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A co m paiso n obf -the ph a-se relationships and ~? 4~ 4 I 5 1i . i

tansfomaton ini thiii comercial titanium alloys
recently . be cbmplitid in'an investigation 'at '

N Boeing.'l Figure 1 staiiriiei the occurrence of
"' h ph,.. fouind in thi ii-4-Mo-lVi Ti-(Ar4v;'

Sand Ti-SAl-lko-lV alloys after quenching from vari-
ous solutioni temprstdres4 Two types of marten- Mao
i itv were, found to, exist; one is either a face-
centered-ubic.or a face-centered-tatragoital struc-
tura designated'a' , while the other is a hexagonal-h
closo-packed: strubcture,,#*# atd ' These
structures are trantf* eAiohproducts from the beta
phase and coexist witWNUJother phases shown in
Figure, I to makeu e 1-i..structure observed
at row tempera + "ef*2 'tpietW ng from the solu- st+&a+

The t'eig ing of the products formed two
on quenchingtfcao rosuit'ifnikthe following decompo-
sitions depending on composition and aging condi- + A

tions. The omega phase tormed from the decomposi-
tion of the beta pikiiqin both the Ti-4Al-ako-lY 1se 0
and Ti-SA1-lMo-lV alloys but was not observed as a
result 6of aging the Ti-6A1-4V alloy. The alpha
phase precipitated from the beta phase in all three
alloys. The a' martensite reverted to the beta FIGURE 1. ECJILIBRI1I ALPHA (aBETA (i.AND
phase on aging and, in turn, the beta phase precipi- TRANSFORMATION PHASES (W. AND e") PRESENT
tated alpha phase. The possibility of alpha phase AFTER QUENCHING FR3( SOLUTION T3(pERA-
precipitation from ci' prior to Its reversion to lURES INDICATED( 1)
beta was reported. The transformation of the ci"
martensite was reported to be simply the precipita- of the Beta Ill developed up to 190 Scsi tensile
tion of beta phase within the all platelets, the yield strength with 7 to 10 percent elongation. On
composition of which approaches the equilibrium alpha cold-rolled, solution-treated and aged sheet, tea-
composition as the reaction continues. Combina- sile strengths of over 200 Scsi with 8 percent
tions of these reactions undoubtedly occur during elongation were obtained.
the c.omercial heat treatment of the Ti-4A1--lV
and Ti-WA-4V alloys. Since the Ti4-M1o-V al- Elevated-tomperature properties of the alloy
ioy is not usually heat treated, the phase rela- are attractive and the cold workability of this
tionships reported from above about 1600 F may not grade (cold rollability, bend ductility, and eupa-
be observed In structures produced commercially, bility) is outstanding among titaniut alloys.
depending on the cooling rate used. Phase II of the study is the scaleup and study of

4000- and 8000-pound ingots.

Progress by Crucible Steel Company on Phase I
of a manufacturing dovelopment program for their The Navy's program on weldAble, heavy-plate
Beta III tlloy, TI-4.5Sn-6.OZr-ll.5Ho, was reported titanium alloys for use in pressure hulls Includes
recently.~ 2) This alloy has many characteristics two candidate compositions, Ti-6Al-2Cb-ITa-0.8Mo
of those showrn by the Ti-%S,-M~o, Beta II alloy and Ti-6A-4V ELI. One of these nay possibly be
studied by (rucible under a previous Air Force used In two programs that are soon to be iinple-
contat0 On~e najor advantage of the Beta III menteds The Deep Submergtnce Rescue Vehicle (flSV)
composition is the improved freedom fromA molybdenum and the Deep Submergence Search Vehicle (DSSV) pro-
segregation on melting as a result of introducing grams. The~ Navy evaluation of the 7i-6Al-2Cb-!Ta-
molybdenum In the form of a zirconiumi-molybden~um O.EMo comuposition Is somewhat ahead of that of the
alloy, 'Specimenb cut from heat-treated plate TI-6A1-4V ELI grade. the rationalas of selecting
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titanim alloys from among Ithe great number of TABLE 1. RESULTS OF SEAWATER aODOSION TEST (5)
tiUa616 alloys examined wit~ described in a recent
presentaticn.4) (Tube Exchanger, International

salt Cosany)
In a paper dolcribink titapium for desalina- -, __ r_ __'_ _

tion plants and othir hot-, tater applications, the
advaniages and, ssible roila; areas for titanium Weight Loss,
ire discussd.- ) The d'.4lnation plant on St. percent
Croix, Virgin Islands, wh" ., uses 432,000 feet of Mterials)rcent
titanlu tubing supplied by the Titanium Division
of Harvey Aluminum, has beet. a notably successful Alloy 755, 90-10 cupro-nickel Dissolved

test bed. While erosion, uo :osion, or general Alloy 713, 80-20 cupro-nickel 44.0

wasting of material is definaitly not a problem, Alloy 807, 70-30 cupre-nickel 34.2

crevice corrosion is still cczaidered a potential Alloy 702, 70-30 cupro-nickel 26.9-27.4

problem. Pitting corrosion in crevice locations Monel 11.2-12.3

above 250 F is not unknown. Nowever, the Titanium Ti-55A, titanium (unalloyed) None

Metals Corporation of America has found that alloys . est Spe
such as Ti-0.2Pd, Ti-21Mo, and Ti-2Ni show '-proved (a) Test Speciment I by 4-inch test section in 5/8-

resistance to this form of atack. While the Author inch-diameter tubing. Tubing roller-expanded

of the paper concluded that the present market into tube sheet with standard practice.

