
~.- ..-. a

. .

iA-uR-Q~=s4.648
,,

Approved for public release;
distribution is unlimited.

Title:

Author(s):

Submitted to

Los Alamos
NAT IO N AL LABORATORY

THE PLASTIC FLOW CHARACTERISTICS OF
URANIUM-NIOBIUM AS A FUNCTION OF STRAIN
RATE AND TEMPERATURE

C.M. Cady, MST-8
G.T. Gray, III, MST-8
S.s. Hecker, MST–DO
D.J. Thoma, MST–6
D. R. Korzekwa, MST-6
P.s. Dunn, MST- 6
J.F. Bingert, MST-6

Plasticity ’99
Cancun, Mexico

Conference

January 4-14, 1999

Los Alamos National Laboratory, anaffwmative action/equaI opportunity employer, is operated bythe University of California for the
U.S. Department of Energy under contract W-74O5-ENG-36. Byaaeptan@ ofthisaticle, thepubIisher rewgnizes that the U.S.
Government retains a nonexclusive, royalty-free li@nseto pubfish orreprodu~ thepublished form oftNscontribution, ortoallow
others todoao, for U,S. Government purposes. Los Alamos National Laboratory requeets that the publisher identify this atilcle
as work performed under theauspices of the U.S. Department of Energy, The Los Alamos National Laboratory strongly supports
academic freedom and a researcher’s right to publish; as an institution, however, the Laboratory does notendorse the viewpoint
of a publication or guarantee its technical correctness. Form 836 (10/96)



DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or impiy its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document.



3
>. .3

THE PLASTIC FLOW CHARACTERISTICS OF URANIUM-
NIOBIUM ALLOYS AS A FUNCTION OF STRAIN RATE

AND TEMPERATURE ‘:

Carl M Cady; G. T. Gray, III; S. S. Heckeq D. J. Thoma;

D. R. Korzekwa; R. A. Patterson; P. S. Dunn, J. F. Bingert

Los Alamos National Laboratory, Material Science Technology Division,

MS-G755, Los &unos , NM 87545, USA

ABSTRACT - The stress-strain response of uranium-niobium alloys as a I%nction

of temperature, strain-rate and str~ss-state was investigated. The yield and flow

stresses of the U-Nb alloys were found to exhibit a pronounced strain rate

sensitivity, while the hardening rates were found to be insensitive to strain rate

and temperature. The overall stress-strain response of the U-6Nb exhibits a

sinusoidal hardening response, which is consistent with multiple deformation

modes and is thought to be related to shape-memory behavior.

INTRODUCTION: Uranium (U) is frequently alloyed to improve its corrosion

resistance and mechanical properties. Alloying of uranium results in a substantial

decreased in density, hence it is desirable to obtain the necessary properties with

small amounts of alloying addhions (Eckelmeyer [1976]). In this article, the effect

of strain rate and temperature on the yield stress and the strain-hardening behavior

of U - Nb is presented. The presence of a martensite, deformation by twinning,

aging reactions, and solute homogeneity are all known to influence the plastic and

elastic stress/strain behavior of the U-Nb alloys (Jackson [1976]). The

dependence of the secondary yield stress in U-Nb alloys on temperature and

strain rate is shown in the current work to decrease, while the work hardening rate

was constant for high strain rates. In addition, at quasi-static strain rates,

(0.001/s), yield and flow stresses are shown to be sensitive to changes in

temperature and niobium content. By examinin g the effect of stress-state it was

found that little difference was observed between tension and compression in the

U-6Nb alloy.

One objective of this paper is to understand the subject of martensitic

transformations in a uranium alloy emphasizing the role of shape memory effects

(SME). The SME results from the application and release of stress, increase in

temperature, and phase transformation, all acting in sequence. In U-Nb alloys, the

magnitude of the recoverable strain, &~, is influenced by several factors. As the

temp is increased more strain is recovered and upon cooling martensite is reformed

but not in the same microstructural form that it was in after loading (Vandermeer

[1982]). For a martensite to manifest SME, mechanically reversible deformation
modes must operate when the stress is applied. Such deformation mechanisms do

not persist indefinitely and a reversible strain limit, &~, is reached beyond which
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irreversible or plastic deformation processes predominate. The shape changes, to a

first approximation, are athermal in character. However, at the higher cycling

temps, the shape change shows an isothermal character. Holding at 400”C for 15

minutes can completely erase any memory and subsequent shape change behavior

in U-alloys.

PROCEDURES, RESULTS AND
uranium rich alloy containing from

200wppm carbon and other impurities

DISCUSSION:
4wt% to 8ws?40

This study utilized a

niobium with less than

such as iron, silicon, chromium, manganese,

nickel, and copper were also present. The mechanical response of the U-Nb alloy

was measured in compression using solid cylindrical samples 6.36 mm in diameter

by 6.35 mm in length lubricated with molybdenum disulfide grease. Tensile bars

were machined with the dimensions of 50 mm in length and 3 mm diameter with

two shoulders of increasing diameter and a gage length of 30mm. The deformation

behavior of U-6Nb alloy in compression and tension is depicted in Fig. 1 and Fig.

