
Weldabi l i ty Study of Advanced 
High Temperature Titanium Alloys 

GTA weldments in Ti-5AI-5Sn-2Zr-2Mo-.25Si and Ti-5AI-5Sn-2Zr-4Mo-.25Si 
are very similar, respectively, to GTA weldments in Ti-6AI-2Sn-4Zr-2Mo 

and Ti-6AI-2Sn-4Zr-6Mo in mechanical and fracture behavior as well 
as microstructures 

BY F. D. MULLINS AND D. W. BECKER 

ABSTRACT. Bead-on-plate weldments 
in the alpha-beta alloys—Ti-5AI-5Sn-
2Zr-2Mo-0.25Si and Ti-5AI-5Sn-2Zr-
4Mo-0.25Si—were evaluated for 
strength and ductil ity, and character­
ized by both optical and scanning 
electron microscopy. As-welded con­
ditions in both alloys exhibited ex­
tremely high strengths (180-200 ksi), 
but low ducti l i ty (1%). Postweld heat 
treating served to reduce the strength 
(160-170 ksi), wi th only a slight 
improvement in ducti l i ty (4%). 

The weldment microstructures are 
explained from a point of view of their 
Continuous Cooling Transformation 
(CCT) characteristics. In addit ion, 
properties and microstructures of 
these alloys are compared to those of 
two similar alloys, Ti-6AI-2Sn-4Zr-2Mo 
and Ti-6AI-2Sn-4Zr-6Mo. 

Introduction 

During the last two decades consid­
erable attention has been given to 
addressing the problems associated 
wi th the welding of advanced alpha-
beta t i tanium alloys. The near-alpha 
alloy Ti-6AI-2Sn-4Zr-2Mo (Ti-6242), 
which was specifically developed for 
elevated temperature creep resistance 
and room temperature strength, has 
been reported to exhibit reasonable 
ductil ity1 in the as-welded condit ion. 
Wi th the addition of increasing 
amounts of beta stabilizers, as-welded 
ductilities have been generally ob­
served to deteriorate, such as in the 
cases of Ti-6AI-2Sn-4Zr-6Mo (Ti-6246) 
and Ti-6AI-6V-2Sn (Ti-662).--3 It has 
been recognized that the weldabil ity 
of these alloys is highly dependent-on 
the relationship between cooling rates 

and alloy chemistry.1 

The present investigation was con­
ducted to determine the welding char­
acteristics of two relatively new titan­
ium alloys. These are Ti-5AI-5Sn-2Zr-
2Mo-.25Si (TL5522S) and Ti-5Al-5Sn-
2Zr-4Mo-.25Si (Ti-55245), which were 
developed through the Air Force 
Materials Laboratory,4 specifically for 
elevated temperature applications, 
900° F (482° C). Silicon additions to 
these alloys are made to enhance their 
creep characteristics. Ti-5522S is a 
near-alpha alloy similar in composi­
tion and properties to Ti-6242S, while 
TL5524S, a more beta-stabilized alloy, 
is similar to Ti-6246. 

Due to these similarities, this paper 
compares microstructures and me­
chanical properties for TL5522S and 
TL5524S GTA weldments wi th data 
reported for Ti-6242 and Ti-6246, 
respectively. Selected mechanical 
properties of these alloys are provided 
in Table. 1 

It is apparent that the near-alpha 
alloys are considered primarily for 
creep resistance, while the more beta-
stabilized alloys exhibit better short-
t ime strength at elevated temperature. 
For these reasons, the potential appli­
cation of these alloys would be in long 
life gas turbine engine components 
and aerospace applications where 
short-time, high temperature strength 
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is of principle interest. 
Two recent studies have examined 

the weldabil ity of Ti-5522S, whi le no 
data have been reported for welded 
TL5524S. Chasteen and Horowitz7 re­
ported ultimate tensile strengths of 
160-180 ksi (1103-1241 MPa) for GTA 
welds, depending on the particular 
postweld heat treatment, while 
Chang8 reported a higher ultimate ten­
sile strength of 188 ksi (1296 MPa), 
wi th only 2% elongation. 

