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(57) Abstract: 

Purpose: To obtain a stainless steel for shielding thermal neutrons which has good workability 
and weldability in an easy way. 

Constitution: A composite of 0.1-2.0 wt% Gd and 0.2-1.0 wt% B is added to austenitic stainless 
steel containing 7-15 wt% Ni and 15-25 wt% Cr. 

 

Claims: 

(1) An austenitic stainless steel for shielding thermal neutrons, in which B (boron) and Gd 
(gadolinium) are added to austenitic stainless steel which contains 7-15 wt% Ni and 15-25 wt% 
Cr in the ranges of 0.1-1.0 wt% B and 0.1–2.0 wt% Gd, and they are contained in such a way that 
α, shown by the following formula, is 0.6 or greater.  

α = (B wt%) + 4 × (Gd wt%) 

(2) An austenitic stainless steel for shielding thermal neutrons which contains, by weight: C: 
0.15% or less, Si: 1.0% or less, Mn: 2.0% or less, P: 0.04% or less, S: 0.03% or less, Ni: 7-15%, Cr 
: 15-25%, N: 0.20% or less, B: 0.2-1.0%, and Gd: 0.1-2.0%;  

wherein α, in the formula  

α = (B%) + 4 × (Gd%) 

is 0.6 or greater, and the remainder is Fe and unavoidable impurities.  

 

Detailed Explanation of the Invention: 

[0001]            

Field of Use in Industry: This invention concerns an austenitic stainless steel which is an ideal 
material for shielding thermal neutrons. 

[0002]  

Prior Art: In recent years, there has been an increase in the demand for thermal neutron shielding 
materials in the operation of nuclear power plants. For example, many nuclear fuel assembly 
shipping containers, nuclear fuel storage containers, containers for transporting spent nuclear 
fuel, etc., are now manufactured, and they need to have the function of shielding thermal 
neutrons. 

[0003] Up to now, SUS304 was used as a material constituting these containers, but since it is 
necessary to make the containers thin in order to increase their nuclear fuel capacities, stainless 
steel with boron added, which has a large thermal neutron absorption ability, came to be used.  
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[0004] For example, methods of producing stainless steel with boron added, such as those 
described in Japanese Patent Bulletin No. 3-54007 and Japanese Unexamined Patent Application 
Bulletins Nos. 63-50429 and 63-96221, etc., have been published. 

[0005] On the other hand, stainless steel materials with added Gd, for example, the one 
described in Japanese Unexamined Patent Application Bulletin No. 62-56557, have been 
proposed as thermal neutron shield materials which replace stainless steel with B added. 

[0006]            

Problems Which the Invention Seeks to Solve: 

[0007] In stainless steel with B added, if the B content becomes great, the hot workability, cold 
workability, and weldability of the steel are lowered. The hot workability is especially lowered, 
and its producibility becomes very poor. When the quantity of B added becomes great, the B does 
not dissolve in the stainless fracturing during hot working. 

[0008] For these reasons, in bulletins which disclose methods of producing the aforementioned 
high-B stainless steels, methods which strictly limit the heating conditions and blooming or hot 
rolling conditions have been proposed, but it is undeniable that the production costs of such 
production methods become high. 

[0009] Moreover, when Gd is used as an element shielding thermal neutrons, as in Unexamined 
Patent Application Bulletin No. 62-56557, there was the problem that it makes a very expensive 
steel, compared with stainless steel with B added, since the yield of Gd is low when it is smelted, 
and it is a very expensive raw material. 

[0010] 

Means of Solving the Problems: Therefore, the inventors studied ways of solving these problems 
very intensively. As a result, they discovered that, when B is added, if a suitable quantity of Gd is 
added with it as a compound, an austenitic stainless steel is obtained which has a great ability to 
absorb thermal neutrons, without lowering the hot workability, cold workability, or weldability. 

[0011] That is, this invention provides an austenitic stainless steel for shielding hot neutrons in 
which B (boron) and Gd (gadolinium) are added to austenitic stainless steel which contains 7-15 
wt% Ni and 15-25 wt% Cr in the ranges of 0.1-1.0 wt% B and 0.1–2.0 wt% Gd, and they are 
contained in such a way that α, shown by the formula α = (B wt%) + 4 × (Gd wt%), is 0.6 or 
greater.   