2. Dynamic tests at strain rates of 1500 to 5000/s were conducted from 23°C to

600”C in vacuum utilizing a split-hopkinson pressure bar. Quasi-static

compression tests were conducted at rates of 10-3/s at 23°C, 200” C, 400”C, and

600”C in air. The inherent oscillations in the dynamic stress-strain curves and the

lack of stress equilibrium in the specimens at low strains make the determination

of yield inaccurate at high strain rates (Chen et al. [1996], Armstrong [198 l]).
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,. 1 High-strain-rate stress-strain behavior, Fig. 2 Low-strain-rate results,Fig

note the parallel work hardening and a note the unusual behavior as
constant lower yield point. the temperature reaches 400”C.

Vanderrneer [1981,1982] showed that there is a lower-yield (low-stress)

phenomenon producing strains up to about 6.5’% in U-Nb alloys, which are

recoverable during heating because of the SME. Using the load at 1.O”/Ototal offset

consistently approximates the stress level at this lower- yield point. This is, of

course, not a conventional method, but it is a meaningfid way to describe shapes

and differences observed in the stress-strain curves of these materials. At high

Strain rates (Fig 1) the lower yield point is relatively constant with perhaps a

slight increase at higher temperatures which maybe explained by the age hardening
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behavior of U-6Nb. Note that the work hardening responses as a fmction of

temperature are similar.

It is thought that both aging and dynamic strain aging cause the change in

hardening behavior in the alloy as the temperature is increased. The increase in

temperature may inhibit the ability of the applied stress to cause twin boundary

movement associated with the lower-yield or recoverable-yield mechanism. The

dominant mechanism may be changing from twin boundary reorientation to

dislocation glide with the possibility that dynamic strain aging also contributes to

the unusual hardening response observed at temperatures above 400”C and strain

rates of 0.001/s, (Fig. 1).

Both U-4Nb and U-8Nb exhibit higher yield strength than U-6Nb, but

only the U-8Nb exhibited the SME. The lower yield stress, secondary yield stress

and flow stress levels are seen to increase with increasing strain rate as a function

of Nb content.
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Fig. 3 Dependence of the remnant,

plastic, and heat-activated recovery

strains on the imposed strain.

Fig. 4 The latent reversible strain

(SME) has a maximum value

when SO= &~

As in prior work(Vandermeer[1981, 1982]), it was assumed in SME that

the remnant strain, eO,resulting from the application and release of stress is equal

to the sum of the latent reversible strain associated with heat-activated martensite

reversion, ER, and any irreversible strain, eP, attributable to plastic deformation

(Fig.3). The magnitudes of the various strain components just discussed depend

on the imposed strain as shown in Fig. 4. The reversible deformation in this case

was accompanied by reorientation of the martensite. Favorable orientations

increase in volume fraction at the expense of less favored ones, suggesting that

deformation occurs by the movement of invariant interfaces and/or twin

boundaries. The strain ascribed to plastic deformation exhibited a threshold

behavior, (EL ), at = 7% imposed strain in tension and 9% in compression. For

strains in excess of&~ the recovery strain will decrease. This means that for larger

strains the plastic strain, 8P, is the dominant portion of the strain in &o. Below



this, the plastic deformation component was minimal. Above this “threshold”

strain, the plastic strain component increased sharply to the point of

predominance, (Fig. 3). This was attributed to the change in deformation mode

caused by exceeding the reversible strain limit. In this alloy, the reversible

deformation modes was exhausted at 7 and 9%, respectively, for tension and

compression, thereafter, dislocation glide processes prevailed. The amount of

recoverable strain, &~, attained its maximum value of -4.4°/0 at approximately the

same strain as the secondary yield (EL = 7’XO).The imposed strain, &O, changed in

dependence from e~ to 8P at this same strain, (- 7% in tension and 9% in

compression). As plastic strain, &P, begins to dominate the remnant strain,a
change in the reorientation mechanism of the martensite occurs and thereafter the
ensuing amount of strain recovery is diminished.

It has been speculated that the SME in Uranium alloys occurs because of

the presence of transformation twins (Jackson [1976]). These twins “form when

U-Nb alloys in the range of 3 to 8% Nb are cooled rapidly from the single phase y

region. Once formed, the stress required for twin motion is less than that for

dislocation slip. Accordingly, when the sample is subjected stress twin interfaces

become mobile due to shears acting at their interfaces causing movement

perpendicular to their length. The twin interfaces become stabilized near their new

positions and upon unloading the sample has taken a plastic set

CONCLUSIONS: The varying stress-strain responses exhibited by U-Nb alloys

suggest that their behavior, as seen in Fig. 1, result from various competing

fundamental deformation mechanisms. At low strains, deformation occurs by the

migration of twins or the reorientation of twin boundaries toward more favorable

orientations with respect to the loading direction. X-ray diffraction work is

planned to verifi this phenomenon.
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