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GENERAL

Two alloys are @eated in this section. Cb 132, z solu-
tion hardened alloy, and Cb 132M, a dispersion streng-
thened modificatien.

These two alloys are characterized as having moderate
strength suitable for gas turbine blading. Such key
fabricability factors as forgeability, weldability, and
coatability are inferior to other candidate moderate
strength Cb alloys.

Commercial Designations
Cb 132, Cb 132M

Alternate Designations

None.

Specifications
Composition
Table 1.04,

Heat Treatment

Cb 132. The temperature for 100 percent recrystal-
lizadon in one hour is 3000 F with a resuiting grain
size of ASTM 4 (2).

Cb 132M. The temperature for 100 percent recrystal-
lization in one hour is approximately 3200F (3).

In process annealing temperature is 2500 F for both
alloys (3)(4).

Hardness

Ch 132. Average hardness after a 2760F, 1 hour anneal
is 263DPH (4).

Cb 132M. Hardness of as rolled sheet is 336 DPH while
sheet heat treated at 3100F, 1 hour is 297DPH (3).

Forms and Conditions Avajlable
Both alloys are available in forgings, extrusions, plate
and sheet.

Melting and Casting Practice

Typical melting and working practice fncludes double

vacuum are-melting into 6-10 inch ingots (4).
Closed die forgings of Cb 132M indicate it o be more

difficul: to forge than Cb 752 or D43. High extrusion
temperatures (over 2200 F) impajr the forgeability {5).

Spegial Considerations

Heating of Cb 132 or Cb 132M to incandescent tempera-
tures in air for short @mes results in an oxygen con-
taminated surface. All testing and heat treatments
should be in a vacuum better than 10~5 torr or when in
ultra pure He or A, the specimen should be wrapped in
Ta foil.

Creep testing for periods over 100 hours at 1800F or
above must be conducted in 2 vacuum of 107° tore or
better. A slight change in Clevel {-100 ppm) will be
noticed after 500 hours at 2000F in wlira high vacuun:(3)
Cozting of Cb 132M with Ti- Cr-Si has a significant
deleterious effect on the room temperature and elevated
iemperature tensile propertes (3)(12).
Recrystallization heat treatments, 3200 F and higher,
reduces the room temperature elongation severely
(912).

Heerystallized Cb 132M specimens when tested in ten-
sion failed in the threaded grips at siress levels below
the proportional limit due to the extreme notch sensi-
tvity of the recrystallized material (13).

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties

Melting range.

Phase changes. Cb 132 is strengthened by the solid
solution effect of the Ta, W, and Mo. Cb 132M is
strengthened by these same elements plus by the dis-
persion sirengthening effect of (Cb, Zr) C and CbC(12).
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NONFERROUS ALLOYS

Cb

Results from the X-ray diffraction analyses of electre-
chemicaily extracted precipitates from Cb 132M,
Table 2.0121 {12).

Thermal conductivity, 2
Thermal expansion.

Cb
0 Ta

Coefficient of linear expansion at Jow temperature, i5 w

Figure 2.0141 {6}.
Specific heat.
Thermal diffusivity.

Other Physical Properties
Density, 0.385 ib/eu in (1).

5 Mo
Zr

Electrical properties.
Electrical resistivity below 260F, Figure 2.0221.
Magnetic properties.

Temperature d g of the

tic susceptibility

Cbi3z

at low 1emperatures, Figure 2.0231.
Emittance.
Damping capacity.

Chemical Properties

Cb

20 Ta

Cb 132 being an ungettered alloy (no Zr or Hf addition) || 5§ w

will be corroded by alkali liquid metals and is not suit-
able for alkali liquid metal containment systems (7).
The Cb 132M with its 1,5 percent Zr addition is more
resistant 1o liquid metal coxrosion and coupled with its
high strength is z candidate for turbine components in
petassium turbine atlernators for Rankine systems (3}

5 Mo
1.5 Zr

042 C

Both allays have to be coated (see 4.04) for use in an
oxidizing environment.