Experimental Procedure 

The alloys studied in this investiga­
tion were alpha-beta processed, du­
plex heat-treated at 1735° F (945° C)/ 
15 minutes (min) and 1100° F (595° 
C)/2 hours (h), and ground to a thick­
ness of 0.100 in. (2.54 mm). Vendor-
supplied tensile properties are given in 
Table 2. The beta transus (T„) and 
composit ion of each alloy are pre­
sented in Table 3. 

Sheet material was cut into 6 x 1 in. 
(15 x 2.5 cm) coupons, degreased in 
acetone fol lowed by chemical clean­
ing in an aqueous solution of HNO : ) 

and HF acid, and water rinsed. Cou­
pons were given a preweld vacuum 
heat treatment, 1810° F (988° C)/1 h 
for TL5522S and 1770° F(965° C)/1 h 
for TL5524S fol lowed by an argon 
backfill (ABF), to obtain a microstruc­
ture which reportedly optimizes both 
creep and fatigue properties.9 

Autogenous full-penetration bead-
on-plate welds were produced in the 
above coupons using an automatic 
GTA welding unit wi th the welding 
parameters listed in Table 4. The effect 
of various postweld heat-treatments 
(Table 5) were initially evaluated by 
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Table 1—Comparison of Base 

te 

Ti-5522S"" 

Ti-6242S lbl 

Ti-5524S lal 

Ti-6246 "•' 

Test 
mperature, 
°F(°C) 

72 
(22) 
900 

(374) 

72 
(22) 
900 

(374) 

72 
(22) 
900 

(374) 

72 
(22) 
900 

(374) 

Metal Mec 

UTS,"11 

ksi 

154 

114 

163 

123 

175 

136 

192 

143 

hanical Properties 

Tensile 

0.2% YS' 
ksi 

131 

83 

147 

95 

150 

100 

167 

117 

properties 
d> 

El, %<«' 

11 

16 

16 

15 

-

12 

10 

10 

RA"' 

21 

37 

30.1 

38.8 

14 

26 

-

— 

Creep def. 

% 
0.15 

.09 

0.28 

.07 

UTS,"" 
ksi 

154 

164 

181 

200 

Post creep 

0.2% YS"" 
ksi El, %'" 

137 12 

151 17.5 

162 10 

189.3 7 

RA1" 

17 

39 

12 

27 

'•'Tensile and creep data for beta-processed bar + [T^-500 F (28° C)]/1 h AC + 1100° F (594° C)/2 h AC Exposure 1000° F (538° Q-55 ksi-96 h. 
""Ref. 5-heat treatment [1/3-25° F (14° Q ] /1h AC + 1100° F (594° C)/2 h AC. Exposure 950° F (510° C)-35 ksi-100 h. 
'"Ref. 6-tensile data for duplex annealed 1600° F (925° C)/15min AC + 1300° F (700° C)/15min AC. Creep data for 1675° F (910°C)/1h AC + 1100°F (594° C)/4h AC. Exposure 800° F (427° 
C)-85 ksi-50 h. 
•"Multiply by 6.89 to convert to MPa. 
""El—elongation; RA—reduction in area. 

Table 2—Room Temperature Properties of 
As-Received Sheet Material 

UTS,"" YS (0.29),"" 
ksi ksi El, 

Ti-5522S 157 
Ti-5524S 193 

151 
175 

16.5 
7.3 

<B'UTS-ultimate tensile strength (multiply by 6.89 to 
convert to MPa). 
• biys-yield strength (multiply by 6.89 to convert to MPa); 
El—elongation. 

meta l l og raph i c e x a m i n a t i o n , hardness 
tes t ing (Vickers-20 Kg) , and l o n g i t u d i ­
nal ( w e l d para l le l t o tens i le axis) b e n d 
tes t ing . Subsequen t t o th is p re l im ina ry 
eva lua t i on , se lected p o s t w e l d hea t -
t rea tmen ts w e r e chosen to be fu r t he r 
charac te r i zed by tens i le tes t ing . 

