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alloys 

(57) A process for homogenizing zirco-
n ium alloys and minimizing metallur-
gical effects of certain alloy and impur-
ity segregates, including tin-rich segre-
gates. The zirconium alloys are heated 
to high temperatures for sufficient t ime 
to cause the tin-rich stringers or segre-
gates to homogenize in the zirconium 
alloys. The temperature of treatment is 
above 1000°C, and is related to the t ime 
of treatment by 

[Temperature in °C] == 
1225 - 70 log e [Time in hours] 

An exemplary composit ion by weight 
is:-

Sn trace to 3% 
Fe trace to 0.3% 
Cr trace to 0.15% 
Ni trace to 0.1% 
C trace to 0.05% 
Si trace to 0.03% 
Zr Balance 
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SPECIFICATION 

Homogenization of zirconium alloys 

5 This invention relates to minimizing certain alloy and impurity segregates including tin-rich segregates in 5 

zirconium alloys by means of a heat treatment. 
In Metallurgy, the term "stringer" is often used to describe "stringlike" features in the microstructure. 

They can be alloy segregates, second phase particle segregates and/or impurity segregates. In zirconium 
alloys, no exception to other metal alloy systems, the term "stringer" has been used to describe "stringlike" 

10 second phase particles, as, for instance, the stringers described in Picklesimer U.S. Patent No. 2,894,866, and 1 0 

"stringlike" impurities, such as, carbon, phosphorus, and silicon, etc.. The present case deals with stringers 
which had long believed to be carbon rich. Because of this belief and the known limited solubility of carbon 
in zirconium, homogenization by heat treatment seemed impossible and no known attempt to homogenize 
by this method had been performed. 

15 With recent advancement in electronic analysis techniques, the stringer, once believed to be carbon was 1 5 

found to be tin-rich. It is believed that these tin-rich stringers are products of nonhomogeneity in the vacuum 
arc melting process. These tin-rich segregates appear as irregular shape masses having something less than 
an elongated configuration in the cast ingot. As the ingot is worked or wrought, the segregates become 
elongated in the direction of working and appear as stringlike features when examined parallel to the 

20 working direction. 20 

U.S. Patent No. 2,894,866, referred to above, discloses a method of removing second phase segregation 
type stringers for zirconium-based alloys by a heat treatment process. This patent describes the process 
whereby the alloy is Beta-quenched at a temperature of 975°C for 1 hour. With this treatment, the second 
phase will redistribute but the tin-rich stringers will remain in the microstructure. Other patents dealing with 

25 heat treatment of zirconium alloys are Mock U.S. Patent No. 3,645,800, and Wiener et al U. S. Patent No. 25 
3,689,324, which disclose heat treatments which are either at too low a temperature or for too short a period 
of time to remove the tin-rich stringers in this case. 

Because of the presence of these tin-rich stringers, it has been found that in certain uses, corrosion will 
develop at the sites of these segregates or stringers and, further, that mechanical weaknesses have 

30 developed at these sites. In certain forming processes, particularly where sharp bend radii result, the 30 
segregates will cause cracking and produce an undesirable product. 

The present invention is directed to a method for removal of tin-rich stringers or segregates in zirconium 
alloys to provide a zirconium product less subject to corrosion and cracking.. The present invention involves 
heat treating the zirconium alloys at high temperatures at a temperature above about 1000°C, generally 

35 above about 1100°C, for a period of time sufficient to homogenize the tin-rich stringers.. The time and 35 
temperature interrelationship for the heating step is determined by the formula: 

[Temp.] =51225 - 70 In [Time] 

40 where [Temp.] is the temperature of heating in °C and [Time] is the time of heating in hours. (In refers to the 40 
natural logarithm, i.e., log to the base of e). 

The temperatures at which the alloy is treated in accordance with this invention are higher than normally 
used even in Beta-quenching and are applied for longer periods of time than normally required for that type 
of thermal treatment, sometimes as much as 8 to 24 hours. The time of treatment is inversely proportional to 

45 the increase in the temperature used. The zirconium alloy can be treated in this way at almost any stage of 45 
production from ingot pre-heat to final size. As the thickness of the segregate increases the temperature will 
have to be higher and/or applied for a longer period of time. 

