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MECHANICAL PROPERTIES OF URANIUM-BASE NIOBIUM ALLOYS 

Ross J. Jackson and Joseph F. Boland 

Abstract. Tensile properties of gamma-quenched and aged 
binary U-2, U-4, U-5, U-6, and U-8 wt% Nb alloys, and the 
ternary U-7.5 wt% - 2.5 wt% Zr alloy are presented. Two 
hundred sixty-four different combinations of composition- 
time- temperature representing 527 tests are included. 
Impact properties of gamma-quenched and aged binary 
U-4 and U-6 wt% Nb alloys, and the ternary U-7.5 Nb - 
2.5 Zr alloy are presented. Thirty-six different combinations 
of composition-time-temperature representing 106 tests 
are included. 

INTRODUCTION 

T h s  report summarizes mechanical property data gen- 
erated at the Rocky Flats Plant on uranium-base niobium 
alloys and is current to April 1, 197 1. Two other Rocky 
Flats reports have dealt with mechanical properties of these 
alloys. Jackson and Miley' discussed tensile properties 
of the quenched and aged U-4, U-6, and U-8 wt% Nb 
alloys from a fundamental mechanistic point of view. 
From a similar point of view, Jackson and Boland2 
discussed mechanical properties of the U-7.5 wt% Nb- 
2.5 wt% Zr alloy. For a discussion of the structures. 
and strengthening mechanism involved with uranium- 
base niobium alloys the reader should consult the two 
above mentioned reports, since these subjects are not 
covered in this report. 

Other reports dealing with mechanical properties of 
uranium-base niobium alloys are as follows. Zukas3 
discussed the transformation kinetics and mechnnicol 
properties of the U-0.5 wt% Nb-0.5 wt% Mo alloy. 
Peterson and others4, s * 6  studied physical and mechan- 
ical properties of numerous uranium alloy compositions, 
but prime interest was centered on the U-7.5 wt% Nb-2.5 

type of bar used in a given test is specified in the figure 
caption. Spot checks for several fvted compositions and 
heat treatments using sister cylindrical and flat specimens 
or different size bars yielded near identical values for the 
measured tensile properties. Therefore, specimen geometry, 
w i t h  the limits of Figure 1, does not appear to  alter 
measured tensile values. 

Other test data such as composition, date of test, thermal 
and mechanical history, test temperature, strain rate, bars 
per datum point, etc., are also listed in the individual 
figure captions. 

Tensile Properties of U-2.4 wt% Nb: 

Tensile test data for gamma-quenched U-2.4 wt% Nb alloy 
aged 24  hours at various temperatures appear in 
Figure 2. 

Tensile Properties of U-4.2wt% Nb: 

Figure 3 shows room temperature tensile test data for 
gamma-quenched and 80-hour aged U-4.2 wt% Nb alloys. 
Figure 4 lists transverse and longitudinal room temperature 
tensile test data for gamma-quenched U-4.2 wt% Nb alloys 
aged for 24 hours at various times. Figure 5 shows room 
temperature tensile test for gamma-quenched U-4.2 wt% Nb 
alloys aged at 260°C for various times. Figure 6 lists 
comparative room temperature tensile data for gamma- 
quenched U-4.2 wt% Nb alloys aged at 260°C and 2 7 0 ' ~  
for various times. There is no' duplication of data in 
the four figures. 

w t % ~ r  alloy. ~ o g e '  investigated the effects of dynamic 
Tensile test bars longitudinal to the working direction 

tension loading on the mechanical properties of the U-7.5 
(the alloy is worked prior to the 800°C heat treatment) 

wt% Nb-2.5 wt% Ar alloy. Hoge found that tensile strength 
show slightly different tensile properties than bars transverse 

increased moderately with increasing strain rates to 
(long transverse direction) to the working direction. This 160 in./in.-sec.), but more important was the fact that 
difference is shown in Figures 7 and 8 for two separate 

dynamic loading caused only a slight decrease in ductility. . 
groups of hot forged gamma-quenched and 260°C and 
270°C 80-hour aged U-4.2 Nb alloys, respectively. The 
difference in longitudinal and transverse tensile values 

TENS1 LE PROPERTIES for two separate groups of U-4.2 wt% Nb alloys aged 
24 hours at 245°C is shown in Figure 9. The 

Roth cylindrical and flnt tcnsile bars we1.e used, and the difference in the two groups is believed oaused by 
dimensional specifications are listed in Figure 1.  The the anneal time at . 8 0 0 " ~  or to hydrogen content. 