A l t h o u g h it is felt that 1400° F(760° 
C) represen ted the m a x i m u m post ­
w e l d h e a t - t r e a t m e n t fo r t h e ma jo r i t y 
of w e l d e d aerospace s t ruc tura l c o m ­
p o n e n t s , an a d d i t i o n a l 1600° F (870° C) 
h e a t - t r e a t m e n t was i n c l u d e d for c o m ­
par ison. L o n g i t u d i n a l and fus ion z o n e 
( a l l - w e l d - m e t a l ) tens i le samples hav­
ing 1 i n . (25.4 m m ) gauge sect ions 
we re tested on an Ins t ron tens i le 
m a c h i n e at a cons tan t crosshead speed 

Table 4—GTA Welding Parameters 

Voltage 10 V 
Amperage 145 A, 185 A 
Speed 5 ipm (21.5 mm/s) 
Torch gas argon 20 cfh (9.4 L/min) 
Trail gas argon 30 cfh (14.1 L/min) 
Backing gas argon 15 cfh (7.05 L/min) 
Electrode 2% thoriated, Va in. (3.2 

mm) diameter 

of 0.005 i p m (0.0021 m m / s ) w i t h a 1 in. 
(25.4 m m ) gauge leng th e x t e n s i o n m e -
ter. 

Results a n d D i s c u s s i o n 

Mechanical Properties 

L o n g i t u d i n a l b e n d data are g iven in 
Table 5, a n d tens i le data for TL5522S 
and Ti-5524S w e l d m e n t s are p r o v i d e d 
in Tables 6 and 7, respect ive ly . The 
progressive b e n d tests we re c o n ­
d u c t e d such tha t , af ter each d ie , t he 
sample was v isua l ly e x a m i n e d fo r sur­
face c rack ing ; th is in all spec imens 
in i t i a ted in t he fus ion zone . 

Both a l loys e x h i b i t e d poo r b e n d 
d u c t i l i t y in t he a s - w e l d e d c o n d i t i o n 
and af ter l o w t e m p e r a t u r e ag ing t reat ­
ments , w i t h s l ight i m p r o v e m e n t s at 
the h igher ag ing t e m p e r a t u r e . The as-
w e l d e d tens i le data for Ti-5522S 
s h o w e d l o w d u c t i l i t y w i t h unusua l l y 
h igh u l t i m a t e and y ie ld s t rengths, in 

Table 3—Chemical Analyses of As-
Received Sheet and Beta Transus (To), 
wt-% 

Titanium 
Aluminum 
Tin 
Zirconium 
Molybdenum 
Silicon 
Iron 
Yttria 
Carbon 
Nitrogen 
Hydrogen 
Oxygen 
JP 

Ti-5522S 

Bal. 
4.6 
4.8 
1.9 
1.8 
0.25 
0.05 
< 1 0 ppm 
0.035 
0.009 
0.0077 
0.114 
1825° F 
(996° C) 

Ti-5524S 

Bal. 
5.0 
4.9 
1.9 
3.9 
0.25 

-
<15 ppm 
0.010 
0.010 
0.0115 
0.106 
1785° F 
(974° C) 

ag reement w i t h Chang, 8 and s ign i f i ­
can t l y greater t h a n that r epo r ted fo r 
t h e base meta l (Table 1). Pos twe ld 

Table 5-Bend Data for Postweld Heat-Treated Ti-5522S and Ti-5524S Weldments" 

As-welded (AW) 
AW + 1400° F (760° C)/8 h (ABF) + 1100° 

F (594° C)/2 h (ABF) 
AW + 1400° F (760° C)/16h 

(ABF) + 1100° F (594° C)/2 h (ABF) 
AW + 1600° F (870° C)/2 h (ABF) + 1100° 

F (594° C)/2 h (ABF) 
AW + 1600° F (870° C)/8 h (ABF) + 1100° 

F (594° C)/2 h (ABF) 
AW + 1600° F (870° C)/16 h 

(ABF) + 1100° F (594° C)/2 h (ABF) 
AW + 1700° F (925° C)/2 h (ABF) 

