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y EHASE TRANSFORMATIONS

A coapnrison ‘of thc phuc relationships and
transfomtiom ih thru couu'cial titanium alloys
rocontl.( sus bnn complctod 4n an invutigation ‘at
Boeing.ll Piquxo 'l simmarizes the occurrence of
the phasés found”in the 11<4Al-Mo-1V, Ti-6A1=2V,
and T1-8Al-1Mo~1V alloys after quenching from vari-
ous -solution tonpora'wnn Two types of marten-
$itc wexe found to'oxist; one is:aither a face-
centered-cubic. -or &' face~centered-tetragonal struc-
ture, designated.a?, while the other is a hexagonal~-
closs~packed: stmcgun, -Jesignated a®.  These
structures are tranffeemation products from the beta
phase snd coexist with@thq¢thor phases shown in

Figure ) to make u nn.‘stxucture observed
at rool. tenpoui‘@(h"lf moﬂebing from the solu-
tion temperatune _,.,;nldica ~yg’<a§ L

*47.?6* ‘

Aging of the products formed
on quenching an :nult"imthe following decompo-
sitions depanding on composition and aging condi-
tions. The omegda phase formed fxom the decomposi-
tion of the beta phist.in both the Ti-4Al-3Mo-1V
and Ti-8Al-IMo~1V alloys but was not observed as a
result of aging the Ti-6A1-4V alloy. The alpha
phase precipitated from the beta phase in &ll thres
alloys. The o' martensite reverted tc the beta
phase on aging and, in turn, the beta phase precipi-
tated alpha phase. The possibility of alpha phase
precipitation from o' prior to its reversion to
beta was veported. The transformation of the o
martensite was reported to be simply the precipita~
tion of beta phase within the o platelets, the
‘composition of which approaches the equilibrium alpha
composition as the reaction continues. ing-
tions of these reactions undoubtedly occur during
the commercial heat treatment of the Ti-4Al-GMu=-1V
and Ti-6A1-4V alloys. Since the Ti~-8Al-lMo-lV al-
loy i3 not wusually heat treated, the phase rala-
tionships reported from above about 1600 F may not
be observad in structures produced commercially,
depending on the cooling rate used.

ALLOY DEVELOPMENT

Progress by Crucible Stsel Company on Phase I
of a manufacturing dovelopamsnt program for their
Beta III l}oy, T4~4,55n~6.02¢x~11.5M0, vas reported
recently.\2) This alloy has many characteristics
of thosa shoem by the Ti-6Si~12do0, Bets II alloy
studied Sirucible under a previous Alr Force
contract, One major advantage of the Beta Il
compositien 1s the improved freedem from molybdenum
segregation on melting as a result of introducing
molybdemum in the form of 2 zirconium-molybdenum
alloy. 'Specimens cut from heat-treated plate
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FIGURE 1, EQUILIBRIM ALPHA (@), BETA {#). AND

TRANSFORMATION PHASES (ot AND o) PRESENT
AFTER QUENCHING FROM SOLUTION TEMPERA-
TURES INDICATED{1)

of the Bata III developed up to 190 ksi tensile
yield strength with 7 to 10 percent alongation. On
cold-rollsd, solution~treated and sged sheot, ten-
sile strengths of over 200 kei with 8 percent
slongation were obtained.

Elevated-temperature properties of the alloy
are attractive and the cold workability of this
grade (cold rollability, bend ductility, and <upa-
bility) is outstanding among titaniua slloys.
Phase Il of the study is the scaleup und study of
4000~ and 8000-pound ingots.

AEPLICATIONS

The Nevy's program on weldable, heavy~plate
4itanium alloys for use in pressure hulls includes
two candidate compositions, Ti-6AL-2Cb~1T2-0.840
and Ti~-6Al-4V ELL, One of these may possibly ba
used in two programs that are soon te ba iwple-
mented:t The Dsep Submergence Rescue Vehicle (DSRV)
and the Deep Submorgence Search Vehicle {DSSV) pro-
grams. The Havy avaluation of the Ti-6A1-2Cb~1Ta~
0.840 composition is somawhst ahead of that of the
Ti-6A}-4Y ELI grade. The rationzlas of selecting
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titanium allcys from seong the great nusber of
titanium allcys exmined were described in a recent
presentation.4)

In a paper describine titanivm for desalina-
ticn plants and other hot-:.awater applications, the
advantages and possible rrolicm aress for titanium
dre discussed.(5) The desaiination plant on St.
Croix, Virgin Islands, wh .% uses 432,000 fest of
titaniun tubing supplied by the Titanium Division
of Harvey Aluminum, has heei. 2 notably successful
test bed, While erosion, uvecrrosion, or general
wasting of material is definiisly not a problem,
crevice corrosion is still ccnsidersed a potential
problem. Pitting corrosion in crevice locations
above 2% F is not unknown. ilowever, the Titanium
Metals Corporaticn of America has found that alloys
such as Ti~0,2Pd, Ti-2Ho, and Ti~-2N{ show ’'~proved
resistance to this form of attack. While the author
of the paper concluded that the present market
price of titanium tubing does not favor its selec-
tion $mmediately for decalination plants, he points
out that the time is coming when price will no long-
er be the prohibiting factor. In addition, there
are _iready certain severe applications involving
seawater where the corrosion-resistant features of
titanium cannot be met by traditicnal materfals.
This ie illustrated by the corrosion data given in
Table 1.