[0012]   

Activity of the Invention: When B and Gd are added as a composition to austenitic stainless steel 
in the aforementioned ranges, good thermal neutron absorbability can be given to the steel 
without causing its hot workability to decrease. Therefore, good hot coils of this steel can be 
produced even though the hot rolling conditions are not stringently limited, and the necessary 
cold workability and weldability can also be provided. 
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[0013] In this invention, the austenitic stainless steel base material to which the B and Gd are 
added contains 7-15 wt% Ni and 15-25 wt% Cr. Ni is an important element in austenitic stainless 
steel; it is necessary for it to be present at 7% or more, together with Cr, to obtain good corrosion 
resistance. However, since the effect of improving the corrosion resistance is not increased in 
proportion to the high expense, and approaches saturation, even if an excessive amount is added, 
it is contained at 15% or less. Cr, also, is an important element in austenitic stainless steel; it is 
necessary for it to be present at 15% or more, together with Ni, to assure good corrosion 
resistance. However, if a large quantity is added, delta ferrite is produced in large quantities and 
the hot workability deteriorates; therefore, its content is made 25% or less. 

[0014] In the steel of this invention, the reasons for B to be in the range of 0.2-1.0 and the Gd in 
the range of 0.1-2.0T are as follows. 

[0015] If the B is added at over 1.0%, the hot workability of the steel deteriorates markedly and 
the hot workability becomes difficult. Therefore, the B content is made 1.0% or less. On the 
other hand, sufficient thermal neutron absorbability can be exhibited, with the compound use 
with Gd, by adding 0.2% or more B. If the B content is less than 0.2%, a large quantity of 
expensive Gd is necessary to obtain sufficient thermal neutron absorbability, and this is not 
economical. 

[0016] Gd can greatly increase the thermal neutron absorbability without causing the hot 
workability of the steel to decrease by adding it compounded with B. Therefore, it is necessary to 
add the Gd at 0.1% or more. However, although the thermal neutron absorbability of the steel 
increases when more than 2.0% is added, it is more than enough, and on the other hand the cost 
becomes high. Therefore, it is all right to add up to 2.0%. 

[0017] However, in the ranges in which the B and Gd are added, when α in the formula  

α = (B%) + 4 x (Gd%) 

is less than 0.6, the thermal neutron absorbability cannot be sufficiently exhibited. By making the 
value of α 0.6 or higher, a stainless steel can be produced which has sufficient thermal neutron 
absorbability while the Gd content is kept down.  

[0018] If necessary, usual alloy elements can be added to this austenite stainless steel to which B 
and Gd are added as a composition. A typical steel of this invention contains, by wt%, C: 0.15% 
or less, Si: 1.0% or less, Mn: 2.0% or less, P: 0.04% or less, S: 0.03% or less, Ni: 7-15%, Cr : 
15-25%, N: 0.20% or less, B: 0.2-1.0%, and Gd: 0.1-2.0%, provided that α in the formula given 
above is 0.6 or greater. The remainder consists of Fe and unavoidable impurities. In the steel of 
this invention, the reasons for limiting the contents of these components in this way are as 
follows. 

[0019] C is an austenite-forming element; it is effective for strengthening steel, but causes the 
corrosion resistance to deteriorate. For this reason, its upper limit is made 0.15%. 

[0020] Si is added as a deoxidizer, but if a large quantity is added, the toughness of the steel 
deteriorates. Therefore, its upper limit is made 1.0%.  
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[0021] Mn is effective as a deoxidizer, but if a large quantity is added, the corrosion resistance 
deteriorates. Therefore, its content is made 2.0% or less. 

[0022] P tends to produce segregation, and causes the hot workability and corrosion resistance 
to deteriorate. Therefore, its concentration is made 0.04% or less.  

[0023] S causes the hot workability to deteriorate; therefore, its concentration is made 0.03% or 
less. 

[0024] N is an austenite-forming element; it is effective for strengthening steel, but if it is added 
in a large amount, the corrosion resistance deteriorates. Therefore, its content is made 0.20% or 
less. 

[0025] Furthermore, various elements which, as is publicly known, contribute to increasing the 
various properties of austenitic stainless steel, for example, Mo, Cu, Co, Ti, Nb, etc., may be 
added in suitable quantities. 

[0026]   

Working Examples: Thirty kilograms of various steels containing the chemical components in 
Table 1 were smelted in a vacuum induction melting furnace. Billets 40 mm thick, 100 mm wide, 
and 150 mm long were cut from ingots cast from these steels; after they were heated to 1150 °C, 
they were hot-rolled to a thickness of 6 mm. Next, these hot-rolled slabs were annealed and 
pickled, and then cold-rolled from 6 mm to 3 mm. 

[0027] The hot workabilities of the various steels during the hot rolling were compared and the 
results are shown in Table 1. The evaluation of the hot rolling was done by observing the degrees 
of ear cracking. When there was no ear cracking at all, the sample was evaluated as “O”; when the 
lengths of ear cracking were 5 mm or less, it was evaluated as “Δ”; and when it was more than 5 
mm, it was evaluated as “X.” 

[0028] The cold workabilities of the various steels were compared and these results are also 
shown in Table 1. This test was a V bending test with an inner radius of 3mm in which part of the 
3 mm material was sampled; once it was annealed, the V block method of JIS Z 2248 was 
followed. The evaluation of the cold workability by this method was done by the presence or 
absence of cracking due to this test. When no cracking was produced, the sample was evaluated as 
“O”; when cracking was produced, it was evaluated as “X.” 

