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This invention relates to zirconium alloys having high 
strength in combination with a high resistance to cor— 
rosion by water at elevated temperatures. 

In US. Patent No. 2,772,964, assigned to the assignee 
of the present invention, wherein one of the inventors 
of the present invention was a co-inventor, there are dis 
closed alloys of zirconium that are characterized by 
highly desirable properties for many applications. While 
the alloys of this US. patent have good strength prop 
erties both at room temperature and at temperatures of 
up to 600° F. there are applications which would be 
bene?ted if alloys of zirconium having equally satisfac 
tory corrosion resistance properties but with substantial 
improvement both in tensile strength and yield strength 
while maintaining good ductility were available. 
The object of the present invention is to provide zir 

conium base ‘alloys embodying predetermined pro-portions 
of beryllium which alloys have enhanced mechanical 
strength properties, good ductility and a high resistance 
to corrosion to high temperature water and steam. 

Another object of the invention is to provide a zir-' 
conium base alloy consisting of from 0.1% to 2.5% by 
weight tin, a total of from 0.1% to 2% by weight of at 
least one metal from the group consisting of iron, nickel 
and chromium and from 0.03% to 1.0% by weight 
beryllium, the alloy exhibiting high strength, good duc 
tility and good corrosion resistance to high temperature 
water and steam. 
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Other objects of the invention will, in part, be obvious I 
and will, in part, appear herein-after. 

In accordance with the present invention, novel im 
proved zirconium base alloys characterized by high me 
chanical strength, good ductility, a high corrosion re 
sistance to high temperature water and steam and being 
capable of hot and cold working have been produced. 
The zirconium base alloys consisting essentially of from 
0.1% to 2.5 % by weight of tin, a total of from 0.1% to 
2%, by weight of at least one metal from the group 
consisting of iron, nickel and chromium, from 0.03% to 
1.0% by weight of beryllium, less than 0.5% by weight 
of incidental impurities such as oxygen, nitrogen and 
carbon, as well as small ‘amounts :of other elements, and 
the balance being zirconium. These alloys exhibit ulti 
mate tensile strength and 0.2% yield strength values, both 
at room temperature and at elevated temperatures, sub 
stantially greater than those exhibited by similar alloys 
without beryllium. For employment in atomic reactors, 
especially pressurized water reactors and boiling water 
reactors, the alloys of the present invention are highly 
satisfactory because in addition to exhibiting maximum 
corrosion resistance, they have an extremely low neutron 
absorption cross section. The alloys of the present in 
vention may be employed as structural members in nu 
clear reactors, as cladding for ?ssion-able material, as 
cladding for control rods, and other applications. These 
alloys may be employed in conventional boilers and other 
apparatus wherein its combination of properties renders 
it highly useful. 
The alloys of the present invention will function satis- ‘ 

factorily in nuclear reactors and be capable of being hot 
worked" even with substantial amounts of nitrogen of 
the order of 0.01% being present. Oxygen contents of 
up to 0.2% may be present in the alloys with no sig 
ni?cant de?ciencies being su?ered. Carbon may be 
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present in amounts of up to 0.05 %. The alloys .of the 
present invention maybe hot forged, hot rolled, hot 
extruded, or swaged from ingots thereof. The hotworked 
alloys may be readily cold worked to produce members 
of desired ?nal size and shape. The alloys will not crack 
during hot working if handled in a reasonable metal 
lurgical manner. A 

The following examples are illustrative of the present 
invention. In these examples all parts and percentages 
given for the compostion are by weight. 

EXAMPLE I 

An alloy of the following composition was prepared: 
tin 0.25%, iron 0.25% and zirconium balance; the alloy 
contained between 1000 and 1600 ppm. (parts per mil 
lion) of oxygen. The nitrogen content did not exceed 
50 parts per million and carbon was less than 0.05%. 
No appreciable amount of beryllium was present. Hot 
worked bars of a diameter of %" were prepared by ex 
truding 3 inch diameter ingots of the alloy. The follow 
ing physical properties, were obtained ‘at the indicated 
testing temperatures applied to specimens machined along 
the longitudinal direction of the bars. 

Table 1 

Testing Temperature 

20° C. ' 260°C. 

0.2% Yield Strength (p.s.i.) ................. -- 40, 000 18', 000 
Tensile Strength (p.s.i.)._-____.- ' 64,000 30,000 
Uniform Elongation (Percent)- _ 14 17 
Total Elongation (Percent). __.- 18 28 
Reduction in Area (Percent) ________________ -- 39 54 

The results indicated in Table I‘correspond to the better 
average results obtained in working with alloy and 
preparing many members therefrom. 