Tensile Properties of U-4.5 wt% Nb: 

Figure 1 0  shows room temperature tensile-test data for 
gamma-quenched U-4.5 wt% niobium alloy aged one hour 
at various times. Figures 1 l a  and 1 l b  show comparative 
room temperature tensile test data for gammaquenched 
U-4.5 wt% Nb alloys aged at  250,260,270, and 280°C 
for various times. The tensile data for the 250" and 
2 6 0 " ~  age shown in Figures 1 l a  and 1 l b  are plotted 
on a log time scale in Figure 12. Tensile test data for 
virgin arc-cast U-4.5 wt% Nb aged 24 hours at various 
temperatures are shown in Figure 13. 

Tensile Properties of U-5.0 wt% Nb: 

The 0.3.96 offset yield strength as a function of comgo- 
sition (U-4.5 to U-5.1 wt%Nb) is shown in Figure 14. 

Tensile Properties of U-6.3 wt% Nb: 

Figure 15 shows tensile test data for a U-6.3 wt% Nb 
alloy aged one hour at various temperatures. Tensile 
test data for gamma-quenched U-6.3 wt% Nb alloy aged 
at 150°C for various times appears in Figure 16. Hot 
tensile strength data for the U-6.3 wt% Nb alloy aged 
two hours at a given temperature and then tested hot 
is shown in Figure 17. 

Tensile Properties of U-8.5 wt% Nb: 

Tensile test data for gamma-quenched U-8.5 wt% Nb 
aged one hour at various temperaluies is shown in 
Figure. 18. 

Tensile Properties of U-7.3 wt% Nb-2.5 wt% Zr: 

Figure 19 shows tensile test data for gammaquenched 
U-7.3 Nb-2.5 Zr aged 8 0  hours at various temperatures. 
Figures 20a and 20b show similar data for the U-7.3 Nb- 
2.5 Zr alloy aged 6 and 3U hours at various temperatures. 
Tensile test data for gamma-quenched U-7.3 Nb-2.5 Zr 
alloys aged at 2 0 0 " ~  for various times is shown in 
Figure 2 1. 

COMPRESSIVE PROPERTIES 

Compressive data on uranium-base niobium alloys are 
in short supply. 

Compressive Properties of U4.2 wt% Nb: 

Comparative compressive and tensile 0.2% offset yield 
strengths for the 800°C water quenched and aged 
U-4.2 wt% Nb alloy are listed in Table 1. These alloys 
show a higher 0.2% offset yield strength in compression 
than in tension. 

Table I. Comparative Compressive.and Tensile O.% Offset Yield 
Strengths 

Composition: U-4.2 wt% Nb . . .Bar Type: 3:1, L:D 
Date: 4/70; 11 170 

Material: Induction-cast recycle, homogenized 2 hr ar 1100 OC, 
hot forged 80O0C, water quenched, compressive 
blanks machined. 

HisLo1.y: Gammilized 30 min, at 800°C, water quenched, 
aged 8 0  hr at 260°C or 2 7 0 ' ~ .  air cooled, 
tested 2 4 ' ~ .  

Strain Gage: SR-4. 

Compressive - Tensile 

Heat 0.276Y.S. No.o f  0.2%Y.S.  No.of 
Composition Treatment ( l o 3  psi) Bars ( l o 3  psi) Bars -- 
U-4.2 wt% N b  Aged 8 0  hr 176 4 163 3 

at 2 6 0 " ~  

U-4.2 wt% Nb Aged 8 0  hr 189 4 1 7 4  32 
at 2 7 0 ' ~  

IMPACT PROPERTIES 

Standard V-notch Charpy impact specimens were used. 
Test data such as composition, date of test, thermal and 
mechanical history, test temperature, bats per dtlturr~ 
point, ctc., arc hsted in the i~dlvidual~l lgi~la ~.:iil~l.ir'r~\~. 

