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The Effect of Combined, Simultaneous Addition of MQ, Nb, Ti, N, B on

High Temperature Properties of 18Cr-12Ni Austenitic Heat Resisting Steel

Synopsis:

Yoshikuni KAWABE and Ryuichi NAKAGAWA

Individual and combined effects of additional elements Mo, Nb, Ti, N and B on creep rupture strength,
deformation resistance, aging hardness and microstructure of 0.2C-18Cr-12Ni austenitic heat resisting
steel were investigated, and the following results were obtained.

1) Creep rupture strength increased greatly by the additions of Mo, B and imncreased slightly by those of
Ti, Nb in that order. The effect of N was little at 700°C but increased at 750°C. Moreover, there were
two effective interactions on creep rupture strength under the simultaneous additions of Mo and B which
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suppressed the precipitation within the grains and at grain boundaries, and stabilized the structure, and
under those of Mo and N which accelerated the fine and uniform precipitation within the grain sand gave
good characteristics of age-hardening. Also, there was a useless interaction under the simultaneous ad-
ditions of B and N.

2) Deformation resistance at high temperature was increased greatly by the addition of Mo, B and
decreased slightly by Ti but was scarcely influenced by Nb. The addition of N increased the deformation

resistance at 900°C, but scarcely influenced it at over that temperature.

Especially,at 900°C under the

simultaneous addition of Mo and B, Mo and N, increased the deformation resistance, but that of B and N,

decreased it.

3) The hardness as solution—treated was increased by the addition of Mo, B, N, Nb in that order, but
was decreased by Ti. In the simultaneous addition of those elements, the effects of single additions appeared

cumulatively.

4) The characteristic of age-hardening was deteriorated by the addition of B, Nb, Ti but improved by N.
Moreover, the simultaneous addition of Nb and N suppressed the age-hardening through the prevention
of precipitation and that of Ti and N promoted the age-hardening through the acceleration of fine and uni-

form precipitation.

5) Finally, by the utilization .of the effective interaction of added elements upon creep rupture
strength, authors recommended two steels with the nominal compositions of 1) 0-2C-18Cr-12
Ni-3Mo-02B-0'2~06Ti and 2) 02C-18Cr-12Ni-3Mo-0-15N-0'02B-0'5~1'0Nb, which showed high

creep rupture strength,
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Table 1. Chemical composition of specimens. (%)

Mark C Si Mn Cr Ni Mo Nb Ti B N (sol.) N (insol.)
P. 1 0-22 0-69 1-48 17:46 1176 — — — — — —
P.2 022 0-67 1-39 17-71 11-99 2-96 — — — — —
P.3 0-22 0-69 1-40 17:62 12-00 —_ 0-43 — — — —
P. 4 0-23 0-68 145 1760 11-96 — — 0-32 — —_ —
P.5 0-23 0-71 1-42 17-51 11-94 | 2-97 0-42 — —_ —

P.6 022 0-69 1:40 1765 12-01 2-97 — 0-35 — —

P.7 0-22 0-70 1-41 17-72 11-85 — 0-46 0-29 — —

P. 8 0-22 070 1-43 17-67 11-93 | 3-08 0-48 0-32 — —

P.9 0-22 0:70 1-43 17-71 12:00 — — — 0-1896 0-0015
P.10 0-22 0-69 1-40 17-67 11:'92 | 302 — — — 0-1893 0-0048
P.11 0-22 0:69 1-43 17-64 11:91 — 0-51 — — 01458 0-0238
P.12 0-20 0:75 1-39 17-27.| 11:99 — — 0-26 — 01262 0-0632
P.13 0-24 0:70 1-44 17-62 11:92 3-10 0-48 — — 01420 0-0333
P.14 0-23 0:72 1-43 17-69 11:85 2:96 — 0-15 — 0°0948 0-0526
P.15 0-22 0:71 1-43 17-67 11:97 — 0-44 0-19 — 00594 0-0798
P.16 0-22 0-65 1-33 17-12 1201 2-86 0-46 0-20 —_ 00641 0-0582
P.17 0-24 0-71 146 17-65 12:02 — — — 0-15 —_ —_—
P.18 0-23 0-73 1-48 17-63 11-:92 | 3-09 — — 0-17 — —
P.19 0-23 0-73 1-46 1756 11-95 — 0-50 - —_ 0-16 — —
P.20 0-22 0-76 1-44 17-52 12-02 — — 0-31 0-17 — —
P.21 0-24 0-74 1'44 17-78 11-96 | 2-99 0-44 — 0-15 —_ —
P.22 0-23 0-72 1:46 17-72 11-98 [ 2-98 — 0-30 0-17 — —
P.23 0-24 0-71 147 17-65 11-93 — 0-52 0-34 0-17 — —
P.24 0-23 0-72 142 17-69 11-96 | 2-98 0-50 0-43 016 — —
P.25 0-24 0-72 145 17-64 11:99 — — — 0-18 0:0951 00597
P.27 0-25 0-72 145 1764 11-99 2:97 — — 0-15 0-1100 00607
P.27 0-23 0-71 147 1772 11-94 — 048 — 0-18 0-1103 0-0658
P.28 0-24 0-71 1:46 17-69 11-93 _— — 0-17 0-18 0-0809 0-0617
P.29 024 0-72 1°46 1759 11:95 3-00 0-44 — 0-15 0-1032 0:0731
P.30 024 0-71 1-47 17-89 11-93 3-00 — 0:25 0-15 0-0250 0-1052
P.31 0:25 0-72 1-46 1765 11:95 — 0-47 037 0-19 0-0245 0-1578
P.32 024 071 1-47 1764 11:99 2-99 0-44 031 017 0-0298 0-1229