Ti-5522S 

23T 
23T 

23T 

23T 

23T 

7T 

7T 

Ti-5524S 

20T 
23T 

23T 

23T 

17T 

23T 

7T 

Failure 
location 

FZ 
FZ 

FZ 

FZ 

FZ 

FZ 

FZ 

"Weld reinforcement was removed by grinding 
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Table 6-Ti-5522S Weldment Mechanical Properties 

Heat treatment 

As-welded (AW) l_ll>) 

FZ 

Ult imate 
tensile 

strength,"" 
ksi 

195.6 
193.0 

Yield 
strength,1" 

ksi 

175.4 
182.6 

Elongation, % 

0.61 
0.3 

Fusion zone 
hardness, 

VHN 

436 

A W + 1400° F (760° C)/8 h + 1100° F 
(584° C)/2 h 

A W + 1400° F (760° Q / 1 6 h + 1100° F 
(594° C)/2 h 

A W + 1600° F (870° C)/8 h + 1100° F 
(594° C)/2 h 

AW + 1600° F (870° C)/16 h + 1100° F 
(594° C)/2 h 

L 
FZ 

L 
FZ 

L 
FZ 

L 
FZ 

173.5 
173.8 

169.0 

165.4 

165.0 
165.8 

149.9 

151.6 

.56 
1.00 

.45 

4.29 

384 

364 

382 

ia'Multiply by 6.89 to convert to MPa. 
""Longitudinal. 

Table 7-Ti-5524S Weldment Mechanical Properties 

Heat treatment 

As-welded (AW) L< bt 

Ultimate 
tensile 

strength,1" 
ksi 

184.0 

, 
Yield 

strength,1" 
ksi 

— 
Elongation, % 

0.2 

Fusion zone 
hardness. 

VHN 

424 

A W + 1400° F (760° C)/8 h + 1100° F 
(594° C)/2 h 

A W + 1400° F (760° C)/16 h + 1100° F 
(594° C)/2 h 

A W + 1600° F (870° C)/16 h + 1100° F 
(594° C)/2 h 

L 
FZ 

L 
FZ 

L 
FZ 

168.6 
176.0 

174.3 
170.9 

165.4 
160.0 

156.9 
169.3 

156.0 
165.6 

151.1 
149.0 

1.0 
1.0 

1.7 
0.9 

5.0 
1.8 

404 

389 

360 

"'Multiply by 6.89 to convert to MPa. 
"'Longitudinal. 

heat-treatments reduced the weld­
ment tensile strength, approaching 
base metal strength, with only a slight 
improvement in ducti l i ty at the higher 
aging treatment. 

The same general trends were 
observed for the Ti-5524S welds, with 
nearly the same strength levels except 
for the as-welded condit ion which 
was slightly lower. However, an 
important point to note is that reason­
able ducti l i ty was not restored in Ti-
5524S weldments until the postweld 
heat-treatment temperature was in­
creased to 1700° F(925° C), 85° F(47.2° 
C) below beta transus; in Ti-5522S 
partial ducti l i ty was restored at 1600° 
F(870° C), 225° F(75° C) below its beta 
transus. This is undoubtedly related to 
the different aging characteristics be­
tween the two alloys. Hardness mea­
surements made on the fusion zone 
with comparable heat-treatments gave 
almost identical values for the two 
alloys. 

Mechanical property data for Ti-
6246 GTA as-welded fusion zone data 
by Greenfield and Duvall2 corre­
sponded wi th the as-welded proper­
ties of Ti-5524S, showing a yield 
strength of 187 ksi (1289 MPa) and 0.4% 
elongation. For Ti-6246, Mahajan and 

Baeslack1" have reported an ultimate 
strength of 168 ksi (1158 MPa), yield 
strength of 164 ksi (1131 MPa), and 
1.4% elongation for postweld heat-
treated, 1400° F (760° C) GTA weld­
ments, agreeing well wi th the Ti-5524S 
data. 

