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Effects of Laves Phase on the Properties of Ti and Nb Stabilized
Low C, N-192Cr-22 Mo Stainless Steel Sheets

Tadashi SAWATANI, Shigeru MINAMINO, and Hirobumi MORIKAWA

Synopsis:

An investigation has been made of the effects of the annealing conditions and its cooling rates on the
Charpy impact value and the mechanical properties of Ti and Nb stabilized low C,N-19%,Cr-2% Mo
stainless steel sheet. The main results obtained in this paper are as follows:

(1) The precipitation of Laves phase has a great influence upon the mechanical properties of this steel
sheet. Its structure is determined as MgZn,(C14) type (Fe, Cr),(Mo, Nb, Ti) Laves phase using electron
and X-ray diffraction techniques and electron probe microanalysis. The lattice constants obtained are
2,=4.78 A, c,=7.84 A and cefag==1.64. The orientation relationship between Laves phase and matrix
is determined as (0001)pavos//(110)a, [1120]1aves//[111]4. The precipitation rate of Laves phase reaches
the maximum at 700°C and its dissolution occurs over 900°C.

(2) Laves phase is formed at grainboundary and then in matrix during cooling. Large Laves phase
at grainboundary shifts the ductilebrittle transition temperature to higher one. The large amount of
Laves phase degrades the room temperature ductility of cold rolled and annealed sheet and enhances its
strength very much. The degradation of these mechanical properties can be overcome by rapid cooling.

(3) When the effect of cold reduction on the mechanical properties of cold rolled and annealed sheet is
examined between 0 and 929%,, a peculiarly rapid precipitation of Laves phase is observed at 209, cold
reduction and its mechnical properties are severely degraded because of the rapid precipitation.

(4) The optimum properties of cold rolled and annealed sheet are obtained by the following condi-
tions: Hot rolled sheet is annealed at 950°C and cooled rapidly. Cold reduction is more than 809, in
order to improve r value. Cold rolled sheet is annealed at 920°C and cooled rapidly.
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Table 1. Chemical composition of low C, N-199,Cr-22,Mo stainless steel sheets (Wt%).

Materials Cc Si Mn P S Cr Mo Ti Nb N
LC,N—-19%Cr—2%Mo| 0.008 0.08 | 0.14 | 0.021 | 0.009}18.64 | 1.97 | 0.32 | 0.30 | 0.0079
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(‘ir (a) Cooling rate: 1.4X102°C/s (b) Cooling rate : 2,0°C/s (c) Cooling rate : 2.4x10-2°C/s
Photo. 1. Precipitates in sheets annealed at 950°C.

) Cr (f) Fe g) Nb t) Mo

Photo. 2. Characteristic X-ray images of precipitates in sheets annealed at 950°C.
(Cooling rate : 2.4x10-2°C/s)

(a) Bright field image (b) Electron diffraction image (¢) Interpretation

Photo. 3. Identification of precipitate in sheet annealed at 950°C (Cooling rate : 2.4x10-2°C/s).
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Table 2. X-ray and electron diffraction data.

Observed (&) Calculated (A)

Mt imction® | Tntensity | B o) LS| et
- - 4.14 414 | (00-1)
-~ - 3.65 3.66 | (01+1)
2442 m 2.43 239 | (11-0)
2.286 S 2.28 229 | (11-1)
2.195 Vs 218 2.21 | (01-3)
2.073 w - 2.07 | (02-0)
2.042 w - 2.04 | (11-2)
2.027 m 2.00 2.00 | (02-1)
1.953 w - | 196 |(00-4)

1) Residue extracted from as hot rolled sheet by electrolysis

2) Precipitates of sheets annealed at 950°C and furnace-cooled

3) Provisional unit cell : Hexagonal aq=4.78, ¢9=7.84,
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Observed

(c) Electron diffraction data

Photo. 4. Identification of precipitate in sheet annealed at 950°C (Cooling rate : 2.0°C/s).
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Fig. 6. Effect of cooling rate on the tensile pro-
perties of cold rolled and annealed sheets
(Cold reduction : 749, Annealing condi-
tion : 2 min at 920°C).
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(c) Electron diffraction data

Photo. 5. Identification of precipitate in sheet annealed at 700°C for Ih(Cooling rate : 1.4 102°C/s).
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the residue extracted by electrolysis of
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(Cold reduction : 749,, Annealing condi-
tion : 2min at 920°C).
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(a) Bright field image