Impact Properties of U-4.2 wt% Nb: 

Charpy V-notch impact strengths for gamma-quenched 
U-4.2 wt% Nb aged 8 0  hours at  270°C and then tested 
at temperature are shown in Figure 22. 

Impact Properties of U-4.5 wt% Nb: 

Room temperature, Charpy V-nulch i ~ i ~ p a c t  strengths 
for gamma-quenched U-4.5 wt% Nb alloys aged one hour 
at various temperatures appear in Figure 23. 

Impact Properties of U-6.3 wt% Nb: 

Room temperature, Charpy V-notch impact strengths 
for gamma-quenched (both water and air quenched) are 
shown in Figure 24. Impact strengths as a function of 
density (niobium content) appear in Figure 25. 
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Impact Properties of U-7.3 wt% Nb-2.5 wt% Zr: 

Impact test data (Charpy V-notch) for gamma-quenched 
U-7.3 wt% Nb-2.5 wt% Zr aged 30.hours at various 
temperatures appear in Figure 26. Impact test data 
(Charpy V-notch) for gamma-quenched U-7.3 Nb- 
2.5 Zr aged at 200°C for various times is shown in 
Figure 27. 
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Figure 1. Design and Specification of Tensile Bars Used In This Study. 
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Figure 2. Tensile Test Data for 24 Hour Aged U-2.4 Nb AUoy. 
Composition: U-2.4 wt% Nb. ... Bar Type: R 4 .  ... Date: 2/71. 

Material: Single-arc-cast virgin, hot forged 820°C, homogenized 2 hr at 1050° C, hot rolled 620°C, rough tensile blanks machined. 
History: Gammaized 20 min. at 820°C, water quenched, aged 24 hr at temperature, air cooled, machined, 

tested 24°C. 
Strain Rate: 0.005 in/in.-min. ... ~ a r s ' ~ e r  datum point: 2. 



F i e  3. Tensile Test Data for 80 Hour Aged U-4.2 Nb Alloy. 
... Composition: U-4.2 wt% Nb. ... Bar Type: R-3. Date: 3/70. 

Material: Induction-cast recycle. homogenized 4 hr at 1 100°C, hot forged 800°C, water quenched, tensile blanks machined. 
History: Gammaized 30 min. 800°C. water quenched, aged 80 hf at temperature, air cooled, machined, tested 24°C. 

Strain Rate: 0.005 in./in.-min. ... Bars per datum point: 1. 
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TEMPERATURE,  O C  

Figure 4. Longitudinal and Transverse Tensile Data for U-4.2 Nb Aged 24 Hours. 
Composition: U-4.2 wt% Nb. . . .  Bar Type: R-4. ... Date: 1/71. 

Material: Induction-cast recycle, homogenized 4 hr at 1 100°C, hot extruded 800°%, water quenched, tensile blanks machined 
transverse and longitudinal to extrusion directinn. 

History: Gammaizod 30 min. 800°C, watei quel l~l~ed,  aged 24 hr ar various temperatures, a r  cooled, machined, tested 24°C. 
Strain Rate: 0.005 in./in.-min. ... Bars per datum point: 2. 



RFP- 1 703 

# 

1 7 1 
-- 

- U-4.2 Nb AGED I 
- I 

I 

i i + 260au I 1 - i i j 
I ! j Q i ! 
j 1 - 

: 0 
i .--,----....-.+-... . .  L I.. 1 ..... ................... 2 .-.., 
I . i l o e o e  0 0  : A 

I h  j 
d 

i 
I 

0 6 Q i  0 , O  0 i i 
C 

! 0 
! 

! ! r b. 
* 

.................... ..... b., .,.,-.- .......... . .  , - 
, I j e - 

I P 
i 1 i 0 - 

;b A ! 

i I 
.......... ! ............ L . . . . .  i . 

j I i Q i ! 
i 

4 

j U . : . S .  - 
I 

1 6  / a 0.2% Y S .  , - 
.......... .... i ................ .................. ;. ... ......-,............ : ....... L ---.-...-.-.- 

I 

; & a ;  d 

j 

. . . . . . . .  .......... . . ................... ..'.. ..................... 

r --.--.. . - -. 

