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Effects of Carb‘on and Phosphorus Additions on the Creep Rupture
Properties of 21Cr-12Ni Austenitic Heat Resisting Steels

Masaru YAMAMOTO, Ohmi MIYAGAWA, Mitsuyuki KoBavasui, and Dai FujisHirRO

Synopsis:

The creep rupture properties of 21Cr-12Ni austenitic heat resisting steels containing various content
of carbon and phosphorus have been investigated on the basis of grain- and grain boundary-strengths.

The addition of phosphorus promotes the homogeneous precipitation of MzaGs carbides inside grains an
deceases the minimum creep rate. The strength of grains evaluated by the minimum creep rate depends
mainly upon the phosphorus content. On the contrary, the strength of grain boundaries evaluated by
the grain boundary configuration depends mainly upon the carbon content.

The rupture strength of steels having straight boundaries is improved with the increase in phosphorus
content owing to the increase in the strength of grains. The phosphorus addition above about 0.25%,
however, is not effective to improve the rupture strength because of the poor grain boundary strength
of these steels. On the other hand, in the steels having stronger zigzag boundaries, the higher the
phosphorus content, the higher the rupture strength. Moreover, the rupture strength of the latter is
always higher than that of the former regardless of phosphorus content.

It is ernphasued that the optimum content of carbon and phosphorus should be considered from a

point of view of the harmony of grain-and grain boundary-strengths.
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Table 1. Chemical composition, solution temperature and grain size of steels used.

Chemical composition (wt%) Solution .
Group | Steel 2 temperature JIS grain
C Si Mn P Ni Cr N (°C) size number

C10 0.11 0.45 0.44 0.001 12.05 20.67 0.062 1 200 1

C C20 0.21 0.43 0.45 0.001 12.05 20.67 0.06 4 1~2
C30 0.30 0.38 0.48 0.001 12.05 20.58 0.03 4 2

C50 0.50 0.30 0.47 0.001 12.05 20.85 0.03 1250 4~.5
CP101 | 0.09 0.32 0.51] 0.091 12.31 20.58 * 1200 2

Cpl10| CP102 | 0.09 0.34 0.48 0.224 12.42 21.19 * 4 1~2

CP103 | 0.09 0.30 0.46 0.371 12.03 20.91 * v 1~2

CP15| CP152 | 0.15 0.46 0.49 0.222 11.99 20.68 * v 1~2
CP20| CP202 | 0.20 0.47 0.48 0.242 12.13 20.68 * 4 2
CP301 | 0.33 0.30 0.38 0.14 11.73 20.16 * Y 92
CP30| CP302 | 0.30 0.34 0.38 0.27 11.73 20.34 * 4 2
CP303 | 0.31 0.37 0.37 0.40 11.73 20.63 % v 2

* not analyzed

a) C 30
b) ”
c) ”
d) €20
e) C 10
f) CP103
g) CP303
h) ”
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Photo. 1. Typical microstructures of C and CP group steels heat-treated by various processes.
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; Maximum hardness obtained by Aging time .
Steel agg;iﬁzzse d aging at 750°C (Hv : 20 kg) requiﬁ”edd to hPrec1p ltatlonhmode
. max. araness etero— omo-—
(Hv :20kg) | WQ AC FC FW FA | (h) geneous geneous
Cc10 143 146 148 138 150 — 300 O
C20 161 201 186 166 190 — 100 O
C30 183 217 204 196 195 — 100 O
C50 219 285 267 215 222 — | 30 O
H
CP101 130 147 140 133 135 — | e 300 O
CP102 139 245 247 215 — 237 “ 30 O
CP103 148 280 260 246 288 |*  — 30 O
CP152 148 317 | 313 | 257 — | 316 30 \ e
CP202 164 340 | 333 | 284 — | 335 15 i o
~ CP301 193 315 317 306 — 308 6 O
CP302 187 375 371 328 355 — 6 O
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_ 86 —

34



21Cr-12Ni + — 27+ 1 MO 7 ) — THHFE~0CH IO PHEmo B 393

Te%h. Zhid CEMEMOBEE, MG BRI R $
WCERfL e & O R B R —ie T s orextL, Gk
PEERIN I NS LM R SR A — 1 Hi
THIDTHBEMD., LiLzdkd el —iHofet
DIeDITEH % CEIEY L TRIEBLESRPEN S BT
N1, Table 2 DY HBEOHE R L X 51 CP
101 cixss—i Lixie B9, BgEtbtom L Roh
s, ¥z CP 2 — F BT 5EREE~DBHIED
BB, i CP 102, CP 152 X 5 ferh D P
BEOEA, KEEEHEBETCIHE IV, L LES
BEWCEL 702 EMTHEESE 701, AEIFITRA
WL, BB E LLETTS. PENILI
B 1% L AR T XGNP ONTAVE U, B
KRGS HERTE T 5.

Tl Crr—7, CP rr—7ouwFhicBu
T\ R A 15 5 W RREI X 0 K ¥ it Ze sy
U EDOBHEENLECHS. 22T 74 7R E L
FOCREHEE 2857200 2 BGHIEE L LT, g
BWHRNDOAGEE & LT, BRI RE—iET5
Crsn—7%& CP 101, IO CP 7 — 7 Ccrgduc
LB AN ofe s 5 CP 103, CP 302 35t CP 303
TIIKEG, FloFofio CP 7 — 7 cZedhici i
PINTHE L7e WS TitZeds & Lie. 2 b o R 4hiE &
1T Table 2 5 Bhohnd X 5 1CKE & M 28 O E
KEECFTME & 755 T 5.

32 CON=FDIY—THEEYE

Crn—78K8% Table 2 TR U-Bsahisig,
700°C, 13 kg/mm? THEMIRAER L7 & & OBk F L,
Fig. 1 w3 L5, KESHMRLEEM D X 5 Itk
BERROB R Y L oBEE 0.3%C TR/ MERZ RS,

10007 T | T
- Cgroup =W [
__ 500 700°C-13 kg/mm?2 ———— "~ —]
e i ._/ l
= i P - !
R . | .
&, ._.D;./'/ f
% 100 D:" A FC'
2 N /l /'/ C [
[ /"/ 1 . A —~ v
2 50 i E/‘/ —— : //_/(I) —
- £
E T /’7w\\:§;///@0
— " v fo) v
10 l

01 02 03 04 05
Carbon content (%)

Fig. 1. Effects of G content and cooling process

on the rupture life of G group steels
(700°C-13 kg/ mm?2).
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Fig. 4. Effects of P content and cooling process
on the rupture strength of CP group
steels.
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a) CP102 1200°Cx1h —»WQ + 750°Cx30h —AC

b) CP103 7 SAC + ”
c) CP302 7 S5WQ + 750°Cx 6h—AC
d) CP303 7 SAC + ”

Photo. 2. The morphology of precipitates in CP10 and CP30 group steels.
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Fig. 8. Changes in the average density and diameter
of M,3Cg carbides with P content.
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Fig. 9. Relationship between the average density
of M,,C¢ carbides and the hardness in-
crease due to aging at 750°C.
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