is in the 50:50
concentration range. For the autogenous weld,
this composition range is likely located near the
center of the weld. For thicker sections, the
addition of filler material will be necessary. The
composition of the weld will obviously change
depending upon whether titanium or zirconium
is chosen as the filler material.

When fabricating zirconium equipment,
external supports are often welded to the

Figure 1. Photomicrograph at 8X. Zr-Ti weld stress
relieved at 570°C for 1 hour (zirconium on left,
titanium on right).

Figure 3. Photomicrograph at 8X. Zr-Ti weld stress
relieved at 788°C for 20 minutes (zirconium on left,
titanium on right).
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zirconium and bolted to the supporting structure.
The supports do not need to be zirconium because
they are outside of the process fluid. Some
fabricators and designers will propose using
titanium for the external supports as it can be
welded to zirconium. Special precautions should
be used when considering this option. There are
at least six special precautions to consider.

1. The vessel cannot be heat-treated. From
a practical point of view, even the stress
relief can result in local temperatures above
the 566°C test conditions and may result
in excess oxidation.

2.In most corrosive media, the weld’s
corrosion resistance is generally less than
that of the pure material (refer to Table 1).
This may indicate fusion welding should
not be used in particular media where
process fluids can contact the weld.

3. The mechanical properties of the zirconium-
titanium weld may be much different than

Figure 2. Photomicrograph at 8X. Zr-Ti weld
annealed 625°C for 1 hour (zirconium on left,
titanium on right).

Figure 4. Photomicrograph at 150X. Zr-Ti weld
annealed 788°C for 20 minutes (zirconium on left,
Zr-Ti weld on right).

that of the pure metals. The affected
mechanical properties include ductility,
strength, and impact resistance. Failure to
account for the physical properties of the
weld may lead to premature failure.

4. The mechanical properties of the zirconium-
titanium weld are different than a pure
zirconium or pure titanium weld. The
allowable strength values for zirconium or
titanium cannot be used for calculating
strength for applications such as pressure
vessels. The strength of the titanium band
can be used in the calculation, but is not
useful in calculations concerning the actual
weld used to hold the titanium to the
zirconium vessel. The effective zirconium
thickness will be reduced.

5. In addition, the presence of the zirconium-
titanium weld on the zirconium plate may
result in localized areas of high stressed. An
alternate method may be to weld zirconium
tabs above and below the titanium band
to hold the titanium band in place. This

allows a zirconium-to-zirconium weld so
that the titanium band is not welded directly
to the zirconium.

6. Lastly, the possibility exists for crevice
corrosion of the titanium between the
supporting band and the zirconium. Galvanic
corrosion is probably not a concern because
zirconium and titanium are very close on
the galvanic series.

In closing, it's worth pointing out that there are
other options to fusion welding zirconium to
titanium. One method to avoid the issues
mentioned above is to use explosive bonding
technology. With zirconium joined to titanium
in this manner, titanium reinforcing straps could
be employed by welding titanium to titanium.
For more information about working with
titanium and zirconium, including welding and
explosive bonding, contact ATI Wah Chang’s
Technical Services team at 888-926-4211. For our
full range of products and capabilities, visit our
web site at www.alleghenytechnologies.com. m

A Weld's Corrosion Resistance is Generally Less Than That of the Pure Material

Corrosion Testing (in mpy)

30% sulfuric acid at 110°C

60% sulfuric acid at 140°C

50% Urea at boiling

100% Acetic acid at 118°C

100% Methanol at boiling

30% Nitric acid at 100°C

70% Nitric acid at 115°C

50% Sodium Hydroxide at boiling
25% Sodium Chloride pH 1 at 100°C
25% Sodium Chloride pH 3 at 100°C

20% Hydrochloric acid
+ 200 ppm ferric chloride at 105°C

Zr
38 lo |

Zr-Ti Ti-2

Ti dissolved

1960, Ti attacked
gained weight

gained weight

3.5

Ti dissolved
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BY: JOHN HEBDA — AT/ Wah Chang

Over the last two decades, many new are very similar to Ti-6Al-4V. Table 2 provides a m
titanium alloys have been patented. summary of the alloy’s hot rolled plate properties.