24m Ihr 4hr IGhr 64hr e 5 6 h r  
1 

1 

i % ! R / ~  
i . . . . . . . . .  . . : % ~E\QW+--!-- g g i  c g  ! 

. B A  I 

; a .  8 .a. . . . . . . . . . . . . .  . . @ :Q 
; 6 8 6;* 

. . . . . . .  , . . .  . .  0 
B I I . 

3 m  12m 4Bm Oh, B hr 32hr leehr S \ 2  hr . I 1 . 

I I 
... ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a: A 6 * I , : a & A L m a  t 

- .  A 
I f 
j ; h Modulus 1 - 

..... . .  , . . . . . .  . . . . .  . . 
L 1 I 1 A 

I 10 I 02 103 104 105 
LOG TIME , M I N U T E S  

Figure 5. Tensile Test Data for 260°C Aged U-4.2 Nb Alloy. 
. . .  ... Composition: U-4.2 wt% Nb. Bar Type: R-3. Date: 3/70. 

Material: Induction-cast recycle, homogenized 4 hr at 1 100°C, hot extruded 80O0C, water quenched, tensile blanks machined. 
History: Gammaized 30 min. 800°C, water quenched, aged 260°C for various times, air cooled, machined, tested 24°C. 

. . .  Strain Rate: 0.005 in.lin.-min. Bars per datum point: 1. 
, 

8 
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Figure 6. Tensile Test Data for 260" and 270°C Aged U4.2 Nb Alloy. 
composition: U-4.2 wt% Nb. ... Bar Type: R-3. ... Date: 9/68. 

Material: Induction-cast recycle, homogenized 2 hr at llOO°C, h ~ t  extruded 80O0C, wat,er rliiench~d, tensile h l a n h  machined. 
History: Cammaized 30 min. 800°C, water quenched, aged 260°C or 270°C for various times, air cooled, machined, tested 24OC. 

Strain Rate: 0.005 in./in.-min. ... Bars per datum point: 1. 
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Figure 7. Longitudinal and Transverse Tensile Data for U-4.2 Nb Aged 80 Hours at 260°C. 
. . .  Composition: U-4.2 wt% Nb. ... Bar Type: R-4. Date: 7/69. 

Material: Induction-cast recycle, homogenized 4 hr at 1 100°C, hot-forged 80O0C, water quenched, tensile blanks machined 
transvcrru: and longitudinal to working direction. 

History: Gammaized 2 0 6 0  min. 800°C, water quenched, aged 80 hr at 260°C, air cooled, machined, tested 24OC. 
Strain Rate: 0.005 in./in.-min. . . .  Bars per datum point: 1. 
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Figure 8. Longitudinal and Transverse Tensile Data for U4.2 Nb Aged 8 0  Hours at  260°C. 
.. Composition: U4.2 wt% Nb.. Bar Type: R-4. ... Date: 7/69. 

Material: Induction-cast recycle, homogenized 4 hr at 1 100°C, hot-forged 800°C, water quenched, tensile blanks machined 
transverse and longitudinal to working direction. 

History: Cammnizcd 20.60 min. 800°C, w ~ t c l  quendled, aged 80 hr at 270nC, au cooled, mach~ned, tested 24°C. 
Strain Rate: 0.005 in./in.-min. ... Bars per datum point: 1. 
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Material: Induction-cast recycle, homogenized 2 hr at 1 100°C, hot extruded 800°,C, water quenched, tensile blanks machined 
transverse and longitudinal to extrusion direction. 

History: Gammaized 15 or 45 min. 800°C, water quenched, aged 24 hr at various temperatures, air cooled, machined, tested 24OC. 
Strain Rate: 0.005 in./in.-min. . . . Bars per datum point: 1. 
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Figure 10. Tensile Test Data for 1 Hour Aged U-4.5 Nb Alloy. 
Composition: U4 .5  wt% Nb. . . . Bar Type: F-1. . . . Date: 10166. 

Material: nouble arcxast virgin, h~mogen izd  2 hr'nt 1 lflfl°C, hnt rolled BOOQC, wal71 quenched, renslle blnRk9 itiactiiql, 
Hlslury: Gammalzed 315 iniii. at Buu'C, water quenched, aged 1 hr at various temperatures, air cooled, machined, tested 24OC. 

