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Effect of Substitutional Solid Solution Elements (W, Mo, Al, Mn and
Cu) on uthe High‘Temperature Strength of 17Cr-14Ni Austenitic Steel

Takashi MATSUO, Takayuki SHINODA, and Ryohkei TANAKA

Synopsis:

The effect of single addition of such solid solution elements as W, Mo, Al, Mn and Cu on the creep and
creep rupture properties of carbon free 17Cr-14Ni steel were studied at 700°C.

The steady state creep rate, é;, was analyzed in terms of three factors, stacking fault energy,y, elastic modu-
lus,E, and diffusion constant,D, using a Sherby-Barrett equation : é;=Aym(c/E)»D, where A and ¢ are a
constant and the applied stress, respectively, and m and 7 are fixed to 1 and 7,respectively, for application

to the austenitic steels.

Since it was found that the effect of solute elements on the steady state creep rate of 17Cr-14Ni steels can
not be analyzed only by the above three factors, the size effect of solute atoms was proposed as a fourth and

important factor.

As a certification of this assumption, the linear relation between the lattice distortion induced by solute
elements and logarithmic steady state creep rate was found experimentally.

It was concluded from these results that the size effect of solute atoms is the most important strengthening
factor controlling the steady state creep rate of austenitic heat resisting steels.
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Table !. Chemical composition and heat treatment of steels studied. (wt2s)

Solute
Steel Slo lute C Si | Mn Cr Ni content Heat treatment
element
wt9% | at%,
17-14 — 0.008 | 0.34 | 1.26 | 17.68| 14.80] — — 1150°C x1h +1100°C x0.5h->w.Q.
Wl 0.008 | 0.26 | 1.36 | 16.99 14.03] 1.59 | 0.48 1150°C x1h
w2 w 0.009 1 0.37 | 1.50 | 13.85| 13.97| 2.67 | 0.81 1200°C x1h} + 1100°C x0.5h -W.Q.
W3 0.008 | 0.39 | 1.44 | 17.28 14.00 8.84 | 2.70 | 1300°C x1h
MOl 0.008 [ 0.44 | 1.45 | 16.11| 13.84/ 0.86 | 0.50 | 1100°C x1 h-w.Q.
MO2 Mo 0.009 [ 0.43 | 1.42 | 16.93| 13.95| 1.66 | 0.97 | 1200°C x1h o
MO3 0.008 | 0.36 | 1.42 | 16.61| 13.65 4.94 | 2.90 1300°C1x].h} +1100°C x1h->w.Q.
ALl Al 0.005 | 0.65 | 1.63 | 18.03| 14.13( 0.44 | 0.95 | 1100°C x1 h-w.Q.
AL2 0.006 | 0.53 | 1.47 | 18.03| 14.23 1.?9 3.67 | 1150°C x1h +1100°C X0.5h -W.Q.
MNI1 0.009 | 0°31 | 2.72{ 17.1 | 13.79] 1.32% 1.34*
MN2 Mn 0.009 | 0.46 | 5.84 | 17.1 | 13.76] 4.44*% 4.51%L 1200°C x1h + 1100°C X0.5h-w.Q.
MN3 0.009 1 0.39 {12.02 | 17.3 | 13.82/10.62*10.80%
CU1l 0.008 | 0.41 | 1.38 | 16.9 | 15.61] 0.56 | 0.49
CU2 Cu 0.008 |1 0.3511.39|17.0| 13.97, 1.06 | 0.93 1100°C x1h ->W.Q.
CU3 0.007 | 0.38 | 1.46 | 17.0 | 14.06/ 1.47 | 1.28

P :0.002~0.004 wt5, S:0.006~0.011 wts

* : Solute content of Mn is estimated from a difference between actual Mn content and 1.40 wtg6 which is contained in the

other series of the steels.
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Photo. 1. Microstructures of 17Cr-14Ni austenitic steels after solution treatment.
(Electroytically etched with concentrated nitric acid.)
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Table 2. The stress exponent (n) of steels tested.