EXAMPLE ‘II 

An ingot‘ was prepared by consumable Iarc melting 
the following composition: tin 0.25%, iron 0.26%, beryl 
lium 0.05% and the balance zirconium, except for small 
amounts of oxygen, nitrogen and carbon, as in Example 
I. The resulting 3 inch diameter ingot was extrudedto a 
1% inch diameter bar and tensile specimens were machined 
in the longitudinal direction from these bars and tested. 

EXAMPLE III 

A 3 inch diameter ingot was produced by consumable 
arc melting and adding the following composition: tin 
.25 %, iron 26%, beryllium 0.15% and the balance 
zirconium. Oxygen, nitrogen and other impurities were 
present in amounts similar to Example I. The ingot was 
extruded into % inch diameter bars which were ‘then 
machined along a longitudinal direction into tensile speci 
mens and tested. 

EXAMPLE IV 

An ingot of 3 inch diameter was prepared by consum 
able arc melting the following composition: tin 0.25%, 
iron 0.28%, beryllium 0.35% . and the balance being 
zirconium. Impurities such as oxygen, nitrogen and other 
impurities were in amounts similar to those in Example 
I. The ingot was hot extruded to 3%; inch diameter bars 
which were then machined, in a longitudinal direction into 

, test specimens and tested. 

EXAMPLE V 

An ingot of 3 inch diameter was prepared by consum 
able arc melting an alloy having the following composi 
tion'r'vtin 0.23%‘, iron‘ 0.25 %, beryllium 0.70% _ and the 
balance'being zirconium except for carbon, oxygen and 
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other impurities which were present in amounts similar 
to Example I. The ingot was hot extruded into 3/1 inch 
diameter bars and tensile specimens were then machined 
in a longitudinal direction and'tested. 
The test specimens of Examples 11, III, IV and V were‘. 

subjected to tensile tests both at room temperature and 
at 250° C. The resulting tensile’properties are as follows: 

Table in ; 
ROOM TEMPERATURE 'rns'rs 

0.2% Ultimate more Total an, 
Nominal Percent Be Y.S. 7 TS. ., EL, percent 

(p.s.i ) (p.s.i.) percent percent 

70, 400 14 18 34 
73, ‘100 16 19 36 
74,400 15 19 34 
76,800 11 13 30 
77,000 12 17 34 
81,000 14 18 28 
90,800 .12 15 30 
92, 300 3 3 6 

Table III 
250° C. TESTS . 

0.2% Ys. , Tomi 11.x, . 
Nominal Percent Be (p.s.i.) T.S. (p.s.1.) EL, percent 

7 7 percent 

23, 300 44, 000 61 31 
25,000 42, 500 52 28 
23,000 40,500 45 27 

,100 43,700 49 28 
28,700 45, 000 18 7 
27, 200 49,500 49 23 

1 Surfaces defects noted on specimen prior to testing. 

In Tables II and III, the abbreviations used are as follows: 

Y.S..for yield strength 
T5. for tensile ‘strength 

for elongation 
R.A. for reduction in area 

It will he noted in Tables II and III that tensile speci 
mens from both the top and middle portion of each of the 
ingots were tested in order to determine the properties 
thereof. _ v 

Further, short lengths from each of the extruded bars 
of Examples II, III, IV and V were hot forged to % inch 
thick ?ats from’ which tensile specimens were machined 
with the ‘following room temperature test results: 

Table IV 

0.2% Y.S. , Total R.A., 
Nominal Percent Be (p.s.i.) T.S. (p.s.i.) 1131., percent 

' percent 

0. 49, 000 75, 300 30 41 
0. 39, 700 75, 300 ~ 28 43 
0. 5B, 700 75, 500 27 32 
0. 58, 500 75, 500 26 71 
0. ‘i0, 200 77, 700 28 44 
0. 42, 800 72, 600 30 41 
0. 53, 300 89, 000 19 27 

Corrosion tests were conducted in 680° F. water on 
all of the specimens of Examples I to V. The corrosion 
resistance of the alloys containing 0.05%, 0.15% and 
0.35% Be was equivalent to that exhibited by ‘specimens of 
Example I. The corrosion resistance of the alloy con 
taining 0.70%‘ Be was somewhat inferior. Thus, the 
alloys of Examples I to IV could be substituted for one 
another without any signi?cant rise in corrosion rate. 

