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STATEMENT OF PROBLEM

Determine the effect of the carbon modifier on the mechanical 
strength of Zr-10 w/o U hydrides (SNAP fuels).

ABSTRACT

The transverse rupture strength of modified zirconium-10 w/o 
uranium hydride (H/Zr = 1.5 to 1.6, 0.4 to 0.5 w/o carbon) 
was determined at room temperature, 500* and 950°F. It was 
concluded that the room temperature strength of this fuel 
material was essentially unchanged by the addition of an 
average of 0.4 w/o carbon. A similar conclusion could not 
be made for the elevated temperature strengths^ since carbon 
appeared to increase the strength at 500"F but reduce it at 
950*F.
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I. INTRODUCTION
Since the fuel materials in the SNAP 2/10A and SNAP 8 

reactors have been modified to improve the hydriding process 
yield, it is important to know the effect of the carbon modifier 
on the mechanical properties of these zirconium-10 w^o-uranium- 
hydride dispersion fuels. Previous investigations on the 
mechanical properties of the hydrides of zirconium-uranium alloys 
have included transverse rupture tests, so that for purposes of 
comparison this test was performed on the modified fuel.

II. EXPERIMENTAL METHODS
The transverse rupture tests were performed in a three-point- 

load fixture modified to permit elevated temperature testing under 
a controlled atmosphere. Heat was provided to the specimen by 
resistance heating coils surrounding it. An insulated cover,sealed 
to the base plate with a frictionless liquid metal seal, enclosed 
the loading fixture and prevented excessive atmospheric attack 
to the sample. A schematic of the apparatus and its position in 
the test machine is given in Figure 1. An Instrdn Tensile Tester, 
Model TTCL, equipped with a compression load cell, was used to 
test the specimens.

Cylindrical shaped specimens, .375 diameter x 2.5 in. 
long, were machined from SNAP 8 size rods which had been hydrided 
according to the standard hydriding cycle for unmodified SNAP 8 
fuel. The carbon was added to the Zr-10 w/o U by adding a nominal 
0.5 w/o graphite to the alloy in the first melt cycle.

In transverse rupture testing, the sample was placed on the 
two carbide support dowels of the three-point-load fixture, and 
after the metal in the sealing well was molten, the cover was 
lowered into place. Care was taken in sealing the chamber in 
order to prevent loading the specimen prior to the attainment 
of the desired test temperature. After the retort was sealed 
and purged with helium, heat was applied to the specimen. A

J. W. Raymond and S. M. Toy, "Mechanical Strength of Hydrides of 
Zirconium and Zirconium—Base Alloys", NAA—SR—6732, April 1962.

___________ iiuriAOOicicn_________
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A dynamic helium atmosphere was maintained inside the test chamber 
throughout the test. After equilibrating the temperature for 
about ah hour, the sample (beam) was deflected at a rate of 
0.02 in/min. to failure.

Transverse rupture tests were performed on this fuel material 
at room temperature, 500°F and 950°F. The elevated temperature 
tests were run in dynamic helium. No protective atmosphere was 
required >for the-- room temperature tests so they were performed 
without the containment cover. Three or more samples were tested 
at each temperature with the intent of obtaining at least three 
rupture strength values.

III. RESULTS
The transverse rupture strength (Modulus of Rupture) is 

defined as the fiber stress at rupture for a beam subjected to 
pure bending. For three-point loading conditions of a cylindrical 
beam with unrestrained ends, the transverse rupture strength is 
calculated from the following formula:

• where S ■ Transverse Rupture Strength (Modulus of Rupture) 
in psi.

P ■ Rupture load in pounds applied to the center 
point of the beam.

L = The unsupported length of the beam in inches 
(L = 2.00 in. in these tests).

r s The radius of the sample in inches.
4 The results of the transverse rupture tests are listed in 

Table I, along with the hydrogen and carbon contents of each 
sample 'based on the chemical analysis of the rods from which 
they came. The averages of the rupture strengths along with 
calculated standard deviations are given in Table II.

71*-P
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TABLE I
TRANSVERSE RUPTURE TEST DATA FOR MODIFIED SNAP FUEL

Sample No.
Temp., op w/o carbon.