GTA as-welded data reported by 
Mitchel l1 for Ti-6242 shows an ultimate 
and yield strength of 151 (1041 MPa) 
ksi and 125 ksi (862 MPa), respectively, 
wi th an elongation of 8%, considerably 
lower strength than Ti-5522S but 
greater ducti l i ty. This difference in 
properties is not entirely attributable 
to compositional differences but is 
also likely to be related to welding 
parameters and fixturing changes 
which changed the weld cooling rates. 
Ti-6242 postweld heat-treated weld­
ments, 1400° F (760° C), in the same 
work gave a 146 ksi (1007 MPa) ult i­
mate strength and 132 ksi (910 MPa) 
yield strength wi th 7.5% elongation. 

Microstructure 

Figure 1(a-d) shows the microstruc­
tures for the base metal and weldment 
fusion zones for the various postweld 
heat-treatments for Ti-5522S. Since 
crack init iation occurred in the fusion 
zone in all heat-treated conditions, the 

HAZ microstructures are not dis­
cussed. The microstructure of the base 
metal given a preweld heat-treatment 
showed a large amount of primary 
alpha present with regions of trans­
formed beta. The as-welded fusion 
zone was characterized by a large col­
umnar grain structure composed of a 
martensitic matrix with laths of a dark­
er phase, presumably alpha, emanating 
from the grain boundaries and inter­
spersed in the martensite laths. 

Upon postweld heat-treating at 
1400° F(760° C) the fusion zone micro-
structure showed a very fine alpha-
beta structure, and coarsened some­
what with the 1600° F(870° C) age, 
while still retaining the lath appear­
ance. The amount of grain boundary 
alpha increased with the postweld 
aging temperature, but was still quite 
limited even after the 1600° F(870° C) 
postweld heat-treatment. Similar mi­
crostructures were obtained for Ti-
6242 weldments by Baeslack.11 

The microstructures for the Ti-5524S 
base metal and fusion zone, shown in 
Fig. 1(e-h), are noticeably different 
than for the more lean alloy (Ti-5522S). 
The as-welded condit ion exhibited a 
fine microstructure void of the large 
aspect ratio laths observed in the less 
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F/g. 1—Microstructures oi TP5522S (left), TI-5524S (right) base metal and GTA weldments, a, 
e-base metal; b, f-as-welded; c, g-1400° F(760° C)/16h + 1100° F(594° C)/2h; d, h-1600° 
F(870° C) + 1100° F(594° C)/2h. X400 (reduced 19% on reproduction) 

stabilized alloy. Lower temperature 
heat treatment produced a very fine 
structure similar to the same condit ion 
in Ti-5522S but again lacking the lath 
appearance; however, at the higher 
temperature a lenticular alpha struc­
ture resulted. 

Again, Baeslack" has observed mi­
crostructures very similar to Ti-5524S 
for the as-welded and aged conditions 
in Ti-6246. The postweld heat-treated 
microstructures in TL5522S and Ti-
5524S indicate different aging mecha­

nisms operating in the two alloys 
which were also indicated by the duc­
tility data. As in TL5522S, the grain 
boundary alpha content in A-5524S 
appeared to increase wi th the higher 
temperature aging but was still very 
l imited. 

Fractography 

Characteristics of the fracture sur­
faces in Ti-5522S and TL5524S are pre­
sented in Figs. 2 and 3, respectively. 

Fig. 2—Scanning electron microscope frac-
tographs of TI-5522S fusion zone. Tensile 
samples: top-as-welded (X20, X200); mid-
dle-1400° F(760° C) 116b + 1100° F (594° 

The fusion zone of the as-welded Ti-
5522S alloy failed wi th two distinct 
types of transgranular fractures which 
have been described elsewhere as 
irregular transgranular12 and faceted 
transgranular failure.13 Postweld heat-
treatment caused a decrease in trans­
granular failure and an increase in 
intergranular fracture. 