‘ EXAMPLE 'VI 

A series of 3 inch diameter ingots werepprepared by 
are melting under vacuum the following zirconiumvbase 
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4 
alloy, with and without additions of beryllium: tin 1.5%, 
iron 0.12%, chromium 0.10%, nickel 0.5% and nitrogen 
60 ppm. maximum, zirconium balance. Portions of this 
base alloy were combined “with beryllium to produce 
alloys containing 0.03%, 0.13%, 0.162%, 0.82% and 
1.74% beryllium, respectively. The six di?'erent alloys 
were hot worked into the ?at specimens and the ?at speci 
mens were then tested for their corrosion resistance both 
in water at 680° F., in steam at 750° F. The following 
data in Table V indicate the relative corrosion resistance 
in terms of weight'gain for the indicated number of days 
in the respective corrosive hot steam and water atmos 
pheres. 

Table V 

Wt. gain, mgJdm.‘ 

Wt. Percent Beryllium ' ' 

141 Days in 168 Days in 
750° F. 680° F. 
Steam Water 

150 58 
177 65 
141 59 
174 78 
329 101 
354 289 

It will be noted that the weight gain for the alloys of 
this invention having up to 0.62% beryllium is sub 
stantially the same within the experimental limits of 
the tests; From other data it has been found that for 
the alloys having up'to approximately 0.7% beryllium, 
the alloys exhibit a high corrosion resistance characteristic 
of the same alloy without ‘beryllium. There is a slight in 
crease in corrosion resistance in hot water for alloys con 
taining between 0.7% and 1% by weight. of beryllium. 
Above 1% beryllium the corrosion rate increases rapidly 
and signi?cantly in hot water for the alloys of the present 
invention. Consequently, the preferred composition of 
the alloys with respect to the lowest corrosion rate in 
hot water and in hot steam is in the range of 0.03% to 
0.70% beryllium. 
The alloys of this Example VI will exhibit good me— 

chanical properties while retaining good ductility up to 
0.82% beryllium alloy. The alloys containing high quan 
titles of beryllium of over 1% will be less ductile—thus 
the ‘alloy with 1.74% beryllium will exhibit lower ductility. 

It will be understood that the above description is only 
exemplary and not in limitationof the invention. 

Alloys of essentially pure zirconium and beryllium in 
amounts of up to 1% lack the necessary corrosion 
resistance to hot water and steam. The same alloys 
with added tin in amounts of from 0.1% to 2.5% and 
from 0.1% to 2% of iron, nickel or chromium or com 
binations of two or all three, do exhibit a high corrosion 
resistance to hot water and steam. 
We claim as our invention: 
1. An alloy consisting essentially of from 0.1% to 

2.5% by weight of tin, a total of from 0.1% to 2%, by 
weight of at least one metal from the group consisting 
ofviron, nickel andvchromium, from 0.03% to 1.0% by 
weight of beryllium, less than 0.5 % by weight of inciden 
tal impurities, and the balance being zirconium. 

‘2. An alloy consisting'essentially, by weight of from 
0.5% to 2.5% of tin, from 0.057% to 0.5% nickel, from 
0.05% to 0.5% iron, from 0.05% to 0.5% chromium, 
from 0.03% to 0.7% beryllium, less than 0.05% carbon, 
and incidental impurities not exceeding 0.5% and the 
balance being Zirconium. 

3. An alloy consisting essentially, by weight of from 
0.1% to 2% of tin, and from 0.1% to 2% of iron, from 
0.03% to 0.7% of beryllium, less than 0.5% by weight 
of incidental impurities, and the balance being zirconium. 
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4. A member comprising a wrought and shaped body 
of an alloy consisting essentially of from 0.1% to 2.5% 
by weight of tin, a total of from 0.1% to 2% by Weight 
of at least one metal from the group consisting of iron, 
nickel and chromium, from 0.03% to 1.0% by Weight 
of beryllium, less than 0.5% by weight of incidental im 
purities, and the balance being zirconium. 

5. A member comprising a wrought and shaped body 
of an alloy consisting essentially, by weight, of from 0.5 % 
to 2.5% tin, from 0.05% to 0.5% nickel, from 0.05% 10 

6 
to 0.5% iron, from 0.05% to 0.5% chromium, from 
0.03% to 0.7% beryllium, less than 0.05% carbon, and 
incidental impurities not exceeding 0.5% and the balance 
being zirconium. 
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