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Strength and Toughness of 9Ni-Cr Steels in the Temperature
Range from 77 to 4.2K

Rikuo OGAWA, Masao SHIMADA and Takefumi HORIUCHI

‘ Synopsis :

v The temperature dependence of the strength and toughness was measured for quench-—and-tempered
99, Ni steels containing 0.5% Cr and 1.0% Cr which were quenched with the cooling rate simulated to heavy
plate, and a commercial 9% Ni steel in the temperature range from 77 to 4.2 K. The yield strength of the
three steels increased monotonically and reached the same value with decreasing temperature down to
20 K. Below 20 K, anomal change in yield strength was observed. The Charpy impact tests showed a
decrease in the absorption energy and an increase in the brittle area on fracture surface in 9Ni-0.5Cr and
9Ni-1.0Cr steels at the temperature between 77 and 40 K, but below 40 K, only a slight change in the ab-
sorption energy and no apparent ductile-brittle transition temperature. The commercial 9% Ni steel showed
a full ductile fracture mode in the whole temperature range tested.

The fracture toughness test (J ingegral test) of the three steels showed the clear ductile and brittle transition
and a low energy brittle fracture below 30 K. The nil-ductility temperature and the ductile and brittle
Py transition temperature are almost the same among three steels, but K;¢ (J) values are different. The 9Ni—

1.0Cr steel showed a relatively high K ;¢ (J) value especially in the brittle fracture range.
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Table 1. Chemical composions (wt%) and heat treatment of 92, nickel steels.

C Si Mn P S Cu Ni Cr Mo Al
9Ni-0. 5Cr 0.071 0.23 0. 50 0. 003 0. 002 <0.1 9. 01 0. 49 0.20 0.022
9Ni-1.0Cr 0.070 Q.25 Q.50 Q. 003 0.002 <0.1 9.13 Q.99 0.20 0.022
INi* 0.05 0.22 0.57 0. 002 0.001 9.12

* Commercial plate (25 mmt)
> Heat treatment
9Ni-0. 5Cr: 800°C x 2h m" RT— 600C x2h —AC

9Ni-L 0Cr: 800°C x 2h RT — 600°C x8h —AC

11°C/min

B S Eo R CBEM 2 BE L BB L, 77K
TIRIE 1009 FEM:BE & /n T Fe oW T, 77~4.2K
BIDOME &Ptk 5 5B, v+ & —EERR, JK
HRBREC L R T, FOBRYHRETS.
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T & L7, BEEED 11°C/min (2G5
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Fig. 1. Tensile test results of 9Ni-0.5Cr and
9Ni-1.0Cr steels.
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Fig. 2. Tensile test results of 9Ni steel.
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Fig. 3. Charpy impact test results of 9Ni-0.5Cr,
9Ni-1.0Cr and 9Ni steels in the temperature range
from 77 to 4.2K.
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Fig. 4. J-4da curves of 9Ni-0.5Cr steel at the
various temperatures.
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Fig. 5. J-4a curves of 9Ni-1.0Cr steel at the
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Fig. 8. Plotting of the yield strength of 9Ni-0.5
Cr, 9Ni-1.0Cr and 9Ni steels as a function of
T/,
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a : 9Ni-1.0Cr at 52K
b : 9Ni-1.0Cr at 4.2K

Photo. 1. Fractographs obtained
on the brittle fracture parts of
the fractured Charpy impact test
specimens.
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a :9Ni-0.5Cr b :9Ni-1.0Cr ¢ :9Ni steels
Photo. 2. Fractographs obtained near the crack tip of the fracture

toughness test specimens at 4.2K.
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a : Crack propagates along the packet boundary
b : Crack propagates across the grain

Photo. 3. Crack path of the fracture toughness
test specimen of 9Ni-1.0Cr steel tested at 4.2K.
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0.14, 9Ni-1.0Cr g8-c 0.18, 9Ni 4§ 0.03 THot-.
9Ni-0.5Cr gf & 9Ni-1.0Cr $-citin T LFRE D EIT
INEVN. 0y, of* AT OWTEN LW EEZ DR
LT, WED Kic DFEX, L* OEL X D DL
Zzbns. C EOBRVHARILHOHSHCEEY 52
TwWbdDLEL LS. INigBTIECEIZAKL, Cr
bEEhThin e, INI-Cr glic B L, lo* 1hk&
{IsB BB, n2BD TR, ZODRE
W Ko Rzl bhnotcdb D Bbhbhb.

5. % El

BB 2T Li-BuE i C Avo 9% Ni
Wk OO 9% Ni Stk 7TK~4.2K RTDH
LA ToBELE .

1) B, 3MEELe, 77K 5 20K %
THFHHEML, 20K 5T —%T5. 200K~4.2K
THIMISE Y, BEFAMNA SO ThABE I 20K
FCOBBYEIMIAM =LA RS =X 1L FHEIND
TYs QI CRETE 5.

2) v v —EBRRARTX, WHERciER:, REER
B HIGE X Ruie 2y o7z, 9Ni-0.5Cr, 9Ni-1.0Cr £ &
e 7TK~40K Dific 70~80] ORI =3 ¥ —D
KTFERDED 30%, 25% OMtEBiE O FREND Dz
2, 0K~4.2K Bcitizig—E L 2T\ 5. 9Ni§f
i 77K + 62K ¢ 30] oRIR =< x LF —DETF
NhHoh, 62K~4.2K Tizig—E& i, MBHEHEED
R I.

3) JELHEBRTIIME L bR IEY:, R
BoggIh. NDT, BBREELICE © 0 30
K, 60K Tizig—H L-ENE Hh, MR c3IMEs
LIIITFEEREEE AR LT3, iR To K¢
(J) ¥, 9Ni-0.5Cr $f 24MPay m, 9Ni-1.0Cr £R
< 87 MPay/m, INi it 63MPay m ¢, 1%Cr o
WO CIEMIR b & THER S Ko 2 bhi.

Bbhhicy, ARRERTCHEHBITIVELL,
(¥F) TP SURPT S5 M £ R R E S ER K #
BrERLET.
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