Solute Solute content | Stress exponent
Steel element at% " n
17-14 — — é 7.3
wl 0.48 i 7.3
w2 W 0.81 7.3
W3 2.70 7.8
MQO1 0.50 7.5
MO2 Mo 0.97 7.5
MO3 2.90 7.8
ALL Al 0.95 7.2
AL2 3.67 7.2
MNI1 2.76 7.5
MN2 Mn 5.94 7.8
MN3 12.22 8.5
CUl 0.49 7.0
cu2 Cu 0.93 6.8
CuUs3 1.28 8.5
10% T T T T
o17-14 vAl
oW aMn
103 ~
£ oMo «Cu
£107 .
Sof i
o
S , = -—
16" -
521 1 I 1 ]
wro‘ i 10 102 10° 104

118 { hr )

Fig. 5. Relation between the creep rupture time
and the reciprocal steady state creep rate
at 700°C.
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Table 3. Variation in stacking fault energy [ 7] per at?% solute and its effect on the

steady state creep rate of 17-14 steel.

&) N () _ 20 )
Solute Stacking 4y relative to base steel | Ratio of creep rate &f&o*
element fault energy expected from the vari- | (700°C, ¢=14kg/mm?)
r (erg/cm?) o ation in 7.
Present work | DULIEU et al A=[7/74]

— 10 — — 1 1
w 12.5 +2.5 — 1.25 0.23
Mo 11.9 +1.9 +0.1 1.19 0.30
Al 11.7 +1.7 — 1.17 0.50
Mn 9.1 —-0.9 —1.1 0.91 0.50
Cu 11.3 +1.3 +3.6 1.13 0.66

vo : Stacking fault energy of 17-14 base steel-10erg/cm?2 910

* : Ratio of the steady state crecp rate of a steel containing 1 at% solute to that of the steel with base composition

(700°C, o=14kg/mm?)

Table 4. Estimated variation in elastic modulus [E] per at9, solute at 700°C, and its
effect on the steady state creep rate of 17-14 steel.

(i) (ii) (i) (iv)
Solute Elastic modulus Ratio of steady state creep rate & &o*
element at 700°C (kg/mm?2) expected from the change in E (700°C, ¢=14kg/mm?)
B=(E/E)"

— 1.46 x 10¢ 18)19) 1 l .
w 1.47 x 104 20) 0.95 0.23
Mo 1.47 x 104 18)21)22) 0.95 0.30
Al — — 0.50
Mn 1.47 x 104 23) 0.95 0.50
Cu 1.46x 104 23) l 0.66

Ey : Elastic modulus of 18Cr-8Ni steel at 700°C.

* : Ratio of the steady state creep rate of a steel containing per at% solute to that of the steel with base composition

(700°C, o=14kg/mm?)
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Ry ExmEE TR0, ZThoDITEDEED /70
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7 B IRE T A OLELRITRAS %ic T Ehv. hx
FED VI RTER 2 ) — FEEOERIC X HEE
HELTHIZEAERGET, & ICWRU Mo O
FECIIHEEE & EREC K E L ZRZNED LR S, L
PO, BRI DV T b EETES ChOZLE B
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WEB.
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Table 5. Estimated variation in diffusion constant [Dy] per at% solute at 700°C, and
its effect on the steady state creep rate of 17-14 steel,

(i) (i) i(m) H(iv) (v) (vi)
Solute Diffusion const. | Ratio of the steady state |‘ Eféo* Eq. used for Ref. used to
element | creep rate expected from the calculation calculate Dy
at700°C, Dy (cm?/sec) | change in Dy. C=[Dy/D,]! ‘
— 8.65x10-1 | 1 o1 — 23) 24)
w | 7.0x10-16 ! 0.82 P 0.23 | (4) 31)
Mo 8.8x10-16 1.03 . 0.30 (3) 32)
Al 9.9 10-16 , 1.16 ' 0.50 (3) - 33)
Mn 8.5%10-16 | 0.99 1 0.50 (4) : 34)
Cu | 9.2x10-1s ! 1.07 i 0.66 (3) 3 33)

Dy : Diffusion constant of 17-14 steel.