Nuglear Properties

MECHANICAL PROPERTIES"

Specified Mechanical Properties
Mechanical Properties at Room Temperature

Tension.

Room temperature properties of recrystallized Cb 132,
Table 3.0211.

Compression.

Impact.

Impact of coated (V-Cr-Ti)}-8i Cb 132M at room temp=
erature (see Table 3.0331).

Bending.

Room temperature bend duectility of Cb 132, Table
3.0241.

Torsion and shear.

Bearing.

Stress concentration.

Notch properties (see Table 3.0211).

Fracture toughness. ’

Combined properties.

Mechanical Properties at Various Temperatures
Tension.

Stress-strain diagrams.

Tensile properties of Cb 132 at elevared temperatre,
Figure 3.0312.

Tensile properties of coated and urcoated Ch 132M
forgings, Table 3.0313.

In 1200F tensile tests, the Cb 132M alloy exhibits
superior tensile properties at 1200F with equivalent
ductility to other candidate turbine blade alloys {10).
Effect of 1est temperature on elongation and reduction
in area for Cb 132, Fipure 3.0315.

Compression.

Stress=strain diagrams.

Impact. .

Result of impact tests on TNV-7 coated Cb 132M a1
various temperatures, Table 3.0331.

Results of impact test on TRW coated Ch 132M at
various temperatures, Table 3.0332.

Bending,

Torsion and shear.

Bearing.

Siress concentration.

Cbi32m
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Ch

3.03M1
3.0372
Cb 3.038
20 To
3.04
15 W |30
3.042
5 Mo 3.043
Zr
C |so0a
3.043
Cb132
3.046
Cb |5.0s
20 Ta | 3.051
15 W |3.082
S Ma | 3.053
1.5 2Zr
02 C
CbI132M 2.05
3.061
3.062
3.063
4.
4.01
4.011
4.0z
4.03
4.031
4,032
2.04
4,041
4.042
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NONFERROUS ALLOYS

Notch properties.
Practure toughness.
Combined properties.

Creep and Creep Rupture Properties

Stress versus time to rupture for Ch 132, Figure 3.041
100 hour tetal creep curves for Cb 132, Figure 3.042.
Minimum ereep rate for Cb 132 heat treated at 3000F,

1 hour and tested at 2400F - 9000 psi is 0.00009 in/in/
hr. Under these condidons, time to start third stage
creep is 50.0 hours (2).

Creep data for Cb 132M, Table 3.044.

Cb 132M bar coated with TNV-7 {V-Cr-Ti)-5i when
tested a2t 2200F and 1274 ksi had greater than 124 hour:
life (11).

Stress rupture life of Cb 132M fa various conditions,
Table 3.046.

Fatipue Properties

Fatigue properties of coated Cb 132M at 1800F, Table
3.051.

Results of fatigue tests on TRW Ti-Cr-8 (vacuum)
coated Cb 132M alloy in air at 2200F, Table 3.052.
The thermal fatigue life of Cb 132M specimens coated
by both the TRW Ti-Cr-Si vacuum and slip process was
lower than other candidate systems, Cb 128y and D-43
and their coatings, by a slgnificant margin, Cycling
wag performed by heating in 2 combusted JB-3 fuel and
alr mixture and cooling to 200F - one minuts at temp=
erature plus 30 second air blast.

Elastic properties.

Poisson's ratio.

Modulus of elasticity.

Modulus of rigidity.

FABRICATION

Formability

General. The as melted ingot is surface propared by
machining and grinding, canned in either a Mo or Fe
can and extruded at 2050F to a 3-8 inch diameter billet.
The conditioned billet is process annealed at 2500 F and
further cold reduced with appropriate anneals to the
desired bar, sheet, or plate. Final recrystallization
annesl {5 carried out in vacuum at 3000-3200F depend-
ing on the adloy (4).

The low ductility of recrystallized sheet (Table 3,0241)
places Cb 132 and Cb 132M in the difficult to fabricate
category. In the as processed condition, formability
should be satisfactory. In such applications, operating
use temperature must s@my below the recrystallization
temperature of 3000F (2).

