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Effects of Phosphorus Addition on the Precipitation Behavior of
Carbides and the Age Hardening Properties in Austenitic Heat
Resisting Steels

Masaru YAMAMOTO, Mitsuyuki KOBAYASHI,

Ohmi M1YAGAWA, and Dai FujJisHIRO

Synopsis:

The effects of phosphorus addition on both the precipitation behavior of My;Cy carbides and the quench
sensitivity of the age hardening properties have been investigated in 21Cr—12Ni austenitic heat resisting steels
containing carbon up to 0+3%,.

It is found that in P containing steels the higher aged hardness is obtained and this is not affected by the
cooling rate after solution heating. According to the transmission electron microscopy, this quench rate
insensitivity of the aged hardness is revealed to be attributed to the fact that in these steels the matrix pre—
cipitation of carbides occurs and the dispersion of carbides is not affected by the cooling procedures unless
carbides are pre—formed during cooling. On the other hand, the pre—formed precipitates which have
been formed during both slower cooling from the solution temperature and heating up to aging temper—
atures affect appreciably the dispersion of carbides formed during the subsequent aging.

In directly aged specimens of P containing steels heterogeneous precipitation occur above a certain cri—
tical aging temperature. It is suggested that the existence of the critical temperature at which the pre—
cipitation mode of carbides changes from matrix- to heterogeneous—precipitation is based on the easilr
growth of precipitates associated with dislocations at higher temperature.

On the basis of the above results, the role of phosphorus in M,,G; carbide precipitation is discussed.

(Received June 11, 1973)
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Table 1. Chemical composition of steels (wt9).
. ! . i
Group ’ Steel E C voSi 1 Mn r P Ni ! Cr % N tseoxi]u;g;ture
c 1 011 | 045 | 044 ' 0-001 12-05 2067 | 0062 1200°C
c c 2 021 . 043 | 045 ; 0-001 12:05 2067  0-06 ”
'C 3 0-30 | 038 | 0-48 I 0-001 12:05 20-58 | 0-03 %
'Cc 5 050 | 030 | 047 0:001 | 12:05 20-85 ' 003 | 1250°C
P 1 | 0032 | 03 034 0-14 | 11-8¢ | 2016 — ; 1 200°C
p P 2 0-011 030 035| 027 . 11'84 | 20-08 [ ”
- P 3 0-009 | 030 | 035 | 040 | 119 | 2037 1 ”
P 4 0°009 ' 024 0-28 | 056 11:96 ' 19:77 | 7
CP 10l | 009 , 032 05 | 0.9 | 1231 | 2058 | %
CP 10 | CP 102 0-09 0-3¢ . 048 | 0.224 | 1242 | 21.19 — 4
CP 103 009 | 030 0-46 0.371 © 12:03 20.91 - v
! . .
ap 15  CP 15l 0-16 029 : 045 = 0-095 12:03 2077 - | P
-  CP 152 015 , 046 | 049 0222 11-99 2068 | %
cp20 'cp202 | 02 ! 047 | 048 | 0242 1213 | 2068 L— %
lcpsot | 033 030 | 038 | 014 1173 l 2016 | ’
CP 30 | CP 302 030 | 0-3¢ | 0-38 0-27 11-73 20-3¢ | — ”
. CP 303 0:31-  0-37 | 0-37 0-40 11-73 | 20-63 — ”
D C & POBEESHRMOEHRIC DX E it xhcn Table 2. Cooling rate in various cooling procedures
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2.

after solution heating at 1200°C for lhr.

. T Temperature
Cooling procedure| Cooling rate range
Water quenching |~1000 °C/sec | 1 200°C —R. T.

1100°C —700°C
1 100°C —-700°C

Air cooling
Furnace cooling

'~ 20 °C/sec
10 °C/ min

Specimen size(mm) : (14, 16)¢x 45!
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Photo. 1. Transmission electron micrographs of solution-heated specimens.
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Fig. 1. Effect of cooling procedure after solution
heating on the hardness of solution heated

C group steels.
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Fig. 2. Effect of cooling procedure after solution
heating on the hardness of solution heated
P group steels.
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Fig. 11. Effect of cooling procedure after solution

heating on the maximum hardness of CP
301, CP 303 and CP 152 steels during
aged at 600~850°C,
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Fig. 12. Effect of cooling procedure after solution heating on the maximum hardness of CP group

steels solution heated at 1 200°C for lhr and aged at 750°C.

