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Embrittlement of 5.5% Ni Steels on Slow Cooling from the
Final Tempering

Kotobu NAGAI, Koji SHIBATA, Masato MURAKAMI, and Toshio Fujrra

Synopsis :

The embrittlement on slow cooling was studied in the intercritically heat treated cryogenic nickel steels
which contain reverted austenites. The 5.5% Ni steels with different Mo and Cr contents were QLT
treated and reheated at 600°C for 20 min and then slow cooled at a rate of about 0.2 K/min to the tem—
peratures at which the slow cooling was interrupted by water quenching.

Three types of embrittlement took place on slow cooling, depending on chemical compositions and in—
terrupted temperatures. Intergranular failure was a characteristic feature of the embrittlement in Mo
free and 0.4 Mo steels and this was attributable to temper embrittlement. In the cases of 0.2 and 0.8 Mo
steels, no intergranular fracture was observed and quasi-cleavage fracture became more dominant with
a decrease in the intermediate-quenching temperature. As the cooling proceeded the yield strength de—
creased or remained in a low level at first and increased gradually and reached a constant level. This may
be concerned with the change in the stability of reverted austenite on slow cooling. For 0.6Cr-0.4 and
0.8Mo steels, martensitic transformation of the unstable austenite appeared to occur at low tensile stress
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level and decrease both yield strength and toughness.
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Table 1. Chemical compositions of the steels in the present work in weight 25.

C Si Mn P S Ni Cr Mo Al Ca* N= Oo*
S1 0.07 0.28 1. 20 0. 003 0. 007 5. 64 0. 60 — 0. 023 76 40 46
S 2 0. 08 0.28 1. 19 0. 004 0. 005 5.74 0. 63 0.21 0. 037 26 42 37
S 3 0.08 0.29 1.25 0. 003 0. 007 5. 64 0.61 0. 40 0. 023 76 32 38
S 4 0.07 0.27 124 0. 003 0. 006 5. 64 Q.62 0.79 0,023 76 38 36
S 5 0,07 0,29 119 0. 004 0. 005 5. 80 0. 27 0.22 0. 038 30 43 31
Sé6 0. 07 0.28 1. 19 0. 003 0, 005 579 — 0. 22 0. 042 25 45 35
S7 0. 07 0.29 1. 19 0. 003 0. 005 5. 87 — - 0. 043 25 43 37

*:in ppm, — :less than 0.01%
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Fig. 1. Continued on next page.
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Photo. 1.

Scanning electron micrographs of brittle fracture surfaces of slow-cooled and then

quenched from (A) 600°C, (B) 550°C, (C) 500°C, (D) 450°C, (E) 350°C, and (F) 300°C.
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FE (E2M) AEREEZ L 6T, BEBY & [H
i r 2 Cr HRIROBAALRERLLTV] LiBRTE
h, TZTOFRLE—-KLTW5.

it 0.62% Cr #lo QLT 600 #f oo A5HE 7 nifK
BHZ L DA ARRETHH R LA, 33 HTelR#
S3, S4(0.6%Cr-0.4, 0.8%Mo) » e & LIEAD
Hl I CO 7R M EERTAREL LTS LV 5
Wb D20 REMAY 2 AR R oo Tuw B,

0.6% Cr #d QLT 600 H OBy X D ANKE
ThbHI &, THEECEBOAI T L, Licih~i:
T AT B RO B A R TIR T s LT, i o
AR T2 M ERTA B2 b5, Thb
B, X ORLEIYHERE r (XGRS LIRS IRERD
DI INZ L DT =T v 1 FEEL, LhEL
ORBEMNY obT. BEECED KN Lo
7 EEBOEYEDH LA, ZDX52 LT 0.6%
Cr g QLT 600 tf CixREREE FAE NI Z L2331
HTx5.

wic, PR ORBRRETHBC SDWTRHU T X5
HPEh5. 0.6% Cr @THEHELN, B0 do ©
TAEANE E A Eicvoiz 4Y a8+ 5% (Fig. 5) = &
X, BECEOEET/chbirfiroEE S - BEA2T
MBI OREFFHHATELLW EEBRLTWVS, L
NOTERE FOMBUL, SHRES L 5IEREROW
WIS X 2T rr A= AT v 1 P ERBLTHEA
I EERAr 2 E R AhiuLiis Hicws. QLT
600 WEIC X O THHIFFEA I NSRS O Bl
Tl D BAECHEDL ELETT A ENTFHIRS. L
2L, 600°C 20min hn#hd, U kiR @0cilf 4E R
AT E LT, rr BARRELRLTWBH, BRY
WOMIGT T re PNVERET S = 23, WIEHEAL 2RI X
WL kEfeh, ZonEE(A L EABEINTHE D LT
Ak, FBEOMITIZ XD rr DRI EEI I X h
AR O AT BIRAAL L AW X, BRIRBE Mad: U2
HhlicisbbEL2h5.

FLIRENLORGIZX 5L 469

4. % =

5.5% Ni S8BT, REALE (600°C 20 min i
%, ) 0.2K/min THH) Nz B0z o
THS LR, APz Eatbhhor:.

(1) BHFCIST-RBIRN =5 ¥ — 2L FT 5
2, BRIET BT L B MO Wimc X 540
&, pine-cone BEHIDHEIMZ X2 b D25 5. HiFEiL,
0.2, 0.8% Mo 8T, %2 0, 0.4% Mo BTH 5.

(2) ‘b op T LAEEL LRV, oy 2R
BT AE F S LB R & D, fRigHE
DE ERLTHAMNTS v BRI T. oz,
TR DERBENBREPENTH LTS - HE2D
h5.

(3) #@~BimOMING, oy O LR & (FHIEG
LT\ %, pine-cone BEMiiLkEd & LEMEIC X A6 T
HY, oy WMEFLTLRIN=F1F %K FIH5.
0.6%Cr-0.4, 0.8%Mo T, RHOERMICI\T
oy DIEFIC 20 bTRI = 3 v F — AT 555,
SRR rr PMEIGI T~ T v PAETD
EZ X HHME TS THS.

B ABFIE & D B h HE S 2 ke
FHAERTT B PO e RT ) — T4 (BT &),
TR OFEIC, B H AR AP Fe By Er | VI
Az, b g KON R L e AR RS
DG L F T

¥ 7o, ATFRBAS MBI HEREI A7 P H
Bt (BUE A ARSABER AR BEEPT) (CRHE L
b 0
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