Strain Rate: 0.002 in./in.-min. . . . Bars per datum point: 3. 
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Figure 1 la. Tensile Test Data for 250,260,270,280, and 295°C Aged U-45 Nb Alloy. 
Composition: U-4.5 wt% Nb. ... Bar Type: R-3. ... Date: 4/68. 

Material: Induction-cast recycle, homogenized 2 hr at 1l0O0C, hot forged 800°C, water quenched, tensile blanks machined. 
History: Gammaized 30 min. 800°C, water quenched, aged 250,260,270,280, and 295°C for various times, air cooled, machined, 

tested 24°C. 
Strain Rate: 0.005 in./in.-min. ... Bars per datum point: 1. 
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Figure 1 lb. Tensile Test Data for 250,260,270,280, and 295°C Aged U-45 Nb Alloy. 
Composition: U4.5 wt% Nb. ..'. Bar Type: R-3. ... Date: 4/68. 

Material: Inductioncast recycle, homogenized 2 hr at 1 100°C, hot forged 800°C, water quenched, tensile blanks machined. 
History: Gammaized 30 min. 800°C, water quenched, aged 250,260,270,280,  and 295°C for various times, air cooled, machined, 

tested 24OC 
. ... Etrain Ratc: 0.005 U I . / ~ I I . - I I I ~ ~ .  Bars per d a t m  point: I. 
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Figure 12. Tensile Data for 250°C and 260°C Aged U-4.5 Nb Alloy. 
Composition: U4.5 wt% Nb. . . .  Bar Type: R-3: ... Date: 4/68. 

Material: Induction-cast iecycle, homogenized 2 hr at llOO°C, hot forged 800°C, water quenched, tensile blanks machined. 
History: Gammaized 30 min. 800°C, water quenched, aged 250 and 260°C for various times, air cooled, machined, tested 24OC. 

... . Strain Rate: 0.005 in./in.-min. Bars per datum point: 1. 
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Figure 13. Tensile Test Data for Virgin, Arc-cast U45 Nb Aged 24 Horns. 
. Composition: U-4.5 wt% Nb. . . . Bar Type: R-4. . . . Date: 1/71. 

Material: Double arctast  vkgin, homogenized 4 hr at 1 10O0C, hot forged 80O0C, water quenched, tensile blanks machined. 
' 

Mictorjr: Cammahod 30 min. at 610O0C, alator quonohod, agod 31 hr at variouo tomporntwos, air ooolod, machinod, tested 24°C. 
Strain Rate: 0.005 in./in.-min. . . . Bars per datum point: 1. 
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Figure 14. Yield Strength as Function of Composition. 
Composition: U4.5 to U-5.1 wWo Nb. . . . Bar Type: R-3. 

Material: Induction cast recycle, homogenized 2 hr llOO°C, hot rolled 800nC, water quenched, tensile blanks machined. 
History: Gammaized 30 min. 800°C, water quenched, machined, tested 24OC. 

Strain Rate:' 0.005 in./in.-min. . . . Bars pez datum point: 1. 
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Figure 15. Tensile Test Data for One How Aged U-6.3 Nb AUoy. 
Composition:. U-6.3 wt% Nb. ... Bar Type: F-1. . . .  Date 8/66. 

Material: Double arc-cast virgin, homogenized 2 hr at 1 100°C, hot rolled 850°C, water quenched, tensile blanks machined. 
History: Gammaized 30 min. 850°C, water quenched (6 hars air quenched), aged 1 hr at temperature, air coolcd, machined, 

tested 2JoC. 
Strain Rate: 0.002 in./in.-min. ... Bars per datum point: 3. 
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Figure 16. Tensile Test Data for 150°C Aged U-6.3 Nb Alloy. 
Composition: U-6.3 wt% Nb. ... Bar Type: F-2. ... Date: 8/67. 

Material: Double arc-cast virgin, homogenized 2 hr at 1 100°C, hot rolled 850°C, water quenched, tensile blanks.machined. 
History: Gammaized 30 min. at 850°C, water quenched, aged in oil at 150°C, air cooled, tested 24°C. 