By the term "zirconium alloys" as used herein preferably is meant those in which the following constitute 
the major alloying elements: 

50 50 
Sn Trace to 3% by weight 
Fe Trace to 0.3% by weight 
Cr Trace to 0.15% by weight 
Ni Trace to 0.1% by weight 
C Trace to 0.05% by weight 
O Trace to 0.2% by weight 
Si Trace to 0.03% by weight 
Zr Balance by weight 

Other zirconium alloys, however, are included. 
60 By treating the above alloys at temperatures above about 1000°C, in accordance with the above formula, 60 

the stringer-type alloy segregates are caused to homogenize in the zirconium alloy. There is thereby 
produced an alloy with greater corrosion resistance and formability. 

A typical example of time and temperature used on an 0.08 inch (0.2 cm) thick sheet of a wrought 
zirconium alloy having a tin stringer of a thickness of about 0.1 to 1 micron is set forth in the following Table: 
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TABLE 

Temp. 10 min. 1/2 hr. I hr. 2 hrs. 4 hrs. 8 hrs. 24 
hrs. 

5 1400°C N N N N — — 5 
1300°C S N N N N — -

1200°C S S S N N N N 
1100°C S S S S S N N 

10 N = no stringer 10 
S = stringer 

In the sole Figure ofthe drawing, the above points were plotted on a graph as shown therein and the line 
defining the area above which the segregates are removed is represented by the formula set forth above. 

15 Since final segregate size to be homogenized is dependent upon both the initial size in the as-cast ingot 15 
and the amount of work subsequently performed during its reduction to the dimensions at which it is to be 
thermally treated, it is possible for thicker segregates to exist in a material that has received greater 
reduction by working than a comparable piece from a different starting ingot. 

Time and temperature calculated according to the above formula provides a guideline for proper 
20 parameters for removing tin stringers from any size zirconium alloy product. As an example, a 4-inch (about 20 

18 cm) thick zirconium alloy plate was desegregated (tin stringer homogenized) by treating at 1200°Cfor4 
hours. 

The present invention, therefore, is directed to a method for removal of tin-rich stringers from zirconium 
alloys by a heat treatment in accordance with a mathematically-related time and temperature schedule. 

25 Modifications are possible within the scope of the invention. 25 

CLAIMS 

1. A method of decreasing the incidence of alloy and impurity segregates including tin-rich segregates in 
30 zirconium alloys, characterized by heating the alloy to a sufficient temperature of at least 1000°C for a 30 

sufficient time to homogenize the segregates into the zirconium alloy in accordance with the relationship: 

[Temp.] >1225-70 In [Time] 

35 where [Temp.] is the heating temperature in °C and [Time] is the heating time in hours. 
2. A method as claimed in claim 1, in which the heating temperature is at least 1100°C. 
3. A method as claimed in claim 1 or 2, in which the zirconium alloy has the composition: 

35 

40 

45 

Sn Trace to 3% by weight 
Fe Trace to 0.3% byweight 40 
Cr Trace to 0.15% by weight 
Ni Trace to 0.1% by weight 
C Trace to 0.05% byweight 
O Trace to 0.2% byweight 
Si Trace to 0.03% byweight 45 
Zr Balance byweight 

4. A method as claimed in any one of claims 1 to 3 in which the segregates have an initial thickness of 0.1 
to 1 micron, the heating temperature is 1100° to 1400°Candthe heating time is from 8 hours to 10 minutes. 

50 5. A method as claimed in claim 1 substantially as hereinbefore described with reference to the Example. 50 
6. A zirconium alloy whenever produced by the method of any one of claims 1 to 5. , 
1. A wrought zirconium alloy substantially free from the adverse effects of alloy and impurity segregates 

including tin-rich segregates. 
8. An alloy as claimed in claim 7 having the composition: 

55 55~ 
Sn Trace to 3% byweight 
Fe Trace to 0.3% by weight 
Cr Trace to 0.15% by weight 
Ni Trace to 0.1% by weight 
C Trace to 0.05% by weight 
O Trace to 0.2% by weight 
Si Trace to 0.03% by weight 
Zr Balance by weight 

60 C Trace to 0.05% by weight 60 

65 9. An alloy as claimed in claim 7 substantially as hereinbefore described with reference to the Example. 65 
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