Machining and Grinding

Weldinz

GTA welding of Cb 132 reerystallized 0,030 inch sheet
produced severe longitudinal weld shrinkage cracks that
propagated into the base metal (2).

Diffusion bonding studies showed that satisfactory bonds
can be obtained at 2200F between Cb-10Ta-10W-1Zr
sheet and Cb 132M plates. Samples bonded at 2200F
showed a smaller degree of carbon migratien from the
Cb 132M than those bonded at 2400F. Bonding was
facilitated by the use of a vanadium foil intermediace
layer acting as an interstitial sink. (10}.

Surface Treaument

Weight change of coated Cb 132M in an oxidaton-
erosion test compared to conventional super alloys,
Figure 4.041.

Cb 132 sheet specimens were coated with Sylvania
Al-Sn (R-505C) and TRW Ti- Cr-Si and exposed to stakic
and dynamic tesis. In the sratic test, exposure at
various (cmperateres from 1300 to 2700F in 25 hour
{ntervals, the coating Ti-Cr-Si out-performed the Al-Sn
In the dynamic erosion test {rotated on 3 spindle at
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1750 rpm in a JP-5 fuel air combustdon atmosphere},
the Sn-Al coatng after 100 hours showed severe erosion
effects while the Ti-Cr-S8i coating looked satisfactory(2)

4.043 Ch 132M ceated with TRW Ti=Cr-8i (vacuum) when
tested in a combusted JP-5 fuel and air stream in a
similar apparatus (6 that described in 4.042 demon-
strated an oxidation-erosion life of 100 hours at 2200F
plus 40 hours &t 2400F. When the coating is applied
ueing the TRW slip process, life is slightly poorer -
60 hours rather than 100 hours at 2200F (13).

4.0431 Onddation-erosion life of TRW Ti-Cr-Si (vacuum) coated
Cb 132M as a function of temperature, Figure 4.0431.

4.044 Cb 132M tensile speel d with the Sylvania
8n- Al (505F) coating were prestrained at 70 and 1300F
{typical turbine blade root temperatures ai smesses up
to 67 kst){proportonal limit is 55 ksi) and then exposed
to a 1300 F oxidizing environmnea: lor & hours., Speci-
mens designed to avoid kigh swess concentrations
showed no visual coating faflures, All others failed in
a brittle mode due to the notch sensitivity of the re-
erystallized base metal (13).

