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This, invention relates to alloys suitable, inter alia, for
use at high temperatures in an atmosphere of carbon
dioxide.

Conditions arise, in the core of graphlte moderated nu-
clear reactors in whlch carbon dioxide is used for cooling
and heat extraction, where metallic parts are brought,
under operating conditions, into contact with carbon di-
oxide at a high temperature. Normal structural materials,
such as stee] cannot be employed in these conditions be-
cause of their high neutron absorption.

Consideration has been given to the use of alloys of
zirconium in such reactors. A known alloy of zirconium,
“Zircaloy-2,” which contains 1.3-1.6% tin, 0.07-0.2%
iron, 0.05-0.15% chromium and 0.03-0.08% nickel, pos-
sesses good strength, and has a low neutron cross-section.
But in the temperature range above 400 C. its resistance
to corrosion by carbon dioxide is inadequate.

It has now been discovered, however, that when used
in conmtact with carbon dioxide at temperatures up to
600° C. an alloy of zirconium with copper and molyb-
denum or chromium is both resistant to corrosion and
has improved resistance to creep.

Zirconium alloys in accordance with the present inven-
tion contain 0.5-1.5% by weight of copper, and from
0.25-1.5% by weight of molybdenum or chromium, the
remainder cons1stmg wholly of zirconium, except for
unavoidable impurities which are norrnally found in the
commercial material, known as sponge zirconium, which
is preferably used as the source of zirconium in the
alloy.

Two alloys which constitute preferred embodiments
of the invention are:

Example 1—Cu, 0.5%; Mo, 0.5%; remainder Zr
Example 2—Cu, 1.0%; Mo, 1.5%; remainder Zr

The fo-llowmg mechanical propertxes of the improved
alloys in comparison with zirconium and “Zircaloy~2” are
as follows:

Hardness tests at room temperature

Cold | Cold Rolled,
Arc Hot Rolled, | 40% Reduc-
Alloy Melted, { Rolled, | 40% Re-|  tion and
V.P.N. { V.P.N. | duction | Annealed
at 800° C.
Zireontum. oo ool ]eunio il 138 190 140
Zircaloy-2.. - 146 176 220 170
Example (1).. 156 169 195 160
Example (2)___ 214 220 230 185

V.P.N. represents “Vickers Pyramid Number.”

These tests showed the improved hardness of the alloys
of the invention over zirconium and “Zircaloy-2.”
Hardness tests at a temperature of 500° C. with in-
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creasing times of load application and compared with

- “Zircaloy-2" showed the following results:
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V.P.N.
Alloy
3 30 300 3,000
. secs.. | secs. | secs. | secs.
Zircaloy-2... 80 52 38 30
Example (2) - - aaaceeeacmeanenaen 66 61 59 55

The specunens of both alloys were annealed at 820° C.
in vacuo prlor to testing.

Tests made at 475° C. indicated that Example 1 alloy
was slightly harder for the longest.period of load appli-
cation, and slightly less hard for the shorter periods of

; load application than “Zxrcaloy—z »”
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The tensile strength of the jmproved zirconium alloys
of the invention at room, temperature; after annealing at
820° C. showed increases over that of “Zircaloy—2.”
Specimens of Example 1 alloy were about 20% better, and
of Example 2 alloy about 80% better than those of “Zir-
caloy-2,” the percentage elongation of specimens of Ex-
ample 1 was about the same as that of “Zircaloy—2,” while
that of Example 2 was about two-thirds that of “Zirca-
loy 2.” This improvement was increased when the speci-
mens were tested at 375° C.

Tensile creep tests at 6,000 p.s.i. the specimens being
tested in an atmosphere of argon, showed the following
results: :

Temp.| Time in hours toreach a
of strain of—
Alloy Condition '.Ee(s}t,

" |o2%| 0s% | 0% {109

Zircaloy-2.....-... Ag;xgglgd at 450 | 800 | 1,500 | 3,300 | 6,600
02 SN S do... 4751 300 | 600 | 1,040 2,250
DO do. 500§ 120 275 480 810
Example (1)-.-... Anneal(%d at 450 { 860} 1,960 | 5,500 j.__._.
Example (2)acacaafoaaee do.. ... 475 | 500 900 | 1,700 | 3,800

The increase in creep resistance of the improved alloys
over that of *“Zircaloy-2” was greater the higher the
percentage strain.

The reaction to corrosion by CO; is illustrated by re-
sults given below of tests at 700° C. and one atmosphere -

.gas pressure.

Time to reach | Post transition
Alloy 50 mg./em.s | Corrosion rate,

gain in weight, | mg./em.3/hr.

hours

Zirconium 1,200 50, 1X10-3
Zircaloy-2. 150 370X10-3
Example (1) 5,000 11.4X10-3
Example (2) 5,000 9. 4X10-3

At a temperature of 600° C., with the same gas pres-
sure, the improvement indicated at 700° C. was even
more marked. These trends are also followed at both
lower temperatures and higher gas pressures.

The work hardening properties of the improved alloys
showed an improvement over “Zircaloy-2.”

The thermal neutron absorption cross-section of zir-
conitm with a low hafnium content is only slightly af-
fected by additions of copper and molybdenum within
the specified range, for example, if the macroscopic cross-
section of reactor grade zirconium is taken as 0.010428
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cm.~! relative to a cross-section in barns/atom of 0.20,
then the corresponding cross-sections of Example 1 and
Example 2 are 0.012386 cm.~! and 0.015126 cm.™! re-
spectively.

The high temperature mechanical properties of zirconi-
um-copper-molybdenum and zirconium-copper-chromium
alloys mentioned above can be further improved by heat
treatment, which consists of heating the alloy to a tem-
perature of 850° C. to 950> C. and maintaining. the
temperature for a specified time before quenching to
reduce the temperature of the alloy rapidly. This treat-
ment may then be followed by a tempering treatment
which consists of reheating the alloy for a specified time
at a temperature below 850° C.

Arising from the ability of zirconium to oxidise and
to absorb atmospheric and other impurities readily at ele-
vated temperatures, the constituents of the alloy should
be melted in a vacuum arc furnace. Apart from this re-
striction the alloys of the invention can be readily fabri-
cated by conventional methods. )

Impurities in the base zirconium sponge should be kept
to a mipimum. The most deleterious impurities from
the corrosion resistance point of view are aluminium,
silicon, hydrogen, oxygen, nitrogen and titanium. Alumi-
nium should be kept below 150 parts per million, whilst
nitrogen and titanium are not so injurious, and in the
latter case, and titanium content may be as high as 1,000
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parts per million without appreciably affecting the corro-
sion resistance of the alloys.

What we claim is:

1. An alloy consisting of 0.5 to 1.5% by weight of
copper, 0.25 to 1.5% by weight of a metal selected from
the group consisting of chromjum.and molybdenum, and
the remainder zirconium except for unavoidable impuri-
ties.

2. An alloy as claimed in claim 1 and intended to be
employed at a high temperature in contact with carbon
dioxide, in which impurities, such as aluminium and ti-
tanium are restricted to the order of 100 parts per million,
by weight.

3. An alloy. as claimed in claim 1, in which the source
of zirconium used in making the alloy is that commercially
known as sponge zirconium. .

4. An alloy consisting of 0.3% by weight, of copper,
0.5% by weight, of melybdenum and the remainder zir-
conium except for unavoidable impurities.

5. An alloy of 1.0% by weight copper, 1.5% by weight
of molybdenum, and the remainder zirconium except for
unavoidable impurities.
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