Strain Rate: 0.002 in./in.-min. ... Bars per datum point: 3. 
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Figure 17. Hot Tensile Test Data for U6.3 Nb Alloy. 
Composition: U6.3 wt% Nb.. . . Bar Type: F-1.. . . Date: 9/65. 

Material: Double arc-cast virgin, homogenized 2 hr at llOO°C, hot rolled 850°C-550°C, water quenched, tensile blanks 
machined, (one set of bars were tested in the as-rolled condition). 

Hiotory: Cammaiaod 30 min, at  850°C, wntor quonohod, g o d  2 hr at indiontod tomporaturo, air coolod, machined, tostcd 
hot at  100,300, or 600°C. 

Strain Rate: 0.002 in./in.-min. . . . Bars per datum point: 1. 
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Figure 18. Tensile Test Data for U-8.5 Nb Aged One Hour. . j 

. . .  Composition: U-8.4 wt% Nb. . . .  Bar Type: F-1. Date: 1/67. 
Material: Double arc-cast virgin, homogenized 2 hr at 1 10O0C, hot rolled 850°C, water quenched, tensile blanks machined. 
History: Gammaized 30 min. at 87S°C, water quenched (6 bars air quenched), aged 1 hr at temperature, air cooled, 

machined, tested 24°C. 
Strain Rate: 0.002 in./in.-min. . . .  Bars per datum point: 3. 
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Figure 19. Tensile Test Data for 80 Hour Aged U-7.3 Nb-2.5 Zr Alloy. 
Composition: U-7.3 wt% Nb-2.5 wt% Zr. ... Bar Type: R-3. ... Date: 3/70. 

Material: Induction cast, homogenized 4 hr at 1150°C, hot fore(ed 800°C, water quonohod, tonsilo blnnkr machined. 
History: Gammalzed 30 min. at 900nC, water quenched, aged 80 hr at temperature, air cooled, machined, tested 24°C. 

... Strain Rate: 0.005 in./in.-min. Bars per datum point: 1 .  
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Figure 20a. Tensile Test Data for 6 and 30 Hour Aged U-7.3 Nb-2.5 Zr Alloy. 
Composition: U-7.3 wt% Nb-2.5 wt% Zr. . . . Bar Type: R-3.. . . Date: 6/68; 1/69 

Material: Induction cast, homogenized 4 hr at  1 150°C, hot forged 800°C, water quenched, tensile blanks machined. 
History: Gammaized 30 min. at 900°C, water quenched, aged 6 or 30 hr at temperature, air cooled, machined, tested 24OC. 

Strain Rate: 0.005 in./in.-min. . . . Bars per datum point: 1 for 6 hr, 2 for 30 hr. 

1 . 1 1  . . .$ 

A/',/ 1 
& A/ +' 

8 v 

A * . .  i .  l 



C I " "  I I V l  
8 r I . 

.---.- -- -,.- --lr.-̂ l..--rl - U-7.5 Nb-25 Z r  

- 

v 
w' 

i . . . .  

0 \OO 200 300 
AGING TEMPERATURE, 'C 

l V - ' .  - v 
m 
" Q 

Q h 0 

Figure 20b. Tensile Test Data for 6 and 30 Hour Aged U-7.3 Nb-2.5 Zr Alloy. 
Composition: U-7.3 wt% Nb-2.5 wt% Zr. . . . Bar Type: R-3. . . . Date: 6/68; 1/69. 

Material: Induction cast, homogenized 4 hr at 1150°C, hot forged 800°C, water quenched, tensile blanks machined. 
kictnry. Gammaled 30 min. nt YOv°C, water quonohod, agod 6 or 30 hx at tompcrnture, nir eoeled, maehincd, tcstcd 24°C. 

' 
Strain Rate: 0.005 in./in.-min. . . . Bars per datum point: 1 for 6 hr, 2 for 30 hr. 

3-f -*.@- *-8- -..-4 

1 

I . . .  . I . . . .  

