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Effect of Ti and Zr on Hot Shortness of Low-Mn Stamless
" Steels for Reactor Materials.

_(Studies on the stainless steels for reactor materials—I)
Masdo KAWAHATA.

Synopsis: :

The present 1nvest1gat10n was undertaken to develop the low-Mn AISI type - 347 stainless:
steel for nuclear reactor materials. The hot shorthness caused by lowering Mn content in
steel, .and favorable effect of Ti or Zr addition on low-Mn "alloys.

The experimental results obtained were as follows;

(1) Mn content in steel could be reduced to below 0°109% through careful selection of’

raw materials. »

(2) The hot shortness was apt to occur when Mn content in steel was decreased to 0°60%..

Addition of Ti or Zr over 0°10% presumably was effective against the hot shortness.
© (3) It can be considered that the drop in hot ductility for low-Mn steels and the sol-
ving this problem by the addition of Ti or Zr might not only depend on the type

of oxides and oxygen content, but also mainly on the morphology of sulphides.
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Table 1. Chemical analysis of steels investigated.

| Heat . P : : O
Steels No. C Si | Mn | P S Ni | Cr | Nb | Ta N (ppm) Others
0%05~1+81 | B-1" | 0°055 024 | 0°05 | 0-003) 0+016| 11°88| 16°56 0°69 | 0°06 | 0°019| 272 —
%Mn 2 | 0°069| 022 | 0*17 | 0-009| 0015 1155/ 18°55 0*75 | 0*07 | 0°036| 82 —

3 | 0°060| 054 | 0°33 | 0+007| 0°015| 11°85| 18°40 0*77 | 008 | 0°028| 91 -

4 | 0°065 0°47 | 0*61 | 0+010] 0°017| 10°07| 1841| 0-73"| 0°06 | 0-033 82 —

5 | 0°073| 0+57 | 1°08 | 0-010| 0°013 1125/ 18°07| 0*74 | 006 | 0°035 84 —

6 | 0°065| 0°52 | 1°53 | 0°006| 0°015| 1128\ 18°07| 074 | 006 | 07035 76 —

7 | 0°068| 0°42 | 1°81 | 0°006| 0*013 11°37| 17°75 0°67 | 0°04 | 0°035| 71 —
0~043% Ti| C-1 | 0°058 0°26 | 0°06 | 0°001| 0°012] 12°00| 1853 069 | 005 | 0-015| 308 | Ti tr
~0%06% Mn| 2 | 0°086| 0°31 | 0°07 | 0°001| 0*014| 12°15|.18°30| 0°69 | 011 | 0°019 224 004

- 3 | 0°086| 0v51 | 0°07 | 0+002 0°011| 12+02| 1806/ 066 | 0°11 | 0°019| 167 | 016

4 | 0°083| 061 | 0°07 | 0-002| 0°012| 11°83| 1868 0*77 | 0°12 | 0°0l6| 78 023

‘ 5 | 0°056 065 | 0°06 | 0°001| 0°011] 12°00| 18°40| 0°76 | 0*11 | 0°020| 58 0°43
©0°36~0796%Si| D-1 | 0°038| 035 | 011 | 0+010| 0°015| 1270| 1833 0*63 | 006 | 0°036] — —
(Added as 2 | 0°044] 0°55 | 0*12-| 0°012| 0°013| 12+72| 1852 0°56 | 004 | 0°034] — —
Ca-Si) 3 | 0°038] 0°69 | 012 | 0°013) 0°013| 12°70| 18°12| 0°65 | 0°05 | 0*026] — —~
~0°15%Mn 4 | 0°044] 0°96 | 0°13 | 0°014| 0013| 12°72| 18°42] 0*64 | 006 | 0°039 — —_
R - - -
o-oi0769y| E-1 | 07038 0:29 | 0714 | 0°012 0:017| 12°70| 17°00| 0°73 | — | 0°040 289 | V 027
et 2 | 0°029| 046 | 015 | 0°012| 0°017| 12+03] 17°80| 083 | — | 0+040 220 0°41
6 3 | 0°033| 0°39 | 0*11 | 0°010] 0°017| 12+60 18°20| 0°79 | — |0-034 166 | 076
O ity | F-1 | 0v0s9] 0v56 | 0+14 | 0008 0017} 12:70) 18111 0774 | — | — | — | 'Zr 004
. " 2 | 0084 0°85 | 0°14 | 0°007| 0-014| 12°48| 18°57| 0°77 | — | — | — 0°12
as Si-Zr) . , ,
~0°15%Mn
0°02~048. | G-1 |0%059| 043 | 006 | 0+010| 0008| 11+74 17°60| 0*61 | — | — | 301 | Al0-022
%Al 2 | 0°057| 0%64 | 0702 | 0*009| 0%007| 11°81| 17°33| 065 — | 9 0071
~0°06%Mn 3 | 0°088| 0%68 | 0709 | 0°009| 0+006| 11+78| 1746/ 068 | = | — | 56 0081
4 | 0°068/ 066 | 0°02 | 0*009| 0°007| 11°72| 17°56[ 0%65 | — | — | 49 026
5 | 0°060| 068 | 0°02 | 0°009| 0°009| 11+64| 17769 0°69 | — | — | 44 048
§0~100 ppm | KV~ 5 | 0:043( 041 | 0:02 | 0°006| 0°011| 12°45 1970 081 | — | 07009 98 -
103 6| 0%029) 0°38 | 0°03 | 0*006 0°010| 12°75| 20°14{ 0°70 | — [0°010] 82 —
(Vacuum- & | 0°048 042 | 0+02 | 0-006[ 0°011| 13+05| 1965/ 085 | — | 0°010 45 —
eised) 9| 0°022] 0°45 | 0°02 | 0*008| 0°010| 12+85 1965 0°84 | — |0%008 63 —
: 11 | 0°022| 042 | 0*01 | 0+005| 0*009| 12°90| 19+90| 080 | — | 0-c08| 53 -
12 | 0028 0°53 | 0°01 | 0°008| 0°009| 12°81| 20°63| 089 | — | 0%008l 32 | ~—
13 | 00049 0%51 | tr | 0°006 0°009 13°23| 1968| 0°82 | —. | 0008 15 s
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