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Studies of 6% Nickel Steel for Low Temperature Use

Shin’ichi NAGASHIMA , Takayuki Ooxka, Shozo SEKINO, Hiroshi MIMURA,
Toshiyuki FUJISHIMA, Seinosuke YANO, and Hiroshi SAKURAIL

" Synopsis:

Studies were made in connection with the development of a new steel for low-temperature use. The ef-
fects of alloying elements.on the toughness of 6% Ni steel were examined in relation to metallurgical factors
such as temper brittleness, microstructure and the stability of temper-formed austenite(reverted austenite).

" The results are as follows: - (1) The addition of manganese refines the microstructure and improves tough-
" ness -but promotes susceptibility to temper brittleness. (2) The addition of molybdenum or tungsten is
bene ficial in preventing temper brittleness of 6% Ni steel with a high manganese content and in producing
finely dispersed and stable austenite islands, but has the disadvantage of retarding recovery on tempering.
(3) The addition of chromium is useless in improving the toughness of 6% steel. (4) The addition of
copper has similar effects to those of manganese, that is, it refines the microstructure and improves
toughness.

Based on these results, ‘a new steel has been developed with 6%Ni, 1-2%Mn and 0'2% Mo or 0:45%W,

which has good toughness, such as 13kgm at —196°C.
. (Received Mar. 8, 1971)
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Table 1. Chemical compositions of specimens (wt 2).

No. | Specimen | C Si Mn P S Ni Mo Al N 6] w Cr Cu
1 9Ni. | 010 | 023|078 | 0-006' 0-003 8-98 | 0-001 | 0-016 0-0012] 0-0c6 | — | <0-001

2| 6Ni |0-08|0-18|0-81 | 0-003 0-0C6 589 |<0-002 [ 0:014 — |<0-00100 — - —
30 3Ni |0-11]|0°25]|069 | 0-004 0-003 3-05 — | 0-037,0-0102 0-0013] — | <0-01 | —
4| ONi |013]|0-21|075] 0003 0005 — —|oo031] — i —

4| amMC 009|024 0410004 0008 588 |<0-002 | 0-019' 0-0011] <0-0010 — | <0-001] -
6 | 8MC | 012|024 | 069 | 0008 0-006 5-78 | 0-0016 0-008 0-0014 0-0023 20-001 —
7 | 1IMC |0-10|0°23 | 1-14 | 0-002| 0-004 6:16 | 0-001 | 0-005 0-0019| 07001 | — | <0°001] —
8 | 17MC | 010|021 | 168 | 0-007] 0-006 5-97 | 0-0016 0-003 0-0021] 0-002| — | <0:001, —
9 | 2IMC | 009|025 | 2-10 | 0003 0-003| 6:12 | 0-001 | 0-004 0-0016| <0-001 | — | <0-001 —
10| 35MC | 0-10 | 0-24 | 3-40 | 0-005' 0-008| 5-72 | 0-0016] —|0-0010, 0-004 | — | <0-001] —
11|17 MOL | 007 | 0-22 | 1-62 | 0-007| 0-005| 5-96 | 0-073 | 0-005| 0-0014' G-002 <0-001] —
12| 17MOM | 0-08 | 023 | 1-64 | 0°C07| 0-007| 5-92 | 0-432 | 0-006| 0-0015] 0-002 | — | <0-001] —
13 | 17 MOH | 0-07 | 0-24 | 1-66 | 0005 0-002| 6-07 | 0-65 | 0-015/0-0009 <0-0010 — | <0-001] —
14| 8MO | 0:07 | 0-23 | 0:77 | 0:007, 0-007, 5 93 | 0-20 |0-004/0-0030 0-002| — [ <0-001

15| 17MO | 009 | 0°26 | 1-71 { 0002 0-04 6:00 | 0-18 |0-014/0-0010{ <0-0010] — | <0-001| —
16 | 35MO | 007 | 0:22 | 3 40 | 0-006{ 0-010/ 6:03 | 0-21 | 0-009 00013 <0'0010] — | <0-001] —
17| 45MO’| 0-08 | 0-2¢ | 4 50 | 0-004 0-CC6 6 16 | 0-19 |0°0190°0012 <0'0010 — | <000 —
18 | 17MWL | 0:08 | 0-24 | 1-73 | 0-005| 0-002| 6-01 |<0-001 | 0015/ 0-0010] <0-0005] 0:1 | <0-001