[0029] Furthermore, the weldabilities of the various steels were compared and these results are 
also shown in Table 1. The evaluation of the weldability was done by making hot-rolled annealed 
samples 12 mm thick by the same method as described above and performing a T-weld cracking 
test according to JIS Z 3153 and observing the presence or absence of cracking. When no 
cracking was produced, the sample was evaluated as “O”; when cracking was produced, it was 
evaluated as “X.” 

[0030] Moreover, the thermal neutron absorbabilities of the various steels were compared and 
these results are also shown in Table 1. The standards of the evaluation were as follows. Test 
slabs 3.0 mm thick were placed between a thermal neutron source and a detector; the intensity of 
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a neutron beam passing through the test slabs was detected with the detector and the neutron 
absorbability was observed. A test slab with a B content of 0.6% was used as the comparison test 
slab; samples with better neutron absorbabilities than it were evaluated as “O” and ones with 
worse neutron absorbabilities as “X.” 

[0031] Furthermore, the evaluation of production cost in Table 1 was derived from a calculation 
of the yield based on the degree of cracking and the prices of the added elements. Conventional 
A2 steel was used as the criterion; samples which could be produced more inexpensively than it 
were evaluated as “O” and more expensive ones as “X.” 

[0032]   
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Table 1      

Sec-  
tion 

S. 
No. 

Chemical components (wt%) 

α* 

Ther- 
mal 
neu- 
tron 

absor- 
bability 

Hot 
work- 
ability 

Cold 
work- 
ability 

Weld- 
ability 

Pro- 
duc- 
tion 
cost 

Total 
evalu- 
ation C Si Mn P S Ni Cr N B Gd 

Com- 
pari- 
son  

steels 

A1 0.031 0.53 1.15 0.022 0.002 8.21 16.05 0.013 0.45 – 0.45 X O O O O X 

A2 0.027 0.42 1.02 0.028 0.003 8.51 18.98 0.024 1.01 – 1.01 O X O X O X 

A3 0.035 0.35 1.18 0.029 0.001 12.53 19.88 0.021 1.48 – 1.48 O X X X X X 

A4 0.030 0.47 0.99 0.030 0.001 13.10 20.07 0.018 1.74 – 1.74 O X X X X X 

Steels  
of this 
inven- 

tion 

B1 0.054 0.60 0.95 0.029 0.003 8.57 18.25 0.061 0.33 0.16 0.97 O O O O O O 

B2 0.048 0.54 1.19 0.023 0.002 12.04 19.63 0.042 0.73 0.19 1.49 O O O O O O 

B3 0.051 0.49 1.02 0.022 0.003 12.02 20.23 0.033 0.84 0.45 2.64 O O O O O O 

B4 0.058 0.57 1.24 0.025 0.003 9.76 19.34 0.053 0.87 0.32 2.15 O O O O O O 
Com- 
pari- 
son  

steels 

C1 0.047 0.55 1.00 0.024 0.004 12.13 19.89 0.028 – 0.11 2.44 X O O O O X 

C2 0.048 0.47 1.02 0.029 0.001 10.34 18.25 0.041 – 0.66 2.64 O O O O X X 

C3 0.052 0.43 1.08 0.026 0.003 11.56 18.35 0.032 – 0.74 2.96 O O O O X X 
*α = (B%) + 4 x (Gd%) 
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[0033] As can be seen in the results of Table 1, in the comparison steels A1–A4, the hot 
workabilities, cold workabilities, and weldabilities were good if the quantity of B added was 
0.45%, but if it was 1% or more, the ear cracking after hot rolling became 5 mm or more and the 
hot workabilities were founded to decrease greatly. The thermal neutron absorbability of A1 was 
poor, but those of A2–A4 were good. 

[0034] On the other hand, the comparison steel C1 had good hot workability, cold workability, 
and weldability, but its thermal neutron absorbability was inferior. Moreover, the thermal 
neutron absorbabilities of the comparison steels C2 and C3 were good, but their drawback was 
their production costs. 

[0035] With the steels B1-B4 of this invention, on the other hand, no ear cracking was produced 
at all during the hot rolling; their hot workabilities were all good. Moreover, their cold 
workabilities and weldabilities were also good. Furthermore, their thermal neutron 
absorbabilities were also all good. Moreover, it was found that the thermal neutron 
absorbabilities of the samples with α values of 0.6 or above were excellent. 

[0036]  

Effectiveness of the Invention: As explained above, stainless steels for shielding thermal neutrons 
with good hot workabilities, cold workabilities, and weldabilities are obtained by means of this 
invention; it can provide a good material for producing nuclear-power-related containers for 
nuclear fuels and spent nuclear fuels, etc. 

  

   

 