- 

---.-.--.---- 

I " ' -  

----- 

--.------.-- 



IWATER QUENCHED AND i I 
I 

AGED AT 200°C i I O  
I 
i 

G2 
j b  

m o ;  - d 
0 

Q 
e, 

A 

b a I I i 
' A  1 ! 

i 
_ _ _  ---. ---- ..-,:- 

I Q U.T.S. 

LOG T I M E ,  MINUTES 

Figure 21. Tensile Test Data for 200°C Aged U-7.3 Nb-25 Zr AUoy. 
Composition: U-7.3 wt% Nb-2.5 wt% Zr. . . . Bar Type: R-3. . . . Date: 1/69. 

Material: Induction cast. homogenized 4 hr at 1150°C. hot forged 800°C, water quenched, tensile blanks machined. 
History: Gammaized 30 min. at 900°C, water quenched, aged 200°C in oil, air cooled, machined, tested 24OC. 

Strain Rate: 0.003 in./in.-min. . . . Bars per datum point: 1. 
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Figure 22. Hot 1mpact.Test Data of  80 Hour Aged U-4.2 Nb Alloy. 
Composition: U-4.2 wt% Nb. . . . Bar Type: Std. V-Notch Charpy.. . . Date: 10170. 

Material: Induction-cast recycle, homogenized 4 hr at llOO°C, hot forged 800°C, water quenched, impact blanks machined. 
Histnry. C a r n r n a k c r l  30 %in, at 800bC, nratrr quenched, aged 80 hr at 17U°C, machined, tectod at indioatod tomporaturo. 

~ a r s  per datum point: 1 .  
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Figure 23. Impact Test Data for One Hour Aged U-4.5 Nb AUoy. 
Composition: U-4.5 wt% Nb. . . . Bar Type: Std. V-Notch Charpy. . . . Date: 1/68. . 

Material: Induction-cast recycle, homogenized 2 hr at 1 100°C, hot forged 800°C, water quenched, impact blanks machined. 
History: Gammaized 30 min. at 800°C, water quenched (6 bars air cooled), aged 1 hr at temperature, air cooled, tested 24°C. 

Bars per datum point: 1. 
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Figure 24. Impact Test Data for U4.3 Nb AUoy. 
Composition: U-6 wt% Nb. . . . Bar Type: Std. V-notch Charpy. . . . Date: 9/67, 1/68. 

Material: Double arc-cast virgin, homogenized 2 lu at llOO°C, hot rolled 85n°C, water quenched, impact blanks machined. 
History: Gammaizod 30 min. at 85OUC, water or air que~rcl~td,  l i l d ~ l ~ i ~ ~ d ,  LcsLed 24°C. 

9 Bars per datum point: 1. 
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Figure 25. Impact Test Data as Function of Density (Composition). 
. . .  Composition: About U-6.3 wt% Nb. Bar Type: V-notch Charpy. . . .  Date: 9/67, 1/68. 

Material: Double arc-cast virgin, homogenized 2 hr at 1 100°C, hot rolled 850°C, water quenched, impact blanks machined. 
History: Gammaized 30 min. at 850°C, water or air quenched, machined, tested 24°C. 

Bars per datum point: 1. . 
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Figure 26. lmpact Test Data for 30 Hour Agcd U-7.3 Nb-2.5 Zr AUoy. 
Composition: U-7.3 wt% Nb-2.5 wt% Zr. . . . Rar Type.: Std. V-notch Charpy. . . . Date: 1/69. 

Material: Induction cast, homogenized 4 hr at 115O0C, hot forged 800°C, water quenched, impact blanks machined. 
History: Gammaized 30 min. at 900°C, water quenched ( 3  air cooled), aged 30 hr at temperature, air cooled, 

machined, tested 24°C. 
Bars per datum point: 1 .  , 
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Figure 27. Impact Test Data for 200°C Aged 0-7.3 Nb-2.5 Zr Alloy. 
Composition: U-7.3 wt% Nb-2.5 wt% Zr. . . . Bar Type: Std. V-notch Charpy. . . .Date: 1/69. 

Material: Induction cast, homogenized 4 hr at 1 150°C, hot forged 800°C, water quenched, impact blanks machined. 
History: tiammaized 30 min. at 900°C, water quenched, aged 200°C in oil, air cooled, machined, tested 24°C. 

Bars per datum point: 1. 