4.045 Effect of ballistic impact on exidation life for Ti~Cr-5i
spectmens, Table 4.045.

TABLE 1.04
Source (1)
Alloy Cbl32 | Cbla2M
Elerment Perpent
Tantalum 20 20
Tungsten 15 i35
Molybdenum 5 5
Zirconium - 1.5
Carbon 0.0010 0.1000
Oxygen 0.0200 0.0250
Hydrogen 0.0010 0.0010
Nitrogen 0.0020 0.0100
Colurnbi Balance
TABLE 2.0121
Sourece {12}
Alloy Cb-20Ta=15W-5Mo~1.52r-0.12C
Form Forged Bar
Condition Extruded Forged rorged
+1 hr at 3600F
Zr/C Ratio 11:1{a) | 21:1{b) 112 [21:1 11:1 | 2211
Phase Amount of Phasc in Specimen
CbaC appreciable | very |very |none hppreciable | some
' jlittte  |lirtle
CcbC major some [none [nome | majer major]
{Ch, Zr)C none major |majorjmajor very little | none
ZrOs none none |noae fvery none very
ittte littte
(2} 1.1 percemt Zr, 0.10 percent C
(0} 1.9 perceni Zr, ¢.09 percent £
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TABLE 3.0211
Source {2) Cb
Alloy Chb-20Ta- 15 W-5Mo
Form 0.030 inch shect 20 TCI
Condition Recrystallized 3000F, 1 ke
MNOOK K =7.5 15 w
Notch
0.500] Nowh Radius = 5 Mc
0.005
Temperature - F RT Zr
Fru - ksi, (Kt =1.0) 97 c
Fey - ksi, (Kt = 1.0} 83
e(l In)-pereent(Ke=10 1
S = Cbi32
Cb
20 Ta
TABLE 3.0241 IS w
Source 2) 5 Mo
Allo Cb-20Ta- 156W-5Me
Form 0.030 inch sheet 1.5 Zr
Condition AS received, cross rolled| Recrystallized 3000F, 1 br
Direction Parallel | Transverse | Parallel | ‘fransverse 0.2 C
Bend [*IT | Failed(58%) | Fuiled(s5%) Not Tested
Radius|5 1/3T| Failed(30) | Failed (39%)| Failed(0®) | Failed (0°) Cbl32M
* 90 degree V-block with 12 inch per minute ram speed
Single tests for each condition
100 T T
. Cb-20Ta-15W-5Mo
™~ 0.930 INCH SHEET
o ~ RECRYSTALLIZED 3000F, 1 HOUR
80 ~< <
~ ~
[~ . Fry
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FIG. 3.0312 TENSILE PROPERTIES OF Cb-132 AT ELEVATED
TEMPERATURE. 2)
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TABLE 3.0313
Ch | [Souree (9)32) TABLE 3.0331
Alloy Cb-20Ta~-15W-5Mo-1.52r-0.1C Source 1)
20 Ta | [Coating TRW Ti- Cr-81 Alloy Ch-207Ta-15W-5Mo-1.52r-0.1C
Condition [i] d Coated Form 0.5 Inch bar
15 W | [Temperamre¥ ET 2400 RT | 2400 Coating (V-Cr-Ti)-= (TNV-7)
Prior Treatment] a b a b b b Temp - F RT | 1400F |  2200F
5 Mo | [Fe 131.8 | 89.2 [56.7 [58.3 | a5.6 | 42.7 [ 1mpact®, in-lbs 3-16 | bent | bent
yi Fry 122.1 - 49.2 43.9 - 40.2 * Impact at 157 inch-pounds at a veloeity of 136 inches
' [leqQ in) -percem | 2 0.5 | a7 20 0 5 per second (miniature Lzod test, specimen 0.187 x
c (a) As extruded (3400F) material prior to forge-extrude operation. .187 x 1.5 inch) is the capagity of the equipment.
{b) Heas treated at 3600F, 1 hr after forging to a turhine blade.
Cb132
Cb 80 i
20 Ta — Co-20Ta-15W-5Mo
0.25¢ INCH DIAMETER BAR
15 w HEAT TREAT 2732F, 1 HR
70 =
5 Mo \\
RA
1.5 Zr N TABLE 3.0232
o2 ¢ 60 [Source (14}
- [Alloy Ch-20Ta-15W-5Mo-1.52r-0.1C
= Form 1.25 inch bar
Cbl3zM = [Condition As_extruded
E 50 Type Test Charpy - smooth .
[N . Coating TRW Ti-Cr-5i (vacuum) pack
/ Condition EUncoated Coated
Temperature - F 70 70 [1400 | 1700 [ 2000
© IE (it 1b)* 5 0.75 § 2.25 | 1.25 | 4.73
M * A e of two tests
30
1500 2000 2500
TEMPERATURE - F
FIG. 3.0315 EFFECT OF TEST TEMPERATURE ON ELONG-
ATION AND REDUCTION OF AREA FOR Cb 132.
)
50 ;
Cb-20Ta-13W-5Mo
80 0.250 DIAMETER BAR
. 732F, 1 HR HEAT TREAT
1800F
—— ]
E_\ —.\_____‘__ 2200F M :
€ 20 T — ] : l
% 1 2400F i
= ; A .
= P ——] 2500F :
) | T ]
10 : -
8 7
s
1
0.1 0.5 1.0 5,0 10.0 50.0 100.0
TIME - HOURS
FIG. 3.031 CREEP RUPTURE CURVES AT VARIOUS TEMPERATURES FOR Cb 132. “)
coDE 5210
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Cb