¥ : Ratio of the steady state creep rate of a steel containing per at3s solute to that of the steel with base composition

(700°C, o=14kg/mm?).
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=
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DRMMIEHGEEEZ Wbz & L, ZhHDERZH
T 700°C kit 5% 17-14 FOEFIEERBEEH L,
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Ni ZESTOELEPD DT IEELERIET 322V —-708R
HU OELEx % v ¥ — £ % 2 THEOACHEOBEELx v ¥ —%
{LEDORDLERNOBEE LTS, ZOKEM 5, BETEOLE
HEL Ni-Cu Jo¥ Ni-Cr & TR(4)RXH0, —F, EETED
HEDF Ni-W 4ETR(3)ANOFEAINI LWOTLEFA
Bh33.

EHFETR, TAEFNOFEEL: A 0F—OBRFRTGEOTORN
%, BEHETHED Dy OB UTER Y ) — FTHERLRIZTHRS
BMGHET AL 2D X >, r-Fe iCH~ACHEEEMKEN
BELRKIIHE UTR(4)RE, MIVTERE(3)X2H3C L
Uiz

FDE, RUOEBETEIEIIEEGREOE LR LT
TeHTER 7 ) — TEREOLE (Lo HEEE (i ff]) R
HETRYT. ZoER,L WO 17-14 8o D% b
DEDBLIELY, T THLXORERY 20% ¥
Y, b 4THET Dy ZIFEAEELI &LV, Tr

LA Dy ZBmE€5. ZhODEEER Y ) — FEiE
ZILDFERE (i) &ORITIERIT ) REIRZERMNE
HoND. O EMLEIETRIPIEEREZ B L TE
W) - TEECRETEEI T VENZS.

DAk, BETTENr, ERUCDZBLTEEZ V-7
EEIEZDEE >V TRET L. LarL, (2)Ric
Xné, TRL3OOHERBTWKHEOETER IV —~7
BECESETHLEZLNE D, £0E | at% L
FRIEFOELERMUCER 7 ) — FEERE 2 5504
(FUBRIR = 30 ¥ —, SRR LR O E OB R U
TOBREENLTNA, BRUCETS) OFFAXBX
C#% Table 6 DiffficTT. zOEMB L LIDHAEW
a3, BETELERSEfF#HBELTHos Y~
HEAHEMI TS &8I, 1 KO/ VESEs ) —
THRENRBOTH LB, TS. ETWE Mo DL
@ 1 Xoha<e>Tv3s, EHIEGH &L 5N
NIEZDBLDOESIIEHDHT/HEL, Fi, Mo, Al
B Cu o 3 nEITEAESR ST L0 L, FHEE
Table 6. Comparison between the variation in steady

state creep rate calculated from equation
(2) and that observed in present work.

(1) Variation in steady state creep rate per
"~ Solute at% solute
element (ii) Calculated '(iii) Observed
' [AXxBXC] | [&/&]
— z 1 1
w. 0.97 0.23
Mo | 1.16 0.30
Al ) 1.36 0.50
Mn 0.86 0.50
Cu 1.20 0.66

— 88 —



it

17Cr-14Ni O HIREE I R E T EHRBRBILE (W, Mo, AL, Mn F ¢t Cu) o 987

Table 7. Atomic radius, misfit, interaction parameter and lattice distortion per at%;

of solute elements added.

Solute element Atomic radius’® Misfit3s) Interaction3s Lattice distortion
ot e (A) e* parameter per at% (%)
w 1.408 0.11 + 0.14
Mo 1.400 0.10 + 0.13
Al 1.432 0.13 — 0.10
Mn 1.304 0.03 + 0.05
Cu | 1.278 0.01 -+ 0.04
* e= | r—rg| /7o, r:atomic raciius of soﬁte elem;nt T -

7o : mean atomic radius of elements constructing austenite matrix with base composition. Fe: 1.274A, Cr: 1.282A,

Ni : 1.246A).

i HEmE R LTE D, WL EAEE S AEL
7L,

L EoiEHER» S, 17Cr-14Ni iz B3V CTAEPIED
AR T, EEVEICE 1 at% OIS ERB XML v
¥Fo—, MR RO EH RO LB LUTER 2
) — FHEEC S BB F LIRS, E
Al X 5EE®RICII O SERFTRe<{HHTEL VT
LT B,