price of titanium tubing does not favor its selec- Test Conditionst Salt slurry 20 vol%, at 226 F

tion imediately for desalination plants, he points brine velocity, with 200-day test period.

out that the time is coming when price will no long-
er be the prohibiting factor. In addition, there parts also were Important considerations. Nitrided
are -lready certain severe applications involving and oxidized surfaces were evaluated as examples of
seawater where the corrosion-resistant features of gaseous-diffusion coatings. A thin, chromium-
titanium cannot be met by traditional materials. enriched surface layer was evaluated as an example .
This is illustrated by the corrosion data given in of a diffused-metal coating, and a nitrided
Table 1. diffused-chromium coating was examined as one pos-

sible modification of this surface treatment. Peak
Other seawater applications for titanium are hardnesses and depth of hard surftce layers for

also receiving the attention of P ilitery inter- the heat-treated Ti-6A1-4V specimens are given to-
ests. These include the use of Ti-6A1-4V alloy gather with the test data in Table 2.' While the
pressure bottles for service as variable ballast unique features of parameters such as impact wear
equipment in "Alvin", the Deep Submersible Research and impact-fatigue may not be applicable to many
Vehicle and a TI-6AI-4V alloy boom andupper mast aof the America's Cup winner, Intrepid. (6) e applications &part from business-machine parts,

the relative effectiveness of coatings is apparent.

SURFACE TREAWNI. The authors conclude that achievement of simultane-
ous optimization of impact-fatigue and wear char-

In a study conducted at the IBM Systems De- acteristics in Ti-6A1-4V by surface treatment is

velopment Laboratory, three types of surface treat- impxobable.

ments for possible improvement of the impact-fatigue In a paper presented by Kostman of TMCA,
characteristicp of Ti-6AI-4V alloy machine parts numerous test data were presented to show the effect
were examined.(7) Abrasive and impact wear of the of various lubricants and coatings on the wear char-

TABLE 2. TYPICAL PROPERTIES OF SURFACE-TREATED, SOLUTION HEAT-TREATED AND AGED Ti-6AI-4V SPEC1AENS AFTER
SPECIAL TESTING(7)

Impact- Impact
Depth of Peak Fatigue Wear, Abrasive
Altered Hardness Strength (106 cycles, Wear,
Surface of Surface (107 cycles, 20 ksi (Hertz contact Deficiency

Surface Layer, Layer, Kt 2.06), stress), stress = 20 ksi), in
Treatment in. Khn kbi 10- 3 in. 10- 4 

i in 20 min Characteristic

None 450 73 0.52 0.64 Abrasive wear
Sandblasted - 450 94 0.17 0.64 Abrasive wear
Nitride 0.004 1650 45 2.08 0.23 Impact-fatigue

and impact wear
Oxide 0.004 950 35 1.68 0.30 Impact-fatigue

and impact wear
Diffused chromium 0.006 660 57 0.30 0.45 Abrasive wear
Diffused chromium

plus pickle 0.006 660 94 0.95 0.32 Abrasive wear
and impact wear

Diffused chromlum
plus% nitridu 0.012 1600 40 0 22 0.70 Impact-fatlgue,

impact woar,

--nd tbaLvj



acteristics of Ti-6A1-4V alloy (Annealed) A)' Rep- (4) Oe ottn, p cd in molten
resentative test dataai given in Table 3. A ong ttum caC! lrted witn
the conclusions reached in this itudy iire iZqds coh e prvid 6 l ri e lifo at

(1) Liquid lubricants are inkffeetivo on, 1sdiiiw by suchcaitingi
bar. sufaces, hile bonded solid-filt .c . .. e d s

lubricants (MOS2 ) applied to preparad (5 alectoplatd mtels Ti Cr2prye3
surfaces are very affectiv ceamic cotiz ( , TL02, Cr03)

can be effective, for weir protection,

(2) Vapor blasting. is a wry- effective but tend to be of limited usefulness

surface preparation for solid-file due to lack of adhesion or chip and

lubricants spell tendencies, respectively

(3) Combinations of conversion costing plus (6) Flame-sprayed coatings of molybdenum
surface roughening offer optimum surface give excellentwear life against steel.
preparation for solid films

TABLE 3. TYPICAL WEAR DATA OBTAINED WITH SURFACE AND/OR LUBRICATED ANNEALED Ti-6A1-4V ALLOY(8)

. ~Test Conditions Xn

Minimm
Average Contact

Surface Wear Rate,(a) Time, Load, Speed, Pressure,

Treatment Lubricant in.Ift of slidina min lb ft/min ksi

Untreated Halocarbon 11-14 1.6 x 10 7  140 10 26

Untreated Bonded MoS 2  1.5 x 10-6 4 210 26 40

Vapor Blasted, Bonded MoSt 2.3 x 10-8 2,920 630 26 25

42 to 44 p.ib1., ms.,.
Vapor BlastedoLi2C03 oxi- Bonded $oS2  2.3 x 10-8 4,900 630 26 21

dized (3 hr at 147.5,P),
46 to 48 lb in., .. .. .

Chromium Plated, SAE-30 Plate failure 173 210 26 2.2

1 to 2 mils (to failure)

Electroless Nickel- SAE-30 Plato failure 183 210 26 6.8

Plated, I to 2 mils (to failure)

Molybdenum Spray- SAE-30 Slight wear 11,700 630 26 10

Coat, 4 mill b)

(a) Wear testing accomplished using an Alpha LFW-l modified machine. Specimen sets consisted of a cylindri-

cal bearihg ring and a rectangular block.
(b) Test was against a steel block.
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