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Creep Properties of 16Cr-14Ni Stainless Steel Bearing

Carbon and Vanadium

Tomoyuki Ispm, Takayuki SmiNoDA, and Ryohei TANARA

Synopsis:

The creep rates were measured by the short period testing, during which the microstructural changes
were expected to be small, on 16 Cr—14 Ni stainless steels bearing carbon and vanadium with various heat
treatments, and the correlation between creep rate and microstructure was discussed. For the solution—
treated condition, the creep rate of steels increases with increasing contents of both carbon and vanadium.

The values of coefficient of stress dependence of minimum creep rate and the activation encrgies of the
creep are 5 to 9 and 100 to 200 kcal/mol, respectively. The increasing tendency of these values with al—
loying was observed. The effect of precipitated M,;Cq on the creep rate was observed, that is the precipita—
tion of a great deal of fine M,3Cg carbides leads to the lower creep rate and the coalescence of the thread—

like VC carbides leads to.the higher creep rate.

The creep strength of the steels with the precipitation of both thread-like VC and granular V,C carbides
is smaller than that of the solution treated steels. In the comparison of steels with the similar matrix com—
position, however, the strengthening effect of vanadium carbide is obviously observed.

1. #%

iR, BONTCEEINEERMOMBCH R IR
ETEEE LT Y — PR R LTfiilebh T
k0, REOELTED Y Y — PTHHIREICE JETR
BZOVWTIIE L ORI RESh TS, LrL, 7
Y — FEEWTEE B RO B S M D, 7Y —
FHEBTRRE D7 — Z 0 BIAX OE&TEDORILEE LS
245 C LIRS ER L.

w354 0T, 18Cr-10Ni ZX 5 LAD Y Y —
FHEBBEE S, Nb, Ti, V /x &0 s@R{bmElocEz
WMT 52t vhEEIND Z E2WmE L, FTHRIL
) L HERTSRE & OBBEMIE DWW T B L2V, Lh
SOLEC X Lo o VWi ah iz b
CF BT EBTERPDOR. TREEROL 570 Y —
FHRREDOHRTHEELI S L LD THSED, Th
LRIC L D7 Y — PR BRI ZE LE 2 D,

i

W 3 EE LC\wie Cr, Nb, Ti, Cix&DFTHED?
Y — FEEROE L i i o TR{E & LTHTHI L,
XL RFOBELIRE D20, ThLTNOTLRBPED
5T, WLICES LTWw B 00, TinbbEEIRRIT
BWTH, BT ORI VT, HDVIEERD
LFERE O AL RIC VT b ke omblEZ
BOTWVDHO»E ERRICTHNT 5 & LBRETHD
L ABERLTWS. L2 T, T bLDITLHRD
SRILARR 2 B &2 C T B 72dictd, fEA OTTRM5IR
EERIBIC H5E, VIR E LTHIELTY
LEEOWF OV THBEEBNE LA CHMATES DX
5 70 ERERAOFF T 2 Y — TRBRE TR S Z LN EL
BB ThHS. 650°C B35k 700°C D X S IniEE
ORI OV D 5 W ITERER REELS, Th b
B O WEETY V) — TEER kD b L L3 HEE R
T H 50, AP TIIERILIFEITED 5 5T,
AECE S X OEhEic X o T S BRI RILW %

* g 47 44 B ROIER 49 £ 4 ARSHEARSICTREE. WM 52 £5 A 6 A%H (Received May 6,

1977)

** PR JezmTez# T8 (The Faculty of Physical Sciences and Engineering, Meisei University,

337 Hodokudo Hino City 191)

#RE R TR AZTSY T8 (Faculty of Engineering, Tokyo Institue of Technology)

— 105 —



470 % &

% 64 4 (1978) %3 =

Hes s Vo aEm Uizl LT, M2 by ik
DI 2% 2 B s @O T Y ) — PR a2 T
BOTEWR Y Y~ FEEREIEL, V ORmE, &7,
ME, RICMGHR EORBC OV TR L, oMo
ERELOMBINR T 2 ST LK 5 LA 7.