(b) Electron diffraction image

(c) Interpretation

Photo. 7. Transmission electron micrographs, of cold rolled and annealed sheet, selected area
electron diffraction pattern from Laves phase and its interpretation,

(Cold reduction : 749,
2.3%10-2°C /s)
v 7 AL DOFHBR E LT, Photo. 7 X1
(0001) Laves// (110) q, [1120]1aves//[T111a - (2)
M s, Photo. 8 TCIIETFEOAEFHAN
[llﬁo]Lavess [Ill]a Ll oA H, BTREY OBA
Bz OF BT TRl &4FhicHan» bET
BRAS LTl LTh [1120]1aves [1111a % i
i e LcBIT@aBlhs o L4\, Liend>C, kAl
DFHRIBIF L1249 5° [EE LR
(0001) paves// (110) g, [1210]Laves//[00114 -+ (3)
DEEEM L BB, Tl b U—ABH»D, RBESLD D
iy {110} q, EEREH DB S & THE (001),
DTFEJEEM: AR, (2) DBEJ{RIY SpEICcH®), Forbes JONES
L West® 0 Fe,Nb TRHLTERD, (3)DBHRIZ
HORNBOGEN? 3 FDFEEXIEH LTS, F LT
FEizvFhd {110}, THBHEHE LTS, —JRE
Coks ¢ BoOrLAND® 3 (2) oBiRicst L [, 40
ww 30° [EIER L7cBER CHE & O A s b o7 BiR,
bbb
(1120) poynnff (T11) @5 [0001Tpe,npf/[21114 -+ (4)
¢, SR {11}, THDEHE LTS, FHUEFR
(2)F72(3) & (4) 3£ @O DTH » SLFH D
Coks BOZMN {11}, THHET—HILA b hig
75, Coks B HBRERD D L 5 ichi— DAY
BULOFEELRGEEZ S XD b EEIZERDOH LB
BB LE D ET5HHREL O bEh .
3.4 [EROHMECELITEE
BIENE E U DM E ek LIE TS IER O E Y
Fig. 9 1R, BEZROEINC O CHES LS L, &
PAMET 32 — 10 % b s 2y, 20% fmicfE R
BEADD, I TCIRBENEEC ERLTBAERL,
FERESEECET LCBR/NERT. COREYHEL
T B TIDI T OER Y T-O7.

Annealing condition : 2 min at 920°C, Cooling rate :

kY
%
©w

-0

o4

Grain size
number
(ASTM #4)

F value

(kg/m)
«
3]
N

36 e
34—t

(kg mi)

Yield strength Tensile strength

33

34

32

i So—

~o

28
26

Elongation (%)

0

0 10 20 30 40 S50 60 70 80 90 100
Cold reduction (%)

Fig. 9. Effect of cold reduction on the properties
of cold rolled and annealed sheets
(Annealing condition : 2 min at 920°C).

B RO LT E B LIETHEROFE S Fig.
10 w7, R 202 OWMHROHS 2l £ 5
Lo AT, FHWE GBI L 5. BIEE20%
DL AHONEE X OEFEHEA Photo. 8 WRd. K
RBEBIOTROBIEFO>TCEL O LT
n, Ml Fig. 11 wid X5 MBeRHOHER A
DAETARCIZEAERB L TN BZ Edbhs. ZD

— 7] —




1202 gL W

i 65 4 (1979) 8 =

IS
. L {6
S o8 i
'§ /Resulue
3 134 o
Y ] &
2 c
£O . o
s P—\ _1 -
% 04 ’\ )
g \ é
3 s 430
S oz
.‘g i Elongation
]
@ 428

0

0 20 40 60 80

Cold reduction (%)

Fig. 10. Effect of cold reduction on the elongation
and the residue extracted by electrolysis
of cold rolled and annealed sheets
(Annealed condition : 2 min at 920°C).
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(b) Electron microscopic structure
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Fig. 11. Precipitation of Laves phase. The alloy
was quenched at each temperature dur-
ing heating up
(Cold reduction : 20%).
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Cp=7.84

aQ) [aX)[(nK-9)
3.92 3.92 {(00-2)
2.87 2.85 | (01+2)
2.41 239 [ (11-°0)
2.22 2.211(01+3)
2.07 2.07 | (02-0)
1.97 1.96 | (00+4)

Calculatgi

(c) Electron diffraction data

Photo. 8. Optical and electron microscopic structures and identification of precipitate in 209
cold rolled and annealed sheets (Annealing condition : 2 min at 920°G).
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