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Effect of the Initial Precipitate States on the Creep and

Creep Rupture Characteristics of 18-8 Ti Stainless Steel

Synopsis:

Teruo YUKITOSHI

The initial precipitate states in 18-8 Ti stainless steel with variable precipitate amount and shapes
are made by heat treatment and their effects on the creep and creep rupture characteristics are mainly
investigated. Hardness at room temperature and short time tensile test at high temperature are exa-
mined for comparision with creep strength. The microstructures from extracted replica and thin foil

are observed by electron microscopy.

The creep characteristics are good represented for soluble Ti content (or soluble C content) and it
is suggested that mutual action between soluble Ti and C is fairly great for creep strength. Moreover,
the creep characteristics are strongly influenced by the initial precipitate states and this is discussed
from the view points of mutual action between precipitates and dislocation. The needle type precipi-
tate, which is assumed to be CryC;, is found to have the relation with the great decrease of creep
strength and its mechanism is discussed. It is observed that the effect of the initial precipitate states
on the hardness and short time tensile properties are very little,
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Table 1. Chemical composition (%).

Steel } ¢ | s ‘ Mn ‘ P S Cr ' Ni l Ti N
A 005 0-38 | 150 | 0024 0004 16-92 12-16 0-58 0-010
B 0004 0-37 1-30 0003 0010 16-37 11-83 0-22 0-008
C 0-005 0-43 1-34 0-003 0010 1660 11°71 053 0-008
D 0-005 | 045 | 135 | 0003 0011 16°67 | 1142 067 0:010
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Table 2. Heat treatment of tested specimen.

Mark Heat treatment

1300°C x 1hr W.Q.
1300°C x 1hr W.Q.+750°Cx 2hr W.Q.
1300°C x 1hr W.Q.+800°C x 2hr W.Q.
1300°C x 1hr W.Q.+850°C X 20hr W.Q.
1300°C X 1hr W.Q.+900°Cx 10 min W.Q.
1300°C X 1hr W.Q.+950°C x 20hr W.Q.
1300°C x 1hr W.Q.+1000°C x 2hr W.Q).
1300°C % lhr W.Q.+1100°C X 2hr W.Q).
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Table 3. Chemical and X-ray analysis of the residue extracted from the heat treated steels.

Mark Chemical analysis X-ray. Shape of
Cr Fe N S Ti C C* ok analysis precipitate

A-} 0-009| 0-001f 0:007 | 0-005 | 0°075| 0-022 | 0-019 | 0°009 |TiC, (Ti.S) (TiN) —

A-2 0-016| 0-001f 0-007 | 0-005 | 0-092| 0-023 | 0-023{ 0°-013 TiC Thread

A-3 0-021| 0-001f 0007 | 0-004 | 0-160} 0-035| 0-040 [ 0-031 7 Thread

A-4 0-016| 0-001f 0°007 | 0-004 | 0-247 | 0-046 | 0.062 | 0-052 % Needle, thread

A-5 0-010| 0:001]f 0°007 | 0-005| 0-230 | 0-050 | 0.058 | 0-048 4 Thread

A-6 0-015| 0-001f 0°007 | 0-005 | 0235 | 0-040 | 0.059 | 0-049 v Thread, needle

A-7 0-008| 0-001] 0-007 | 0'005 | 0-228 | 0-045| 0.057 { 0-047 v Granular, thread

A-8 0-010; 0-001| 0-007 | 0°005 | 0+155| 0-°035| 0-039 | 0-029 ” Granular

Notes C* : Evaluated C content when all of the extracted Ti content is assumed
to precipitate as TiC
C** ; Evaluated C content when all of the extracted-S and extracted-N content forms Ti,S and

TiN respectively, and the retained Ti content is assumed to precipitate as TiC.
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1) 1300°Cx lhr W.Q.
3) 1300°Cx lhr W.Q.+800°C x 2hr W.Q.
4) 1300°Cx lhr W.Q.+850°C x 20hr W.Q.

7) 1300°Cx1hr W.Q.+1000°C x 2hr W.Q:

Photo.

1.

Example of electron microgra-
phs from the initial heat treat—
ed specimzn of the steel A.

e

% 20000 (6/7)

a) Thread precipitate b) Needle and thread precipitate
c) Granular and thread precipitate d) Granular precipitate

Photo. 2. Electron micrographs of typical precipitates in 18-8

Ti stainless steel.
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VEEEEh A ER I BRI < BB oD B AR Photo. 3. Electron micrograph and electron diffraction patterns of
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a) 18-8 Ti steel (steel A)
b) 18-8 Nb steel
c) Extra low carbon 18-8 Ti steel (steel C)
Photo. 4. Comparison of precipitate states after
1000hr aging at 850°C.
(Solution treatment : 1300°Cxx lhr W.Q.)
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Table 4. Results of creep rupture test (650°C, 14-0 kg / mm?2).