Most of these alloys were developed for very While the industry specifications call out minimum Projectile Test Results for
specific applications. Few, with the exception of values, a more reliable comparison is found in ATI™ 425 Titanium Alloy
Ti-6Al-4V, have been used widely beyond their the Ti-6Al-4V section of The Materials Properties (TI-4AI-2.5V-1.5Fe-0.2502)

specialty applications. Handbook: Titanium Alloys from ASM. MIL-DTL-46077F

. .In the Chemical Processing Indgstries, The majority of the ATI 425 titanium ?ﬁ?gka,!ess Projectile X‘:g) 5?3 ‘
titanium alloys developed for corrosive produced has been hot-rolled plate. However,
environments have largely been limited to existing other product forms exhibit a similar range of 0.542" | .30calAPM2 | 2305 | 2190
CP titanium and alloy formulations with palladium, mechanical property values. ATl Wah Chang has 0.542" .50 cal FSP 2916 | 2674
then ruthenium additions. With the introduction extruded ATI 425 titanium billet using a process 0.660" 20mm FSP 2088 | 1996
of Allegheny Technologies” ATI™ 425 titanium that parallels its proprietgry process for making 0835" 50cal APM2 | 2010 | 1964
qllqy [T.|-4A|-2.5V-1..5.Fe-0.250 (oxygen)], that T|-3A|72.5V seamles§ tuplng. 0.835" 20mm FSP 2632 | 2529
limitation may be lifting. Since the new titanium alloy flowed well

during hot rolling and forging, we tested whether 1.221" .50cal APM2_| 2739 | 2559

Originally Developed for Armor Plate or not the material could be cold rolled similar to 1.221" | 20mm FSP 4018 | 3823
The alloy was originally developed for hot-rolled Ti-3Al-2.5V. Following initial successes with 1.813" 14.5mmB32 | 3124 | 2972
armor plate to provide ballistic protection laboratory-sized coupons in an R&D facility, larger
comparable to Ti-6Al-4V. The alloy has been quantities were successfully rolled on ATI Wah
evaluated against a variety of projectile threats
for use as armor. ATl 425 titanium has met or Table 2.
exceeded the requirements of MIL-DTL-46077F -
for Ti-6Al-4V (refer to Table 1). Results of ballistic Hot Rolled Plate Mechanical Properties for ATI™ 425 Titanium Alloy
tests (Falohg with the corrosiqn tests discussed Longitudinal Transverse

later) indicate that the alloy is very robust. Yield Ultimate | Elongation | Yield Ultimate | Elongation

The alloy might offer a cost advantage over (KSI) (KSI) (%) (KSI) (KSI) (%)
Ti-6Al-4V sinc.el it makes use of lower costl iron AVG 1272 1401 16.3 133.7 145 2 16.4
as a beta stabilizer to replace some vanadium.

While processing the alloy for armor plate STD 3.1 2.8 L7 5.9 5.6 2.5
applications, it was observed that the material MAX 1332 144.6 22.0 1449 1554 22.0
exhibited very good hot workability, permitting a MIN 120.1 133.7 13.0 122.6 134.0 9.0
more lenient window of processing parameters STA 148.6 167.1 125 155.4 1711 12.5
than necessary for Ti-6Al-4V. The alloy flowed Beta 1286 1470 90 1296 1476 90
much easier in forging and rolling than Ti-6Al-
4V, was less prone to surface cracking, and required
a far lesser degree of surface conditioning for
subsequent working. Based on these observations, m
ATl Wah Chang ultimately extruded billets (using i .

Ti-3A1-2.5V parameters) into tubular hollows. Cold Rolled Properties for ATI™ 425 Titanium Alloy
Longitudinal Transverse

Cold-rolled Mill Products Expand Yield Ultimate | Elongation | Yield Ultimate | Elongation
Potential Applications (Ks1) (Ksh) (%) (Ks1) (Ksh) (%)
The company also produced Ti-4Al-2.5V-1.5Fe- AVG! 128.0 146.0 14.0 152.0 159.0 13.0
0.250 cold-rolled sheet and strip products, even CR? 153.0 182.0 6.5 _ B —
given the high oxygen content. All forms of the CR 1270 | 1440 | 150 1490 |1570 | 150
alloy exhibited mechanical properties similar to Rt 370 153.0 0k - N -
Ti-6Al-4V, but were slightly easier to form. The : : :
ATI 425 titanium alloy is covered by patents and CR&CA> 131.0 150.0 13.0 152.0 160.0 11.0
pending app“cations' 1 Average of all cold rolled and annealed specimens

% ggg /I:gxgg,q%// anneal” 1-4 hours, 1350°F-1450°F
Comparisons to Ti-6Al-4V and Ti-3Al-2.5V B A%}fpfrfgéeefsfrsggegggiﬁvggs J—_
The mechanical properties of ATl 425 titanium
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Chang’s cold mills, capable of handling sheet and
coil (see cover photo of continuous annealed

0.010" ATI 425 titanium foil). Table 3 provides a
summary of the alloy’s cold-rolled plate properties.

