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Temper-Aging Embrittlement of Copper Bearing A533B Steel

Masayoshi HASEGAWA, Nobuya NAKAJIMA, and Nobuharu Kusunoxk1

Synopsis:

The eflect of copper on temper-aging embrittlement was investigated using four heats of A533B steel.
After quenched and tempered, each specimen was aged at 300, 400, 500, and 600 °C for various lengths
of time up to 1 000 hours. The Charpy impact test was carried out and several specimens were subject—
ed to scanning electron microscopic and Auger electron spectroscopic studies.

The results obtained are summarized as follows: ’

1) A533B steel bearing 0-379% copper showed the temper—aging embrittlement which was similar, in
behavior, to the temper embrittlement caused by phosphorous under the same heat treatment condition.
2) The degree of the embrittlement was affected by aging temperature, aging time, and prior austenite grain
size.
3) After aging, the copper enrichment was found at the fracture surface by Auger electron spectroscopic
study.

(Received May 2, 1974)
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Table 1. Chemical composition of A533B steels (wt%).

Spef\}g‘“ c | si [Mn | P s | cu | ni

cr | Mo | a1 | N | sb | sn| as | Bi

Hl 0-20 | 0-26 | 1-31 | 0-007| 0-010| 0-14 | 0-61
N2 0-20 | 0-19 | 1-15) 0-010 0-013| 0-15 | 0-60
Cu3 0-18 |1 0-25 | 1-39 | 0-007{ 0-010( 0-37 | 063
P4 0:18 |1 0-19 [ 1-10 | 0-060; 0012 0O-15 | 0-60

0-17 { 0-53 | 0-036/0-0011| 0°006( 0005/ 0-002/0°001
0-17 | 0-53 | 0-023,0-0170 0-002| 0-008| 0-014| tr
019 | 0-55 | 0-016/0-0108| 0-009| 0-008| 0-013] tr
0-17 { 053 | 0-011/0:0170] 0-003] 0-008] 0-014| tr
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Fig. 1. Effects of copper and phosphorous on temper-
aging embrittlement of A533B steels aged
at 500°C for 1000hr after quenched and
tempered.
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Fig. 2. Auger spectrum of A533B steels before and
after aging at 500°C for 1 000hr.

(3) WEESRC XS LBR LEREHEMETHS
25, RGBSt R E TH .

(4) F—vBFHFIC X O EEAERSE ORI B
Lhds Cu @ ¥— o7 9580 bk,

53, ARV RENEH B 8k - A IBRGRERZERT
THRENABNAIERETH D, F— 2 BTHH
R ERPIEFICR I L b O TH B, b hic b
DT, HRD T & i TR EAR BT 8K
TARE LUEBNARBSEBHRCEL S1LP LET 5.

L4 Ak
1) J. R. HawTHORNE: Irradiation effects on struc-
tural alloys for nuclear reactor applications,
ASTM STP 484, ed. by C. Z. Serpan, Jr. and
W. C. Morgan, (1970), p. 96 [American So-
ciety for Testing Materials)
2) J. H Horromon: Trans. ASM, 35 (1946),
p- 473

3) R. ViswanaTHaN: Met. Trans., 2 (1971), p.
809

4) J. M. Garus: JISI, 200 (1962), p. 922

5) H. Marcus and P. W. PaLMBERG: Trans. Al-
ME, 245 (1969), p. 1664

— 110 —