~—~—_ Characteristic 1
= value |Initial elongation|Min. creep rate | Creep rupture Elongation Reduction of

Heat .~ (%) (%/1000hr) | time (hr) (%) area (%)
treatment mark |

A-1 0-9390 0-19 1016-8 50 05

A-2 0-5220 0-104 1490-0 50 100

A-3 0-3250 0-11 1192-8 40 142

A-4 0-1330 20-0 1236 80 17-0

A-5 0-2240 05 9695 50 10-7

A-6 0-1850 13 213-0 60 16-9

A-7 01480 0-4 462-8 6-0 90

A-8 0-3670 04 748°0 60 110

B-1 4-3060 180 117-75 64:0 630

C-1 6-5310 180 109-0 640 77-8

D-1 4-1300 426 1675 150 22°0
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Fig. 1. Creep rupture curves under the condition
of 650°C and 14-0kg/mm?2.
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Fig. 2. Relation between initial elongation and
soluble Ti content.
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Fig. 3. Relation between min, creep rate and

Soluble Ti content (%)

soluble Ti content.
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Heat treatment : 1300°C X lhr W.Q.
Creep test condition : 650°C, 14-0Okg/mm?2
) (a) after 3hr creep test (b)) after 100hr creep test
- TTTT T . (c¢) after 10!6-8hr creep rupture test ?
] 1 ] .. .
loo'l 02 03 04 05 06 O7 Photo, 5. Transmission electron micrographs {from
Soluble Ti content (%) , the solution treated specimen during
11 1 - creep test.
C00! 0013 0039
_ Evdluated soluble C content (%)

Fig. 4. Relation between creep rupture time

and-soluble Ti content.
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Heat treatment {( a)(b):1300°Cx lhr W.Q+750°Cx2hr W.Q
(c)(d):1300°Cx 1hr W.Q+800°Cx2hr W.Q
Creep test condition : 650°C, 14-0Okg/mm?
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Heal treatment {

(a)(c) : after 3hr creep test (b)(d) : after 100hr creep test
Photo. 6. Transmission electron micrographs from the specimen with
thread precipitates during creep test.

(a)(b):1300°Cx lhr W.Q+1000°Cx Zhr W.Q
(e )(d) : 1300°Cx lhr W.Q+1100°Cx 2hr W.Q
Creep test condition : 650°C, 14-0Okg/mm?

(a)(c) : after 3hr creep test  (b)(d) : after 100hr creep test

Photo. 7. Transmission electron micrographs from the specimen with
granular precipitates during creep test.
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Heat treatment : 1300°Cx lhr W.Q+850°C x20hr W.Q
Creep test condition : 650°C, 14-0kg/mm?

(a) after 3hr creep test (b) after 100hr creep test
(c) after 123-6hr cree rupture test

Photo. 8. Transmission electron micrographs from
the specimen with fneedle -and thread
precipitates during creep test.
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LHDOEEWHERIZE DS Y — FITH L This D Ok
LD THWBTHHS LEFEEND. —F, SHAHTH
MAEET 584 % Photo. 8 125R155, © DIEAIZEM
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BRIV ERITE D~ DB OS5 HOER/T LAY

Heft treatment : 1300°C < lhr W.
Cree test conditiou ;: 650°C, 14-0kg/mm?

"Photo. 9. Example of transmission electron mic-

rographs from the extra low carbon
specimen C after creep rupture test.
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Fig. 5. Relation between hardness at room tempe-
rature and soluble Ti content.
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Fig. 6. Relation between mechanical properties at
650°C and soluble Ti content.

Table 5. Effect of the initial precipitate state on the properties of 18-8 Ti steel.

Property change [*Effect of precipi-

Test condition Test method Characteristic with increasing tate state on the
properties - ‘ .
! soluble Ti content | properties
i
Room temperature Hardness test Hardness Decrease —
properties
Short time Tensile strength Increase —
High stress tensile test Yield strength Decrease —
. 650°C Elongation Decrease —
High ( ) g
temperature Initial strain Increase
roperties 1 -
prop L Creep and Min. creep rate Decrease | +
ow stress creep rupture |- - I ;
test (650°C) reep rupture time ncrease +
Rupture elongation Decrease | —

Notes : + mears that the effect of initial precipitate states (precipitate morphology) on the

properties is clearly recognized.

— rmeans that its effect is not recognized.
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