2. EHHBLURRAE

MElOFEAMHKE LTI, 7254 MERTETH S
V B2 b0z, Ni gzl 7z 169Cr-149,Ni
fizE®AR. CEIX 0, 0.1, 0.2 35X % 0.32% o 4k
#, V B30, 0.5, 1.0, 2.0 35X0° 3.0% o5 jk#
ZEY, ThZnzilaE-463F 20 HELEEKFEC
BWHRL, & 10kg OMBEE L7z, 30BN $05 T,
1200°C -1 h EFLESEZ L, 700°C s Y ~F
BLOY Y — TR Lz, 2 Y — PRER A1,
Fig. 1 7 R®4 X 5w oi3T & o AR 50mm 0 3 o
2R, 7Y — PRGBS TERE R 6 mm, BT
HES 30mm ObozFniz. 7Y — PHOoflE
A YV —OFERFER M5 Ric k0. MBI

2 g M

| — 1
15 10 50 10, [ 15
100

Fig. 1. Shape and dimension of test piece
for creep testing.
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Table 1. Chemical composition and austenite grain size of steels used (wt %).

N Austenite
Steel C Si Mn Cr Ni \% grain size
Sol. N Insol. N | Total N number*
co 0.02 0.48 1.28 14,98 | 13.68 — 0.0228 0.0002 0.0230 4
Gl 0.09 0.26 1.10 15.16 | 13.62 — 0.0234 0.0002 0.0236 4
C2 0.19 0.22 1.07 15.11 13.50 — 0.0265 0.0001 0.0266 3
C3 0.32 0.21 1.03 15.02 | 13.62 — 0.0293 0.0002 0.0295 4~5
V1 0.01 0.50 1.28 15.64 | 14.20 | 0.54 0.0186 0.0002 0.0188 3
V2 0.01 0.46 1.24 15.56 { 13.97 { 0.92 0.0173 0.0004 0.0177 4
V3 0.01 0.50 1.18 15.55 | 13.97 1.55 0.0170 0.0016 0.0186 4
V4 0.01 0.50 1.15 15.33 | 13.79 | 2.05 0.0153 0.0050 0.0203 3~4
ClVl 0.11 0.62 1.36 15.84 | 14.09 | 0.68 0.0155 0.0002 0.0157 5
Clv2 0.11 0.63 1.38 15.67 14.09 1.03 0.0158 0.0001 0.0159. 4
Cclvs 0.11 0.64 1.38 15.33 | 13.85 1.90 0.0066 0.0097 0.0163 4
Clv4 0.11 0.65 1.36 15.05 | 13.74{ 2.84 0.0036 0.0146 0.0182 3
Cc2v1 0.21 0.64 1.58 16.19 | 13.97 | 0.55 0.0188 0.0001 0.0189 4
Cc2v2 0.18 0.59 1.56 16.09 | 13.85 | 0.95 0.0094 0.0117 0.0211 3~4
Cc2V3 0.20 0.61 1.50 15.94 | 13.62 1.75 0.0192 0.0001 0.0193 2~3
C2V4 0.22 0.62 1.46 15.52 | 13.62 | 2.86 0.0050 0.0173 0.0223 2
C3Vv1 0.25 0.49 1.38 14.94 ) 13.38} 0.57 0.0157 tr 0.0157 3~4
Cc3V2 0.24 0.49 1.36 15.03 13.38 1.09 0.0133 0.0022 0.0155 4
C3V3 0.25 0.51 1.36 14.85 | 13.27 1.59 0.0048 0.0120 0.0168 2
C3Vv4 0.24 0.51 1.30 14.64 | 13.03 | 2.68 0.0025 0.0136 0.0161 2

P :0.002~0.016, S :0.008~0.014
* Solution treatment : 1200°C-1h
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Fig. 2. Relationship between creep rate
and stress of CO to C3 steels
(tested at 700°C ).
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Fig. 3. Relationship between creep rate
and stress of V1 to V4 and
Cl1V1 to ClV4 steels (tested at
700°G).
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Fig. 5. Variation of the 0.1%/h creep strength
with vanadium and carbon content of
the 16 Cr-14Ni steel (tested at 700°C ).
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Fig. 6. Activation energy for creep of the 16Cr-
14Ni steels bearing various amount of
carbon and vanadium.
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Fig. 7. Relationship between stress and
creep rate of CO to C3 steels aged
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¢) C2(0.19%C)
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d) C3 (0.32%40C)

Photo. 1. Microstructures of carbon bearing steels aged for 100 h at 700°C and creep tested.
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. 10. Relationship between creep rupture
strength (700°C -1 000 h ) and vanadium
content of the steels with various amount
of carbon (tested at 700°C).
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Fig. 12. Change in austenite lattice parameter
of C1, C2 and C1V1 steels during aging
and its estimated value after full pre-
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