These trends continued with in­
creasing postweld heat-treatment 
temperature and time, wi th tempera­
ture being most significant. Faceting 
was observed in all heat-treated condi-

180-s I JUNE 1980 
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Fig. 3—Scanning electron microscope fractographs of Ti-5524S fusion zone. Tensile samples: 
top-as-welded, (X20, X200); middle-1400° F (760° C) 116b + 1100° F (594° C) I2h, (X20, 
X200); bottom-1600° F (870° C) I16h + 1100° F (594° Q I2h, (X20, X200) 
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tions, wi th the facets being largest at 
the 1600° F(870° C) temperature. The 
fracture characteristics of Ti-5524S 
were similar to Ti-5522S in the as-
welded condi t ion, w i th the noticeable 
exception of the occurrence of some 
" f lu t ing" which has been observed in 
other t i tanium alloy weldments.1111 

Postweld heat-treatment promoted a 
larger amount of intergranular fracture 
in the Ti-5524S weldments and a com­
plete absence of faceting. The same 
fracture trends have been observed in 
Ti-6246, whi le Ti-6242 weldment frac­

tures11 appear similar to those for Ti-
5522S. 

Transformation Characteristics 

The results of this study are best 
understood when the weldment prop­
erties | for Ti-5522S and Ti-5524S are 
considered in context wi th their con­
tinuous cooling curves (CCT). Even 
though a program to determine these 
curves is in progress, the authors felt 
that for the purposes of this study a 
reasonable approximation of the CCT 
nose times and martensite start tem­

peratures (MB) could be made by com­
bining the CCT curves for Ti-62421 and 
those for the t i tanium binary alloys.1516 

This simply consisted of adding the 
effects of Zr, Sn and Mo content on 
the nose time and M s for Ti-6242, 
assuming minimal synergistic effects. 
Table 8 shows these calculated values 
as well as those for Ti-6246 which are 
supplied for comparison. Note the 
similarity in the CCT characteristics 
between Ti-5522S and Ti-6242, and 
between Ti-5524S and Ti-6246. 

With the cooling rates normally 
associated wi th thin sheet GTA weld-
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ments (150-300° F/s), the nose o f the 
CCT cu rve s h o u l d be crossed for al l t he 
above f o u r al loys. The re fo re , u p o n 
c o o l i n g the h igh t e m p e r a t u r e be ta 
phase shou ld t rans fo rm to a lpha by a 
nuc lea t i on and g r o w t h process, w i t h 
the r e m a i n i n g beta e i ther b e i n g 
re ta ined or t r a n s f o r m i n g by shear p r o ­
cess to mar tens i te at t h e M s . I ndeed , 
GTA as -we lded m ic ros t ruc tu res d o 
s h o w e v i d e n c e of a lpha p r e c i p i t a t i o n , 
a h o m o g e n o u s p rec ip i t a te in TL5524S, 
and laths o f a lpha appear t o be in te r ­
spersed w i t h i n the mar tens i te in T i -
5522S. The w e l d m e n t mat r ix in T i -
5524S has been i den t i f i ed by X-ray 
d i f f r ac t i on as be ing o r t h o r h o m b i c 
mar tens i t i c , and for Ti-5522S all ev i ­
dence suggests t he presence of hexa­
gona l martens i te . 1 7 

The r e d u c e d aspect ra t io o f the mar­
tens i te laths in t he a s - w e l d e d TL5524S 
w e l d m e n t s is a t t r i b u t e d to the ear ly 
p r e c i p i t a t i o n o f a lpha d u r i n g c o o l i n g 
w h i c h i m p e d e s the g r o w t h o f t he mar­
tens i te . S imi lar as -we lded m ic ros t r uc -
tura l features have been observed in 
o the r o r t h o r h o m b i c mar tens i te a l loys , 
Ti-62461 1 and T i -4 .5AI-5Mo-1.5Cr. 1 -
This m e c h a n i s m was f u r t he r subs tan ­
t ia ted by wa te r q u e n c h i n g an as-
w e l d e d Ti-5524S c o u p o n f r o m above 
t h e beta t ransus. 