A Flexible, Tough Titanium Alloy

ATI 425 titanium has demonstrated good bend
ductility. Cold rolled sheet up to 0.100 inches can
be bent to a radius of 2.5 times the thickness,
with the bend axis in either the longitudinal or
transverse direction. Light gauge, hot-rolled plate
(0.1875 inches to 0.250 inches) can be bent to
3.5 Tradius. As with all titanium alloys, the material
must be totally free of alpha case and any surface
anomalies that could become stress risers for
cracking. Bend samples are shown in Figure 1.

Fracture toughness values for plate vary with
processing and anneal cycles. Duplex annealed
ballistic plate, with a relatively coarse but alpha-
beta worked microstructure, averaged four values
for a K1C of 78.7. Mill annealed plate averaged
a K1C of 54.6. The fracture toughness obtainable
through a duplex anneal rivals those values only
obtainable via an extra low interstitial (ELI)
formulation of Ti-6Al-4V: however, the Ti-6Al-4V
ELI formulations do not have the strength levels
of normal Ti-6Al-4V or ATI 425 titanium wrought
products, such as cold-rolled sheet or small bar.

Results from initial fatigue tests demonstrate
that fine-grained material, such as bar with a
high percentage of alpha-beta reduction, has a
much higher fatigue life than the coarse-grained
ballistic plate with lesser amount of alpha-beta
work (~ 50%). In order to optimize one particular
property, such as fatigue life, other characteristics
may have to be sacrificed. Also note that the
higher the stress level, especially as it nears the
yield strength, the lower the fatigue life.

ATI 425 titanium does not appear to be as
suitable as Ti-6Al-4V in elevated temperature
applications, such as internal jet engine
components. The elevated temperature tensile
properties were examined to determine extrusion
parameters and compared to Ti-28 (Ti-3Al-2.5V
with ~0.1% ruthenium). ATl 425 titanium appears
to have a similar flow stress to the Ti-3Al-2.5V
composition in the TMP range for extrusion;
however, the room temperature properties in
similar anneal states favor ATl 425 titanium with
higher strength levels. Table 4 provides data on
the physical properties of the alloy.

[ continued on page 6 ]

Figure 1. (right) ATI™ 425 Titanium bend samples.

Table 4.

Physical Properties of
ATI™ 425 Titanium Alloy
Density Melting Range | Hardness
4.49 g/cm? | 1600-1650°C 32-36 R¢
(estimated)
0.162 Ib/in® | 2912-3002°F
Corrosion Initial Data""
Media Ti-6Al-4V | Ti-6Al-4V ATI™ 425 | Test Duration
(literature) | OWC material (days)
25% Nitric BP (98°C) 26.4 24 3 7
5% HCl + 0.1% FeCI3 BP (101°C) 0.6 166* 225 7
50% Formic Acid BP (101°C) 315 259 293 1
1% HCI BP (101°C) 99 191* 399 1
8% HCI BP (103°C) 1891 1830 2991 1
10% Ferric Chloride BP (105°C) nil Wat. Gain Wagt. Gain | 7
RT Seawater (21°C, crevice attachment) | 0.01 0 0 21
Brine (25%) 90°C, crevice attachment) | nil Wagt. Gain Wat. Gain | 21

* The literature value cited by the Wah Chang Corrosion Laboratory lacked any documentation of test circumstances, which could explain the difference
between that value and the actual one obtained for Ti-6Al-4V. For all practical purposes, given the experimental error for limited coupons, the values for

Ti-6Al-4V and ATI 425 would be considered to be similar.
** Results from tests on hot-rolled sheet.

Table 6.