19 [ 17MW [ 011 | 024 | 1-56 | 0-006 0°002| 6:06 |<0-001 | 0-012/ 0 0010 <0-0010| 0-21 | <0-001

20 | 17MWM | 0-07 | 0-24 | 1 67 | 0-0C6 0-002 595 [<0-001 | 0014, 00011 <0-0010 0-45 | <0-001

21 | 17MWH | 0-09 | 0-23 | 1-68 0-004 0002 596 |<0-001 | 0-017| 00010 <0-0010] 072 | <0-001

22 |17 MCR | 0-07 | 0-22 | 1-73 | 0-007] 0-D03| 5-95 — | 0-016 0-0015| ©0-0016f —| o85| —
23 | 11 MOCR| 008 | 0-24 | 1-06 | 0-006/ 0-006 5-89 | 0-19 | 0-011/0-0013 00008 — | 077 |
24 |17 MOCR| 0-08 | 0-22 | 164 | 0-006 0°002 5 99 | 0°17 | 0°010{0-0012 0-0007 084| —
25 [sMoCQUL] 0-018l 0:17 | 055 | 0-005| 0-013' 6-03 | 017 | 0-040 0-0034 | - | 0-49
26 5MOCU | 0-019] 017 | 055 | 0-005| 0-013 6-06 | 0-17 | 0-040| 0-0036 N —| 120
27 [y MOCUH] 0020| 0°18 | 0-56 | 0005 0-013, 6:06 | 0°17 | 0-044 00020 B — 20
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Fig. 1. Effect of nickel content on transition curves

in water-quenched and tempered steels.
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Photo. 1. Microstructures of 0-89,Mn-Ni steels water-quenched and tempered

at the optimum temperature.
(a) Optical photographs
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Fig. 2. Effect of manganese content on transition
curves in 69Ni steels air-cooled and tem-
pered at the optimum temperature.
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Fig. 3. Effect of manganese content on transition
curves in 69Ni steels water-quenched and
tempered at the optimum temperature.
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Photo. 2. Microstructures of 69,Ni steels containing various content of manganese
air-cooled from austenitizing temperature (800°Cx 1 hr.). Replica.
i
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0'8%Mn 1:1%Mn «  1'7%Mn 3°5%Mn

800°C (1hr) AC, 600°C (1hr) WQ
Photo. 3. Microsructures of 69,Ni steels containing various content of manganese air-cooled
and tempered at 600°C for L hr. (a) Replica (b) Carbon extraction replica
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Photo. 4. Intergranular fracture surfaces of 1:79% or 3-59,Mn-6%Ni steels air-cooled
and tempered at the optimum temperature. Replica.
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Fig. 4. Charpy V-notch energy at —196°C and
hardness vs. tempering temperature in
69, Ni steels containing various' content
of manganese.
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¥ig. 5. Effect of molybdenum on transition, curves
in 69%Ni-1-79,Mn steels air-cooled and
tempered at the optimum temperature.
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Fig. 6. Charpy V-notch energy at —196°C and
hardness vs. tempering temperature in 6%
Ni-1-79%Mn steels containing -various con-
tent of molybdenum.
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Fig. 7. Effect of molybdenum on transition curves
in 69%Ni-1'72,Mn steels air-cooled and
tempered at 500°C for 1 hr.

T T

6Ni X Mn Y Mo
1150°C (12hr} FC
800°C ( 1 hr) AC

Tempered ( | hr) —

20

o 35SMn 04Mo 600C

{3240 O Mo 8OOT |
/ I'6Mn O2Mo 600°C T
. 600°C __L
O yamn SIS
. -4 Mo 625°C —
T 7Mn 0340 222 = —g

Q00 @

Charpy V-noich energy at —196°C (kgm)

°% I7Mn 06Mo_600°C__|
o 4 (o
@
1'OMn O2Mo 625°C

o\ 8 o 8

0 T
(o} ! [ 10 TIO’ 10* I}
1
10°C/hr 180°C/hr AC wC

Cooling rate from tempering temperature {(°C/min)

Fig. 9. Effect of cooling rate from the optimum
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notch energy at —196°C in 69 Ni steels
containing various content of manganese
and molybdenum.
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Table 2. Results of microfractographical observation on -fractured surface.

800°C (1 hr) AC
Tempered (1h) WQ | asAC | 200°C 400 500" 550 575 |- 600 625
6Ni 1°7 Mn - e o o S S e B ++ +-+
XMo 0-1 Mo + 4+ —
0-2 + 4 + -+ +4++ | e+ + -+ -
04 —~ — — -
0-7 + — _ —
6Ni XMn |0°8Mn - -
0'2Mo | 1-1 + T . _ _
1-7 ++ ++ 4+ | + + -
2-1 o+ + — -
35 |+ -
45 ++ 4+ ++ + —

— mno intergranular fracture was observed
+ trace of intergranular fracture was observed

+<++<+++<++++ percent of intergranular fracture appearance increases with the number of +.
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Fig. 10. Charpy V-notch energy at —196°C and
hardness vs. tempering temperature in
69, Ni-0-29,Mo steels containing various
content of manganese.
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Fig. 11. Charpy V-notch energy at —196°CG and
hardness vs. tempering temperature in
69%Ni-1-79,Mn steels containing various
content of tungsten.
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—~ 2774 FOREXFIC L VER LR Y Fig. 12
ZRT. Mo %&%r 69Ni-1-79% Mn §foHH Mo %
EERVBDIVEA—RF F A4 FERPEL, EHKE
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600°C (1'hr) WQ