I, I, I' and N indicate

the types of the cooling rate dependence of the aged hardness.
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a) Water quenching
b) Air cooling
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c) Electron diffraction pattern of b)

d) Furnace cooling

Photo. 4. Transmission electron micrographs-of CP 301 steel solution-heated
at 1200°C for lhr and aged at 750°C for 15hr.
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Fig. 13. Effect of carbon and phosphorus contents
on the precipitation mode of carbides in
21 Cr-12 Ni austenitic steel aged at 750°C.
1, I, I' and I indicate the types of the
cooling rate dependence of the aged
hardness during 750°C aging.
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. Time-temperature diagram showing the
aging tirc for the directly aged CP 30
group steels to have highe: hardness by
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Photo. 5. Transmission electron micrographs of
CP 152 steels solution-heated at 1 200°C
for l1hr and aged at 750°C fer 6hr.
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Photo. 6. Electron micrographs of CP 152 steel
solution-heated at 1200°C for lhr and
directly aged: a) at 700°C for 50hr, b)
at 650°C for 100hr (extraction replica).

3-3.1 EERSHIT oW

Fig. 11 TRXIN7X 52 Ck X O PIRINE D
B CP 152 §37; & Tiad s X OUmEAR oA
PRE, T XOTRHEE BT BTl EER
BEBHEINS. X 2 TETRShEE CEE O HEKE
&N T EERSIM I OV CRIL O T TSRS & rEShIRE
DORAKREZFAN. ofERo —flE LT CP 152 f§%

© 650°C & 700°C TEERZI L L ¥ D% Photo. 6

WA, 650°CEZhTINSITH—ITHTH 553, 700°C
REghic 7 3 AT IR R b+ » it BE T 5 REIBR
{bic CORMCER L TARE—LSHEixks. 20X
SWEERT S L, BBESE L K32 Tkik
W< b Y 2 2T BEEA_ ERE—THEA~ LB T
&, WHEEBOZE(LT 2R OBHEESFED bhi.
T Fig. 1513 0N L 7Y v X D
BONKHERABEL CH I PHRMECEHEZRT. C
*§N & CP 101, CP 151 $ACiirsshiBE% 600°C %-T

CP 10 group
800F o o o
750+ o o o o
700 o ¢} o —
650+ o o /
600} o o e °
- 1 I i 1 1
& CP 15 group
~ 800 |- o o
4
2 750 - o o)
e
a 700+ o Q
2 )
(4]
* 650} o ’/://,/
g
g 690 C 1 OI 1 .' i 1
CP 30 group
850+ o o o o
800 o
(30F o
700+ o . . .
650} o . . .
600 ¢ e e ®
0 0l 02 03 04
Phosphorus (%)
O Heterogeneous precipitation
e Matrix precipitation
Fig. 15. Effect of carbon and phosphorus contents

on the critical temperature at which the
precipitation mode of carbides changes
from matrix-to heterogeneous precipitation
in the directly aged specimens.
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Fig. 16. Schematic diagram showing the comparison

of the rate of precipitation on dislocations
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and on matrix, respectively. Fd indicates
the depletion of supersaturated solute con--
centration with growth of precipitates on

and on matrix.
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Photo. 7. Transmission electron micrographs of CP
103 and CP 303 steels, showing simultaneous
growth of the lath-like precipitates and
the matrix precipitates.
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Photo. 8. Transmission electron micrograghs of short time-aged structure.
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Fig. 17. Phase diagram of precipitates in 21 Cr-12

Ni austenitic steel containing various

amount of carbon and phosphorus solution
heated at 1200°C for lhr and aged at
750°C until the maximum hardness is
obtained.
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