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Temper Embrittlement by Phosphorus and Fracture Behavior

Synopsis:

Kazuo YAMANAKA and Yasupa OHMORI

Temper embrittlement and fracture behavior of Fe~C and F e—C-Ni~Cr alloys doped with P were studied
by means of grain boundary etching technique, Charpy impact tests, and low temperature tensile tests.

Grain boundary etching behavior with respect to aging time seems to correspond to the cementite preci-
pitation at the grain boundaries together with the change of the grain boundary concentration of P. Temper
embrittlement does not occur only by the grain boundary segregation of P, but needs the coexistence of

alloying elements such as Ni or Cr.

Brittle fracture in temper embrittled alloys is initiated by the formation of grain boundary cracks followed
by the crack propagation without arresting. Therefore, Griffith’s crack such as a pearlite colony crack is
not assumed to exist in the fracture of temper embrittled alloys.
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Table 1. Chemical composition of steel (wt2) .

Stee!l [ Si Mn P S Ni Cr Nb

A 0.030( <001 |<00! [0007]|0005|<0.01| <00 1| <001

0.042| <001 [<0.01 [0.045|0005|L001| <001| <001

0.038| <0.01 |<0.0! |0.051 |0.005|<001|<00i| 030

035 | <001 |00l [0006|0005/<L001|<001| <001

0.35 | <0.01 <001 }|0.039|0005|<001|<001| <001

0.034| <001 | 002{0050|0006| 3.41 144{ <0.0!

0035| <001 0.020050{0007| 349 .47 030

T nmMmlo|lo|w

033 | <001 002|0003|0007| 338 1.34| <001

! 032 | <00l 0020053 {0007 341 1.47) 00!
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Fig. 1. Heat treatments.
(a) Fe-0.0359,C alloys
(b) Fe-0.359%C alloys
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Fig. 2. Heat treatments for the low temperature
tensile test specimens of the steel H.
(a) un-embrittled
(b) embrittled (GE step coohng)
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Fig. 3. Low temperature tensile test specimen,
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500t x 90 min

500% x 3000 hr

Photo. 1. Microstructures of Fe-0.035%C alloys with varying embrittling time revealed by grain

boundary etching reagents.

etching reagent : aqueous picric acid-ferric chloride+hydrochloric acid + surface

active agent

etching time : 1 min
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e-035%C-0006°%P

Fe-0.35%C-0.039°P

as-quenched

lSOOt x3000 hr {500t x90min |500% x10 min

Photo. 2. Microstructures of Fe-0.35%C alloys with varying embrittling time revealed by grain

boundary etching reagents.

etching reagent : aqueous picric acid+ferric chloride+hydrochloric acid +surface

active agent
etching time : 1 min
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Fig. 4. Relationship between ductile-brittle tran—
sition temperature and embrittling time at
500°C in Fe-C alloys doped with P,
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Fig. 5. Relationship between ductile-brittle tran-
sition temperature shift and embrittling
time at 500°C in Fe-Ni-Cr-C alloys doped
with P.
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Fig. 6. Auger electron spectrum and scanning electron micrograph of fracture surface of the
steel I aged 120h at 500°C. (O mark in the micrograph is analyzed point).
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Fig. 7. Auger electron spectrum and scanning electron micrograph of fracture surface of
the steel C aged 120h at 500°C.

(O mark in the micrograph is analyzed point).

Photo. 3. Surface micro-crack initiation of temper embrittled alloys after tensile test at —196°C .

(a)
(b) the steel I aged 120h at 500°
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temper embrittled alloy after tensile
test at —125°C (steel I).
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Fig. 8. Results of low temperature tensile test in
un-embrittled and embrittled conditions of
the steel I.
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Fig. 9. Schematic illustrations of temperature de-

pendence of fracture behavior ((a)) and its
mode ((b)).
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T X o5 hED & U LA OREEEIS 1 2380 ks o hic T
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LEZ BN, EEIEE L DICBRINSTL A5 D
BPONFEITFE 2 24 FOWHIZ IS LHEX
N5, EEMOREhcX 28Xt 24 FOk
BIEAGTHHDEEZLNS.

(3) D E ULz PETOR BT O TR
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