U-bend Testing™*

U-bend testing was also performed during this period with the following results:

12.5% Sodium Hypochloride at 21°C for 96 days (CT-1750)

Ti-6Al-4V Transverse and Longitudinal No Cracks

ATI™ 425 Transverse 1 specimen cracked @ 18 hr.*
ATI™ 425 Transverse No Cracks

ATI™ 425 Longitudinal No Cracks

Seawater (synthetic) at BP (100°C) for 96 days (CT-1751)

Ti-6Al-4V Transverse and Longitudinal No Cracks

ATI™ 425 Transverse 1 specimen cracked @ 18 hr.*
ATI™ 425 Transverse No Cracks

ATI™ 425 Longitudinal No Cracks

* This information must be taken in context of limited samples evaluated; a larger sampling is necessary to infer any conclusion.

** Results from tests on hot-rolled sheet.

OUTLOOK
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In limited testing, bead-on-plate autogenous
welds were capable of being bent approximately
5.5T after annealing, with either the root or face
of the weld outward. Examinations of weld
microstructures do not indicate any potential
segregation or deleterious precipitates.

Corrosion Resistant in a Variety of Media
While the initial application of the alloy did not
warrant significant concern over corrosion in a
variety of media, it was understood that armor
plate might be exposed to marine saltwater
conditions in amphibious vehicles, shipboard
application, and potentially in some aircraft
ATI 425 titanium alloy is being

considered for structural components
in commercial aircraft.

Table 7.

Additional Corrosion Testing*

Media Alloy Corrosion Rate (mpy)
40% Nitric Acid at 105°C ATI™ 425 titanium 30
ATI™ 425 titanium + 0.1Ru 0.6
Ti-3Al-2.5V 19
Ti-28 (Ti-3Al-2.5V + 0.1 Ru) 3.3
10% Hydrochloric Acid @ 100°C ATI™ 425 titanium >200
ATI™ 425 titanium + 0.1Ru 92
Ti-3Al-2.5V >200
Ti-28 (Ti-3Al-2.5V + 0.1 Ru) 53
100% Acetic Acid @ 118°C ATI™ 425 0
ATI™ 425 + 0.1Ru 0
Ti-3Al-2.5V 0.2
Ti-28 (Ti-3Al-2.5V + 0.1 Ru) 0.1
10% Sulfuric Acid @ 103°C ATI™ 425 >200
ATI™ 425 + 0.1Ru >200
Ti-3Al-2.5V >200
Ti-28 (Ti-3Al-2.5V + 0.1 Ru) 60
100% Seawater @ 100°C ATI™ 425 Gain 0.5 mg.
ATI™ 425 + 0.1Ru Gain 0.4 mg.
Ti-3Al-2.5V Gain 0.1 mg.
Ti-28 (Ti-3Al-2.5V + 0.1 Ru) Gain 0.1 mg.

* Results from tests on cold-rolled sheet.

Figure 2. The bed for this experimental
trailer (above) was fabricated using
superplastic formed (SPF) ATl 425 titanium.

components. Initially, the high iron content was
a matter of concern for how the material would
respond in certain environments.

ATI 425 titanium performed similar to Ti-
6Al-4V in seawater and hot salt cracking tests;
however, at the time of testing, the alloy had yet
to be produced by cold rolling and was still largely
considered an armor plate. Once it was recognized
that ATl 425 titanium had potential for a much
wider range of applications and product forms,
additional corrosion testing was performed on
cold-rolled sheet. Corrosion data is presented in
Tables 5-7 (unless otherwise noted, numbers are
given as corrosion rate in mils per year).

ATI 425 titanium continues to prove itself to
be a versatile alloy with higher strength than Ti-
3Al-2.5V, nearly equivalent strength to Ti-6Al-4V
and similar corrosion resistant properties. With
the addition of ruthenium and cold-rolled product
availability, it is indeed a unique material. The
ability to obtain a fine, cold-rolled surface finish
and thin-gauge strip product could be desirable
for some applications. ATl 425 titanium exhibits
significant corrosion resistance for a high strength
titanium alloy. In addition, ATI Wah Chang has
successfully roll-bonded CP titanium to the alloy
and has also cross-rolled a specimen as well, which
could present opportunities for optimizing both
properties of strength and corrosion resistance.

A Formable Titanium Alloy
A 0.100-inch-thick sample of ATI 425 titanium

PHOTO COURTESY OF HI-TECH WELDING SERVICES, INC.
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