Effective
H/Zr

Modulus of Rupture 
psi

191-C-1A ...85 . 0.5 1.5 26,000
191-D-1A 70 0.4 1.6 13,700
191-D-3A 70 0.4 1.6 17,900
191-D-2B 85 0.4 1.6 22,900
191-C-1C 500 0.5 1.5 72,500
191-C-1D 500 0.5 1.5 41,600
191-D-3C 500 0.4 1.6 20,300
191-D-2D 500 0.4 1.6 22,700
191-D-2Q 950 0.4 1.6 29,000
191-D-3B 950 0.4 1.6 24,600
191-D-1B 950 0.4 1.6 29,500

IV. DISCUSSION OF RESULTS
In comparing the average results of these tests listed in 

Table II with the average transverse rupture strengths of un-
modified 90 Zr-10 U alloy hydrides as determined by Raymond and

*Toy , it is apparent that the room temperature values of modulus 
of rupture compare very closely for the comparative hydrogen 
compositions (1*6 effective H/Zr lies in the .88 - 1.5 H/M range). 
At elevated temperatures, the values differ quite markedly. The 
unmodified fuel hydride increases in strength up to 1000#F, but 
the( modified material increases to a maximum at 500*F and decreases 
to a value only slightly higher than that for room temperature.

*Ibid. (Also, see Table III).

Tlf-R
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TABLE II
AVERAGE TRANSVERSE RUPTURE STRENGTH OF MODIFIED SNAP FUEL

Temperature. °P w/o Carbon H/Zr* Modulus of Rupture, ps:
78 0.4 1.6 20,100 + 2,700

500 0.5 1.6 59,500 + 12,000
950 0.4 1.5 27,700 + 1,600

♦"Effective" ti/Zr as described by H. E. Johnson in Appendix
A of NAA-SR-MEMO 7765.

If the 500°P strength data in Table I is averaged with considera
tion for hydrogen and carbon content, it is seen that the average 
modulus of rupture for the 0.4 w/o carbon, 1.6 H/Zr* fuel is 21,500 
psi, and the modulus of rupture for the 0.4 w/o carbon, 1.6 H/Zr* 
fuel is 21,500 psi, and the modulus of rupture for the 0.5 w/o 
carbon, 1.5 H/Zr* fuel is 57>100 psi. The substantially higher 
strength for the 0.5 w/o carbon, 1.5 H/Zr* fuel might be caused 
simply by the difference in the chemical composition. Other 
possibilities might be that the microstructure of this material is 
significantly different from all the others and/or it exhibits 
plasticity at this temperature. It is interesting to note that the 
strengths at 500°F of 0.4 w/o carbon modified fuel and unmodified 
fuel differ only slightly.

During the course of the elevated temperature rupture tests, a 
check was made on the temperatxire variation along the length of a 
sample mounted in the test apparatus. At a control temperature of 
700°P, it was observed that the sample temperature profile ranged as 
high as 9509F on the top side of the ends. This variation of sample 
temperature‘sheds 'some doubt on the absolute values of elevated 
temperature strength determined for modified fuel in this study.
Since Raymond and Toy used essentially the same apparatus for 
elevated temperature rupture testing, the elevated temperature rupture 
strengths of unmodified fuel are probably not very * accurate either.
The inaccuracies should be the same for both sets of data, so that 
they still may be compared.

730-V-45 (HCV 5-5*)
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TABLE III
AVERAGE TRANSVERSE RUPTURE STRENGTH OF 90 ZR-10 P ALLOY HYDRIDES

AT ELEVATED TEMPERATURES
DUE TO RAYMOND AND TOY

Hydrogen Composition Range (H/M)
Test Temperature, 0.88 - 1.5 1.65 - 1.79 1. 80 -1.89

CF) Cpsi)
77 20,000 16,000 16,000

500 20,000 16,000 16,000
1000 43,000 20,000 24,000
1200 15,000 23,000

V. CONCLUSIONS
It might be concluded from this study that the room temper

ature modulus of rupture of zirconium 10 w/o uranium-hydride in 
the delta phase is not significantly affected by the addition 
of small amounts of carbon, but a similar conclusion cannot be 
made for the temperatures 500 and 950#F. This indicates that 
the room temperature tensile strength of this material is not 
affected by the carbon addition. The reasons for the failure 
of the extension of this conclusion to elevated* temperatures 
can only be speculated from this data. The difference in the 
strengths of modified and unmodified fuel at around 1000°F may 
be due to differences in hydrogen composition and not the amount 
of carbon present.

As can be seen, these studies do not adequately answer the 
question of the effect of carbon on the strength of SNAP fuel,

t •
particularly at elevated temperatures. It is, therefore, re
commended that further studies be carried out to completely 
resolve this question. This can probably be most conveniently 
done by tensile testing the fuels with varying levels of additive* 
It is also suggested that these tests also be carried out at

*This phase is associated with the delta phase of the zirconium 
hydrogen system*

71W*
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several different temperatures and hydrogen concentrations, 
obtain a general picture of the mechanical behavior of these
materials*
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