800°C (1 hr) AC,
575°C (1 hr) WQ

S u &4’.‘, v:ﬁ.f

1'7% Mn-0°29% Mo
800°C (1 hr) AC,
600°C (1hr) WQ

Photo. 5. Effect of manganese and molybdenum on microstructure in 62Ni steel
air-cooled and tempered at the optimum temperature. Replica.
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Fig. 12. Effect of molybdenum on the amount of
retained austenite in 6%, Ni-1'79,Mn steel
air-cooled and tempered in various con-
ditions.
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FES BESBNIEMEE <, Fig. 4 53X Fig. 6
DOBED ELBEA KR LAABSEHELTYS. 20X
57 EE DB XA ECHHARETHNS &
SWITHIA — 257 + 4 bOEE(LICIFRTD 5 Al fEd:
bEZ NG,

3-4 6%Ni SAOYWECRIZFT Cr, Cu OEE

ZOHEITH Cr 35 XU Cu i BEiC 2T ik~
A.

6Ni-1'7 Mn—Ol'ZMO
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© As tempered

§ * Quenched to -196°C
(x24hr)
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10 // '\
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Fig. 12. Effect of subzero treatment on the amount
of retained austenite in 6% Ni-1-7% Mn-
0-2¢94,Mo steel.

0:8% o Cr ZifT 5 & MBI i 5 2580813
)k U7c v (Photo. 7, Fig. 14). Mo %4 % v 69%Ni
-1-79%Mn §fic Cr % 0'8% it 5 & BEd & LMk
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LMD THE DL, B ELEES»LIEL L
hEED & LIRED 600°C 2@ E 5 L CoBENLE
THIOC/KD. ZOWEOLFEWHA—2R7F4 b
DeNToH4 MU LB LD THEh5, Fig. 6 0l
BICHBELTE D EEES & LAICLRRB» 5 - 21k
Wit A — 27 34 b3 Cr ISR B EREEL LT
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0% Mo

029 Mo

800°C (1hr) AC, 600°C (1hr) WQ

Photo. 6. Transmission electron micrographs of 69,Ni-1-79,Mn and 69;Ni-1'72Mn-0'2%Mo
steels air-cooled and tempered at 600°C for 1 hr.

Tasy v

1°1%Mn 1°79%Mn
800°C (1l hr) AC, 600°C (1hr) WQ

Photo. 7. Microstructures of 6%,Ni-0-89,Cr-0-29,Mo
steels containing 1°19 or 1°79% manganese
air-cooled and tempered at 600°C for | hr.
Replica.

Cr OFIE 6%Ni SHOEMER LIS 3 RSIic kv e E 2
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wiz Cu Mo FEE T >\, 252 Bz B3 7-
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Ni §Bic 0°6%~2'0% o Cu %ifhn L7<$Ric 2\ T
iz, Cu oREEIE 1°2% T, 20L& Ik AV
D& UIREFEC h oo CE  H%(H% =T (Fig. 15).
BEd & UMEMERRF MR, £7-48 D Cu oifing s
B LS o Tt 4% (Photo. 8).
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Charpy V-noich energy at =196°C

Fig. 14. Charpy V-notch energy at —196°C and
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Fig. 15. Charpy V-notch energy at —196°C vs.
tempering temperature in 6%Ni-0-67%;
Mn-0-29,Mo-0-029,C steels containing
various content of copper.
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9%Ni fF7 SEM Ni §HE8%E0 LT Lk
AR TT 525, ZhIZT =54 hEROREIMEL
5T roftuc, MBsSHIIRSZEiLXb. LTI TEE
FLEETRNN, HE UM% ML T E 8k o m ksl
FHTEB.

6%Ni fijic Mn % 1'19% LLEFInT % & ARG
{bL 9%Ni fHofic it 5. L L Mn 28T
Bl BHEEDM EE—F TR & UIMEMRREML
B UM R e Lo < s (Table 2) 7z IR
EZFB. 002% DlEd Mo % ifnd 5z b E
U LIS h, BEED & LBERToOWERm L
T5.

Mo # &% 7y 6%Ni T Fig. 4 itR5h5 X5
i Mn @HEHETICONT SEKE D & LIBEIT &8
e m s, Mo 2T 5 & Fig. 10 »5bh» b X
SRR TS, ZhbOMEMIRKRD X S icd
HTHZEMATEXLS. Mo 2T 5 L EEHELEL
SR TVIR RSN A 42 2 X 78 < 72 B 4 HEPE T Hh B oD
Bt X oChABSNS. £/ Mn SHESHETE A
FREAIMET L, L7 D> THED & LA AEER A~
AT FA POEKTHEESKRTTS. TD7dic Mo
&% 62N S TIIREME S & LIRED Mn &FE0D

1-244Cu romon

800°C (1/2hr) AC, 800°C (1hr) WQ, 625°C (1l hr) WQ
Photo. 8. Microstructures of 69,Ni-6°69,Mn-0-29,Mo0-0-029,C steels containing various
content of copper water-quenched and tempered at 625°C for | hr. Replica.
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Fig. 16. Charpy V-ontch energy in ductile region vs.
hardness in 69 Ni-1'79%Mn steels containing
various content of molybdenum.
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