The resu l tant m i c ros t r uc tu re c o n ­
sisted o f large aspect ra t io mar tens i te 
laths, s imi lar t o those in TL5522S. The 
hardness o f t h e q u e n c h e d fus ion z o n e 
c o u p o n was cons ide rab ly sof ter (371 
V H N ) t h a n fo r t he as -we ld c o n d i t i o n 
(424 V H N ) , w h i c h f u r t he r substant ia tes 
tha t t h e nose o f t he CCT was crossed 
d u r i n g t he c o o l i n g o f t h e w e l d m e n t . In 
Ti-5522S, it appears tha t t h e early p re ­
c i p i t a t i o n o f a lpha has a less p r o ­
n o u n c e d i n f l uence o n the mar tens i te 
aspect ra t io ; t he reason fo r th is is 
p robab l y re la ted to t h e t e m p e r a t u r e at 
w h i c h t he nose o f t h e CCT curve is 
crossed and poss ib ly to t he type o f 
mar tens i te f o r m e d . 

Pos twe ld ag ing of b o t h Ti-5522S and 
TL5524S c lear ly show that the f ina l 
m ic ros t ruc tu res and w e l d m e n t m e ­
chan ica l p roper t ies are d e p e n d e n t o n 
t he a s - w e l d e d c o n d i t i o n s ; these, in 
t u r n , are d e p e n d e n t u p o n w e l d m e n t 
c o o l i n g rates. These facts, c o m b i n e d 
w i t h t he obse rva t i on tha t in Ti-5522S 
d u c t i l i t y is restored at a l o w e r ag ing 
t e m p e r a t u r e than in Ti-5524S, may 

Table 8—Calculated Nose Times and M s 

for Alpha-Beta Alloys 

Ti-6242 
TF5522S 
Ti-5524S 
Ti-6246 

Nose t ime, 
seconds 

2.0 
2.0 
3.0 
5.0 

M s , °F 

1290 
1200 
1060 
1000 

make this a l loy more amenab le t o 
i m p r o v e m e n t s in w e l d m e n t p rope r ­
t ies, par t i cu la r l y d u c t i l i t y , by va ry ing 
t he c o o l i n g rate d u r i n g w e l d i n g . This 
may be d o n e by va ry ing t he process, 
w e l d i n g parameters , f i x t u r i n g , o r p re ­
heat. 

Conclusions 

1. In the a s - w e l d e d c o n d i t i o n s , b o t h 
Ti-5522S a n d TL5524S w e l d m e n t s gave 
h igh s t rengths , bu t w e r e very b r i t t l e 
( 1 % e l o n g a t i o n ) . 

2. Pos twe ld heat t r ea tmen ts gener ­
al ly r e d u c e d the w e l d m e n t s t rengths 
w i t h l i t t l e increase in d u c t i l i t y except 
for t he h igh ag ing tempera tu res , 
1600-1700° F(870-925° C), and then 
o n l y marg ina l l y (4.5%). 

3. GTA w e l d m e n t s in Ti-5522S and 
TL5524S are very s imi lar t o Ti-6242 and 
Ti-6246 w e l d m e n t s , respect ive ly , in 
the i r mechan i ca l and f rac tu re behav ­
ior, as w e l l as in the i r m ic ros t ruc ­
tures. 

4. The presence o f a lpha p rec ip i t a ­
t i on in t he as -we lded m ic ros t ruc tu res 
for b o t h a l loys can be adequa te l y 
exp la ined by the i r CCT character is t ics . 
H o w e v e r , t he m o r p h o l o g y o f t he 
dup lex a l pha -mar tens i t e s t ruc tu re is 
p robab l y d u e to a c o m b i n a t i o n o f t he 
CCT character is t ics and the t ype of 
mar tens i te present . 
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