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Effect of Impurity Elements on Temper Embrittlement of
Nickel-Chromium Steels

Tadahisa NAKAMURA, Tsuneaki SAKAKI, and Sohsuke SHINOZAKI

Synopsis:

Temper embrittlement of the nickel-chromium steels containing P, As, Sb, Sn, or Mo has been
investigated. The impact properties of the non-embrittled steels quenched after tempering and of the
embrittled steels step-cooled following tempering were studied by the instrumented Charpy test.

Susceptibility to temper embrittlement was measured by comparing the transition temperature and
the effective surface energy of nonembrittled steels and the step-cooled steels. The embrittling treatment
applied to steels with Sb, P or Sn caused very much increase in transition temperature, but the same
treatment applied to the steels with As or Mo caused less increase in transition temperature. The
mechanical properties of the steels embrittled by step cooling were characterized by the low fracture
load, low effective surface energy and the small deflection of the specimen to fracture.

The fracture mode of the step-cooled or the non-embrittled steels tested at low temperatures was of
intergranule along the prior austenite grain boundary or of quasi-cleavage respectively.

The technique of Ion Micro spectroscopy and the Auger electron spectroscopy used to study the
segregation of impurity elements to prior austenite grain boundaries, and it was found that Sb, P and

Sn segregated at grain boundaries during tempering of the steels containing Sb, P or Sn.
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Table 1. Chemical analysis of the steels.

Steel C Si Mn S Ni Cr P As Sb Sn Mo
1 0-380! 05 0-31 0-005{ 3-19 071 0-005| 0-008 | 0:0014 [ 0:007 | 0-03
2 0-372  0-54 0-46 0006 | 326 072 0-023 — — — —
3 0-366 | 0-57 0-23 0005 | 3-21 0-72 0-007 | 0:046 — — —
4 0-378 | 0-53 0-25 0:006 | 3-19 072 0-005 — | 0040 — —
5 0-370 | 0-55 0-25 0-005 | 3-21 0:72 0-004 — — 0072 —
6 0-371 55 0-29 0-006 | 3-19 0-72 0-005 — — — 055
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Fig. 1. (a) and](b) are Charpy impact properties

of the standard steel. ( c) is load-deflection
curves of Charpy test.
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Fig. 2. (a) and (b) are Charpy impact properties
of the steel containing phosphorus. (c¢) is
load-deflection curves of Charpy test.
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Fig. 3. (a) and (b) are Charpy impact properties
of the steel containing arsenic. (c) is
load-deflection curves of Charpy test.
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Fig. 4. (a) and (b) are Charpy impact properties
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of the steel containing antimony.
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Fig, 5. (a)and (b) are Charpy impact properties
of the steel containing tin. (c) is load-
deflection curves of Charpy test,
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Fig. 6. (a) and (b) are Charpy impact properties
of the steel containing molybdenum. (c)
is load-deflection curves of Charpy test.
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el A, 34 TRk ST, As DESEIBRHTE
o, Tt As p5x— U - BFORE RN LE
W ENEBEETHHE»D TIEEL, As IKhhPfo x5
v T — Vi XHHEbE, BEETIETDHEER TV
Aok (P, Sb, Sn, T DOiREW: Table 1 IR L
7~ Steel l iIz4 5P, Sb, SnORELFEUEETH
59) WXBMbAHDLEEZHDT As ORITIIED
TINEVWEHESIN, ThAPRELRRETHA S.

5. & =

Ni-Cr $fic P, As, Sb, Sn, Mo Zifhn L7-8R% A
B UCEBER LEEOERZITOVIRO X S fbmeE
"

1) 259 7o —i XOTHRILAEEZITE Z Lc
4, Sb, P, Sn AN LAMEH S W CEBIRE OF
LW iABsRD LN, As ZHUMEICIEBRED b
470 <, Mo IIFHC v TiEEBIRE MR BER
LI a e LW T &b D7,

2) EELIKX2THRIL LR T, Bl E MK
<, WHRROBMERT ANF —PELIETLTVS
T EHRBDI.
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3) AF v 7o —-ABMIMBICIEVTRIAA -2 575
4 PRSUTIBORRBIRTDH D, ML s Uiyt
DG ESEATIE TH Dk

4) A7y U —nFoRFRgmtbici, Sb, P, Sn-

BHETDHIERA -2 FEF AR L2>THDLN,
Fi Sn BNEETDHZ N IMA C XoTHED L.
As WBALTE, #— 2 2B XX B9 E2R_L 78 As
oBHIETE ROk,

AR EITE S DD, BROSEEOTTE 2k
SEMBERTARA O KBELRRICHEEZE LET.
IMA WX 345H% LTTF 2740k Bt ERIE T
BOFREFIRKR, -0 T X558 % LCFX 270
AEZER (R) B ETREFT O B S # MBI 3 L2 &
DCHBEEZEERLET.
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