100 T T ] TABLE 3.051
20 Cb-20Ta-15W-5Mo fSource 11} Cb
0.250 DIAMETER BAR Alloy Cb=20Ta-15W-5Mo—1_5 2r-0.1C
2732F, 1 HR HEAT TREAT Form 0.5 inck bar 20 Ta
60 \ i Condidon Coated with (V- Cr-Ti)- 51 (TRV-1]
A RUPTURE Test Temp - F 1800 15 w
8 10 PERCENT Froax - kSl 51.0% | 49.0 | 49.5 47.0 | 48.5 5 M
40 ® 1 PERCENT Froin - ksi - 9.8 | 0.0 9.4 9.7 o
\ # 0.1 PERCENT Cyeles to failure 1/4 1760 | 2100 8470 | 11,630 7r
\ *Fry
7 C
20 ™
73
d \ N Cb132
[
=] \
10 < \ Ch
8 \\ N 20 Ta
.
8 . 15 w
1:\ 5 Mo
4 < TABLE 3.052 1.5 Zr
Source (14) 02 C
1800 | 1800 2000 2200 2400 2600 gf:; Co 20?;;5:;;]‘::1'52"'“'1(: -
EMPERATURE - F -
T AT Condition As extruded CbI32M
FIG. 3.042 100 HOUR TOTAL CREEP CURVES FOR ;’::i”gndmon TRW “‘;‘;‘512 2‘;;;’-‘“”3) Pack
Cb 132. 4 "
@ Stress, ksi 50 40 35
Life - Failure Failure No Failure
cycles 0, 25 x 107 0.47 x 107 after 107
Note: All tests conducted in reverse beading using 4 TESOMAMT
frequeney of 600 cycles per second.
TABLE 3.044
Source {3)
Alloy Ch-20Ta-15W-5Mo=1.52Zr-0.1C
Form. 0.%50 inch Plate
Condition Recrystallized 3092F, 1hr
Temperature - F 2056 2256
Siress - ksi 20 16.3 7.4
Creep - percent 0.5 1.0 [ 0.5 [ 1.0 057 1.0
- hours 275 | 495 [340 | 670 | 250 [ 350
[Minfroum ¢reep tate " I |
infin _/hr 2.0x105] 1.5x1078] 1.8x1075 Cb-20T8-15W-5M0-1. 5 21~ 1C
2600 AS EXTRUDED
\ 1.25 INCH BAR
TESTED IN COMBUSTED JP-5
\ FOR TEST CONDITIONS SEE 4.042
2400 |
= 2200
4 \
=
=
=
TABLE 3.046 = 2000 _ &
Source (12) &
Alloy Cb-20Ta~15W-5M0-1.3 Zr-0.1C =
Form Forged Turbine Blade - Air Foil- @
Stress, ksi 25 " 1800 \
Temperature - F 2400 ~
Chemistry 1.1 percent Zr - 1.9 percent Zr -
0.1 percent 4.0% percent C
Condition 1 2 3 1 2 3 4 1600
Tife - hours 26 | 1.9 [ 57 | iz 1 58 | 20 40 a0 100 200 200 1000
e{0.5 in} ~ percent | 44 ]40.5 13 30 39 11 - AVERAGE TIME TO FAILURE - HOURS
- As exiruded (COATING FAILURE)
2, Forged.
3. Annealed 3600F, 1 hour . : FIG. 4.0431 OXIDATION-EROSION LiFE OF TRW Ti- Cr-Si{VACUUM)
4. Annealed 3600F, 2 hr plus TRW Cr-Ti-8i coating (26, 200 ps?) COATED Cb 132M AS A FUNCTION OF TEMPERATURE. (14)
CODE 5210
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.30