— No addition.
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Fig. 2. Stress versus rupture time curves of specimens P. 9
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Fig. 3. Stress versus rupture time curves of specimens P. 17
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Fig. 5. Distribution curves of increment of 1000hr creep rupture strength at 700 and 750°C under
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Table 2. 1000hr creep rupture strength of the
steels shown in Table I at 700 and
750°C. (kg/ mm?)
Mark- | 700°C | 750°C | Mark | 700°C | 750°C
P.1 111 69 p-17 132 9-1
P.2 13-2 9-2 p-18 18-4 13-1
P.3 10-7 7-1 p-19 12-7 9-5
P. 4 129 8-5 p-20 14-2 9-7
P.5 14-4 10-4 p-21 18-5 11-3
P. 6 15-0 10-2 p-22 18-9 11-7
P.7 12-9 7°9 p-23 14-1 10-2
P.8 14-2 96 p-24 19-2 12-2
P.9 12-1 8-8 p-25 12-8 89
P.10 14-4 11-3 p-26 17-2 11-3
P.11 11-7 8-2 p.27 13-8 96
P.12 11-3 9-0 p-28 13-7 |
P.13 16°6 12-2 p.29 17-2 117
P.14 15-4 11-2 p-30 17-8 —
P.15 13:0 9-3 p-31 14-3 —
P.16 16-2 12-1 p-32 19:0 12:9
Table 3. Effect of interaction by sitmultaneously
added elements on 1000hr creep rupture
strength at 700 and 750°C. (kg/mm?)
Mo - B Mo+ N B.N
700°C 2-8 1-3 —0-4
750°C 0-2 0-6 —1-3
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Fig. 6. Effect of coexisting element on increment

in 1000hr-creep rupture strength under
Mo, B and N addition.
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Fig. 7. Increment in 1000hr-creep rupture strength at 700 and 750°C under
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‘Table'4. Effect of interaction by simultaneously
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Fig. 23. Effect of coexisting element on amount of

age hardening at various tempeératures
under N, Ti and Nb additon.

Effect of interaction by simultaneously

Table 5.
added elements on age-hardening at 600,
700 and 800°C. (V.H.N.)
Nb-N i Ti-N
600°C —21 22
700°C —18 ‘ 18
800°C —10 7
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zD5%H, N, Nb, Ti ozhRizFOECHRZAES
, N & Nb oItfFiamaht@{eik 25 IsiL, N &
Ti OkfFiask <{RET LMD L.
3.4 HEE
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Photo. 2. Agmg structures of specimen P.22 solution treated at

1150°C..

b) %4500 (6/7)
Photo. 3. Microstructure of base specimen p.1

a) %400

specimen was solution treated at
1150°C and then aged 2000hr at 700°C.
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RN
b SRR
a) P.9(N) b) P.Il (Nb, N) «¢) P.12 (Ti, N)
( ) additional element X400 (2/3)
Photo. 4. Effect of additional element upon microstructure of specimens containing N.

Specimens were solution treated at 1150°C and then aged 2000hr at 700°C.

i o e TR e

a) P.9 b) P.11 ¢) P.12 d) P.10 e) P.13 f) P.14 x3000 (2/3)
Photo. 5. Effect of additional element upon electron micresiructure of specimens containing N
Specimens were solution treated at 1150°C, and then aged 2000hr at 700°C.
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2) P.17 (B) b) P.19 (Nb, B) c) P.20 (Ti, ' ¢) P.21 (Mo,Nb,B)
( ) additional element X400 (2/3) .

Photo. 6. Effect of additional element upon microstructure of specimens containing B.
Specimrens were solution treated at 1150°C, and then aged 2000hr at 700°C.

SS— -

f) P.22 (Mo, Ti,B)

§
H
i H B 3

a) P.17 b).P.19 cv)_Pv.QO Mc‘i')' P.18 e) P.21 f) P22 x3000 (5}3)
Photo. 7. Effect of additional element upon electron microstructure of specimens containing B.
Specimens were solution treated at 1150°C, and then aged 2000hr at 700°C.
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a) P.25 (N,B)
( ) additional element X400 (2/3)

A- > PO 25 Pt
d) P.26 (Mo,N

e) P.29 (Mo,Nb,N,B)

,B) P.30 (Mo, Ti,N,B)

Photo. 8. Effect of additional element upon microstructure of specimens containing N and B,

Specimens were solution treated at 1150°C, and th

en aged 2000hr at 700°C.
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3 f —~
*31

. E e §
a) P.25 b) P.27

Specimens were solution treated at 1150°C, and
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c) P.28 d) P.26 e) P.29 f) P.30 x3000 (2/3)
Photo. 9. Effect of additional element upon electron microstructure of specimens containing N and

os]

then aged 2000hr at 70J°C.
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Fig. 25. Relation between as solution treated hardness and creep rupture strength.
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