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Effect of Manganese on Low Temperature Toughness of
Carbon-free 11Ni-1Mo Steels

Kotobu NAGAL, Koji SHIBATA, and Toshio Fujrra

Synopsis :

Effects of manganese on low temperature mechanical properties have been studied in carbon-free 11Ni-
1Mo—Mn steels. Charpy impact tests were performed at temperatures between 0° and about —255°C.
A manganese free steel revealed intergranular failure in the as-quenched condition, and the sulfur seg—
regation to austenite grain boundaries may be responsible for this embrittlement. This phenomena could
be easily eliminated by the addition of only 0.5 pct manganese. However, as the manganese content in—
creased more intergranular embrittlement during reheating prevailed. The grain boundary segrega—
tion of nickel and manganese might be closely concerned with the mechanism of the embrittlement.

The fine-grained 0.5 pct manganese steel showed the most excellent low temperature toughness and
revealed no brittle feature in Charpy tests at about —255°C when it was reheated at temperatures bet—
ween 550° and 650°C.
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Table 1. Chemical compositions of steels studied in the present work in wt2.

C P S Mn Ni Mo Al N O
0 Mn 0.007 0.603 0.005 0.01 10.99 1.00 0.012 0.0015 0.0036
0.5 Mn 0.007 0.003 0.005 0.49 10-99 1.01 0.013 0.0015 0.0050
1 Mn 0.006 0.003 0.005 1.01 11.06 1.01 0.007 0.0021 0.0049
2 Mn 0.007 0.003 0.005 1.97 10.99 1.00 0.002 0.0021 0.0084
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Fig. 1. Temperature increasing curve of charpy
test piece after taking out of liquid helium.
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Fig. 2. Effect of manganese on tensile strength at
—196°C in reheating between 430° and 725°C.
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Fig. 3. Effect of manganese on yield strength at

—196°C in reheating between 450° and 725°C.
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Fig. 5. Effect of manganese on absorbed energy at
(a) —196°C and (b) about —255°C in reheating
between 450° and 750°C.

kg-m OF RPN = R A FLRRT. 675°C L) LTIt
ET358, To BEXISWMEFRD DXV, I bic
Mn %iii 3% &L BFRBRIN= 4 ¥ %5 % 5 EMEE
Bz, 1% Mn #8T 550°~650°C, 2% Mn ¢
625°~650°C < /e b, MDYy A - = ¥
DixKfED 0.5% Mn §HicH, Mn 85 & & g
T, Fhl~2% Mn T3, ERMUOEINEE
ETlbLicd iz Lkg-m ITFOERS TEVVBIY =
NFEFERRLTED, 0% Mn #0846 L H~TH—48
AEME L 7e 5.

—196°C CRIFHC BMIN=F A F% FT5HDID0-
T, —255°C D>+ A E— BT = 2 A F %3RPT
Fig. 5(b) wx DR %R L. Fig. 5(a) LHixt+3
&, 074 Mn g8t 10kg-m LU EDWBIN = R A+ D&
THZbh, Skg-m LIFo L2 B ohicw. 0.5%
Mn i 35\ T, 475°~550°C i 10 kg-m L _F o
= 2 A FOETHRDBRSB. Lo L, 575°~650°C
HTRETAL7 15kg-m LS LD BN = 3 A F 5§

_ 92 _



WM& RS INi-IMo Mo EREMICRIET Mn o

2165

30
£

2

2201~

>

5

[T

| =

w

B

[

210

@

-t ~[0Mn}650°C

~ |- _

ol |
-273 -20 -100 0]

Testing Temperature(°C )
Fig. 6. Charpy absorbed energy transition of 11
Ni-1Mo-Mn steels reheated at temperatures where
each steel showed the best toughness.
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Table 2. Prior-austenite grain size of each steel
in gm.

as H. R. [ 900°C (1 h)+780°C (1 h)
0 Mn 31 4
0.5Mn 30 5
1 Mn 22 5
2 Mn 77 5

Table 3. Transformation temperatures of each
steel which were measured with dilatometer.

+10°C/min heating | furpace cooled
As Af - - Ms- -
0 Mn 596 702 42]
0.5 Mn 592 700 402
1 Mn 586 690 381
2 Mn 576 680 341

Table 4. Identification of microstructures intro-
duced by reversed transformation in each steel
with electron microscope :
Upper : microstructures introduced by reverted transformation
were observed (Yes) or not observed (No) under TEM.
lower: volume percent of retained austenite estimated by X-

rays method (— : not detected, tr. : trace)
525°C | 550°C | 575°C | 600°C | 625"C
omn | No | Mo Mo | we | e
0.5Mn | N No | Yes | Yes | Yes
va| Mo | Noo | Yes [[ves [ Yes
NEEREE

900°C 260 A (Ms SAHE0 BEEE LR L+ 4

°C/min) TH%.ZhicX b L As, Af Juix, Mn
X by 10°C/wt% (Mn) DEIETET L TCEbh,Ms 5
L) 40°C/wtZ5 (Mn) DEETETLTV3.2hbD
SRR I\ TiL, BZRADLRD A As B X D EGIRE
CERFEE LT MTRENETT T 50 O T, EHINEM
I HHERROBFEITOWTIE, EHIBBRHASSZE -
XBUEEC I OTHANL. BFREOWT LT BN
5.

Table 4 &, BHRABEPEC LB BEE A+ —AF 51+
(rr B X O HFICERE Li: fresha') OAFEDKIE &,
XBIBBEAA—AFF4 + (rr) OB - EEOHE
BEELDTUTRT. B, —196°Cy 7 E¥efniEEs
TR LD, rr mEE, BRMEIEEAEED .
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Photo. 1. Transmission electron micrographs of the 2 pct Mn steels reheated at 1) 525°C,

2) 550°C, 3) 600°C and 4) 625°C.
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1) Opct Mn steel reheated at 525°C
2) 0.5pct Mn steel reheated at 450°C

3) 1 pct Mn steel rcheated at 475°C
4) 2pct Mn steel rehecated at 525°C

Photo. 2. Scanning electron micrographs of brittle facet of each steel fractured at —196°C in Charpy tests

steel reheated at 1) 630°C and 2) 675°C, and 0.5 pct steel reheated at 3) 550°C and 4) 575°C
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Fig. 7. Tensile properties at —196°C and relative
peak height ratios of sulfur and phosphorus at
grain boundaries in the manganese free steels in-
termediate-quenched from various temperatures
on cooling from 1000°C in the rate of 1°C/min.
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Fig. 9. Variations of relative peak height ratios of
some elements at grain boundaries with reheating
time at 450°C.
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Photo. 4. Transmission electron micrograph of the
2 pct Mn steel reheated for 100 h at 450°C.
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Fig. 10. Interrelation between relative peak height
ratio of nickel at grain boundaries and percentage
of intergranular fracture.
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