I 1 il
Cb Cb-20Ta-13W-5Mo-1.52r-.1C
COATED TNV-T,(V-Cr-Ti)-5i
20 Ty
0.25 =N < TD NiCr ——
15 W
5 Mo
Zr 0.20
w
¢ |z
. So.15
bi32 :
:
S0.10
Cb | E /
15
20 Ta | = )/:‘_ -52
0.05 Cb 132M]
15 w / +TNV-1
5 Mo -l
0 $ + nd
I 5 zr 0 200 400 600 300 1000 1200
012 ¢ NUMBER OF CYCLES
. (3 MIN AT 2000F, 2 MEN COLD)
Cbi32M FIG. 4.041 WEIGHT CHANGE OF COATED Cb 132M IN AN OXIDATION
EROSION TEST COMPARED TO CONVENTIONAL
SUPERALLOYS. @y
TABLE 4.045
Source {13}
Alloy Cb-20Ta-15W-3Mo-1.52r-0.12C
Farm 0.125 x 0.5 x 2.0 inch coupons
Condition As extruded from 3400F at 5:1 ratio
Coaziing TRW Ti-Cr-Si vacuum TRW Ti-Cr-5i slip
Specimen Temp - F
{at impact) 70 2200 2400 70 2200
Impact Velocity (a)
{ft per sec) 1200 | 500 | 200 | 500( 900] 200 [200 | 500] 200 }S00
Cnijdation life at
2200F, aliter fmpact
hours {b)| 8 )| 8 [5.5]9 E) 3 5 5
{a) Weight of steel pellet - 0.75 grams
(b} Fracture
copE 5210
PAGE 6

1¢.

1.

12.

13.

14,

RELEASED: DECEMBER 1971

REFERENCES

Wah Chang Technical Informatien, Volume IO{August
(August 1966).

Talboom F. P., et. al., "Cb Systems for Turbkine
Blade Applications,’” United Afrcraft Corporation,

SAE and ASME Paper B43F presented at the Air
Transport and Space Meeting, New York, New York
(April 27-30,1964).

Sawyer, J. C. and Steigerwald, E. A., "Generadon

of Long Time Creep Data of Refractory Alloys at
Elevated Temperatures,” NASA CR-1115, TRW
Equipment Labs, NAS 3-2545 (August 1868).

Harris, B., "Structural Changes During Creep of a
Solution Hardened Niobium Alley," United Aircraft
Corperation, Journal of Less Common Metals, Volume
9, No. 4 ({October 1965) pp. 244-257.

Review of Recent Developments "'Cb, Ta, and Mo"

E. 5. Bartlett Et. Al., DMIC (July 2, 1965).

Harris, B. and Peasock, D. E., "Physical Properties
of Some Niobium Alloys at Low Temperatures,”

United Aireraft Corporation, Trans AIME, Volume 236
(April 196€) pp. 471-473.

Stang, J. H. et. al., "Compatikility of Liquid and Vapa
Alkali Metals with Consiruction Materials,” DMIC
Report 227 {April 15, 1966).

Maykuth, D. J., et al., "Rev of Recent Developments in
Refractory Metals,DMIC {October 15, 1968}).

vanOrsdel, J., et al., "Review of Recent Developments
Refractory Metals,” DMIC (May 12, 1867).

Van Orsdel, J., etal., "Review of Recent Detelopments
Refractory Metals, DMIC (April 16, 1969).

Stetson, A. R., "Evaluation of Various Materials for
the Puture Use in Structural Applications in the Hot

End of Gas Turbine Engines,'' Solar, 15th Meeting of
the Refractory Compesites Working Group (February
3-5, I969).

Lake, F. N., Smeel, C. R., Process Development for
Precision Forging Columbium Base Alloys, TRW, Inc.,
T.R. AFML-TR-67-94 (April 1967).

Hauser, H. A. and Holloway, J. F., Jr., Evaluatien
and [Improvement of Coatings for Columbium Gas
Turbine Engineé Compeneénts, Pratt & Whimey Aireraft,
AFML-TR-66-156, Part 1 (July 1966).

Holloway, J. F., Jr., 10th Quarterly Report on Evalu-
ation and Improvement of Coatings for Columbium
alloy Gas Turbine Engine Components, PWA-3215
AF33(615)-2117 (October 19, 1967).