Other seawater applications for titanium are
also receiving the attention of r  ilitary inter-
ests. These include the use of Ti-6Al-4V alloy
pressure bottles for service as variable ballast
equipment in “Alvin®, the Deep Submersible Research
Vehicle and a8 Ti-6A1-4V olloy boom and us)per mast
of the Anerica's Cup winner, Intrepid.(6

SURFACE TREATMENTS

In a study conducted at the IBM Systems De-
velopment Laboratory, three types of suxrface treat~
ments for possible improvement of the impact~fatigue
characteristic? of Ti~-6A1-4V alloy machine parts
were exanined.(7) Abrasive and impact wear of the

TASLE 1, RESULTS OF SECAWATER CORROSION TESTS(5)

{Tube Exchangsr, International

Salt Compeny)
.
Welight Loss,

Materialsi®) percent
Alloy 755, 90-10 cupro-nickel Dissolved
Alloy 713, 80~20 cupro-nickel 44.0
Alloy 807, 70-30 cupro-nickel 34.2
Alloy 702, 7030 cupro-nickel 26.9-21.4
Monel 11,2-12.3
Ti~-55A, titanium (unalloyed) None

PO ALY A SR R T S TP
(a) Test Speciment 1 by 4-inch test section in 5/8-
inch-diameter tubing. Tubing roller-expanded
fnto tube sheet with standard practice,
Test Conditionss Salt slurry 20 vol¥, at 226 F
brine velocity, with 200~day test period.

parts alsc were important considerations. Nitrided
and oxidized surfaces were evaluated as examples of
gaseous~diffusion coatings. A thin, chromiuvm~
enriched surface layer was evaluated as an example
of & diffused-metal coating, and a nitrided
diffused-chromium coating was examined as one pos~
sible modification of this surface treatment., Peak
hardnesses and depth of hard surfuce layers for

the heat-treated Ti~6A1~4V specimens are given to-
gether with the test data in Table 2." While the
unicue features of parsmeters such as impact wear
and impact-fatigue may not be spplicable to many
applications apart from business-machine parts,

the relative effectivensss of coatings is apparent.
The authows conclude that achievement of simultane-
ous optimization of impact-fatigue and wsar char~
acteristics in Ti-6A1-4V by surface treatment is
improbable.

In a paper presented by Kostman of TMCA,
numerous test data were presented to show the effect
of various lubricants and coatings on the wear cher-

TABLE 2, TYPICAL PROPERTIES OF SURFACE-TREATED, SOLUTION HEAT-TREATED AND AGED Ti-6A1-4V SPECIMENS AFTER
SPECIAL TESTING(7)
Impact~ Impact
Depth of Poak Fatigue Hear, Abrasive
Altered Hardness Strength {106 cycles, Wear,
Surface of Surface (107 cycles, 20 ksi (Hertz contact Deficliency
Surface Layer, Layer, Ky = 2,06), stress), strogs = 20 ksi), in
Treatment in. Khn ksi 102 tn.  107% 9 in 20 min Characteristic
fone - 4%0 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 Inpact-fatigue
and impact wesr
Oxide 0.004 950 35 1.68 0.30 Impect~fatigue
and impact wear
Dif fused chromiun 0.006 660 57 0,30 0.4% Abrasive waar
Diffused chromium
plus plckle {0,605 660 94 C.95 0.32 Abrasive wear
and impact wear
Diffused chromium
plus nitride G.012 1600 40 o2 0.7% Impact-fatique,
impact woar,

2nd zbragive
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acteristics of Ti-6A1-4V alloy (anniecisd) {5) Rep-
resontative test data-are given in Table 3, Ssong
the conclusions reached in this study weras

{1) Liquid lubiicants ste ineffectiva on,
bare surfaces, while bondad soilid~fila
lubricants (MoSg) applied to preparvd
suzfaces ave very sifective

(2) Vapor blasting. is a vexry effective
surface preparation for solid-film
tubricants

{3) Combinations of conversion coating plus
surface roughening offer optimum surface
preparation for solid films

{4} Ornide coitingi produced in molten
‘Jithiua cardsaets Jubiicated with: -
$3quids csn provide long wiir 1ife 2t
high Josds, aithough fatique strength
Ss-dininished by such.coatings

{5) Electsoplated metals dnd spriyed
cozamic costings {WC, T102, Cr03)
can be affsctive for wear protsction,
but ¢end to be of limited usefulness
due to lack of adhesfon or chip and
spsl) tandencies, respectively

(6) Fleme-sprayed coatings of molybdenum
give excellent wear 1ife against steel.

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

Minimum

Average Contact
Surface Wear Rate,(8) Time, Load, Speed, Pressure,
Treatment Lubricant in./ft of sliding min 1b £t/min ksi
Untreated Hzlosarbon 11~14 1.6 x 1077 140 10 26 -
Untreated Bonded MoSy 1.5 x 106 4 210 26 0
Vspor Blasted, Bonded MoS» 2.3 x 10-8 2,920 630 26 25
42 to 44 ﬂ."ifio’ rﬁ:s,"Q . L :
Vapor Blasted,Li5003 oxi~ Bonded ¥oSy 2.3 x 10-8 4,900 630 26 21
dized (3 hr st 1475 F), . .
46 to 48 1 in., o8 ooyt
Chromium Plated, SAE~30 Plate failure 173 210 26 2.2
1 %o 2 nils (to failure)
Electroless Nickel- SAE~30 Platz fallure 183 210 26 6.8
Plated, 1 to 2 mils (to fallure)
Molybdenun Sp(ay- SAE-30 Slight wear 11,700 630 26 10
Coat, 4 mil\b

e~

a) We

ar estg us n ' - » f 1 chi.

cal bearing ring and a rectangular block.
(b) Test was against a steel block.
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In the August 2% Review of Recent Develop-
- Titanium and Titanium Alloys - there was 3

temperature error on Page 2, Coluan 1 of the second
complets paragraph (Reference 3), f.e., the noses
of the TTT curves for all alloys were found to lie
between 600 and 630 C {instead of F).(9)

(

(2)
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