3-4-4 FEBRFOKRESBHE

AW & BB TTEORTHE®, BEF-EEF (mis-
fit) O XX y-Fe L DOFEIERI/$F » — #%0% Table 7
AT, K2 b, BEAERT5&TCEOME X
LEFAE ro Wit LT Mn RO Cu OJEF2RZITE
%kEL, —F, W, Mo ERUf Al i3 10% BEKXKZ
WZ EAbrb, LS oTInNbDOTLEXTRMTS &
17-14 A0 A4 ~ 27 F 4 MEFERIIEMT 5 2 238
HEINDEDT, ZOHTEROEMPEEBTREROES
7Y —THEECRETHHREEELEEL S ONEIE
Bt 5.

3.600

)

(A

Lattice parameter of austenite

IS BT
o 1 2 3 4 5 6

Solute content  ( at% )

Fig. 6. Effect of solid solution elements on lattice
parameter of austenite in 17-14 steels,

Y, ENFCOZEBELA 274 MEFER
DR E kD Fig. 6 TRd. ZOE»LWTFHhOT
FELEEESE T LR ERIEML, ToEmoES
W EU Mo BRiEMBETELLAREL, 21T,
Al, Mn, Cu DOJEICHENMDOEESREKT S Z E05b0r 5.
¥, HILHE 1 aty HhOA—2FF 4 MEFER
OS2 HH L THEFRE L L Table 7 P TmL
fo. ZZCHEFERERREREKD 17-14 fHOF —2 57
>4 METFER (a) & LY, FRUFELZTMLAE
WOF -7 F4 MEFER (a) O a WHTDHEIL
RLELT, KATEXB.

HBFEE (%)= (la—ay|/a) X100 -vereeeeee (5)

L, ZTTED EFABTFERIBCHEIRCE

= 700°C,6=14kg/mm?

(hr!)

L
o
“ 162
a
2
] 5
[
o
o 3
>
O
o
bt
w
53
‘0; dCu
1
5_
) SN N (N T Y N Y N
[¢] 01 0.2 03 04 05

Lattice distortion (%)

Fig. 7. Relation between the steady state creep rate
(700°C, ¢=14 kg/ mm?) and the lattice
distortion of austenite matrix in the 17-14
steels.
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FLEERROETFTERFEEIREL LTHATS
DHTHY, HFE] voborabcEERS5+5
LEEFERTHIDTHEE V.

ST, Table 71z 5WTEBEBTEEL D, BFEERD
{ERFRIZR LA misht FXL<HHELTWSED, HE
YER/¢ T # — 2 BEDTLEITRFEBRO L misfit X )
I KREL{EERRL, —F, AOTEINELELY
RTZENbh5.

2B S E (5)REAVTRIERE KD, 700°C
J& 14 kg/ mm2 TOER 7 Y — FEE & O {&% Fig.
TR T. RPoEBIIB/NSE X B b DT
5. ZOME»L, v 5 BOEIBTEN misht 53
0.03~0.13 DEVEICHE 2T W52, BFBEXRT
BHTLEER Y ) — THEENZIE-AOEYE CERT
&, ZhOORFRCIVTHBFEERN A LBRILEF
THBDZLEETRELTVWS. LrLAl IZZOEBOSH
T EACMET S chix, Al OBES, BRFEED
EHIE, AR Lic X 5 kBB R CRIB KRB~ 2 v ¥
— 2B UL TOELPBDOTLRICHENTAEL, EHTE
MWD LHEIN, Lo 4 TEORSIE -
5 3HFZECTOYRBEFEED LRI HRTHE
HTCEBDEENIVZLEEZERRLTWA E VR 5.

ZTT, EH 2V - THEECHT 5B FEROHER
EEZECHRT D, 7, ERVCDDOIRFOFES
SHETS. Thbb, EEBETECOVWT | at% 1
TOEHR 2 )V — THEEDER, BILEIL OV TkDI-4,
BEUCOft AXBxXC (Table 6 iiff) <y,
E RO D OFLEZHMLIER Y ) — PTEEN E LN
5. ZOFREETLE 1 at% TmMOBEOHRTERIC
HNLTHRETSHE Fig. 8 k5%, zhzFig 7
EHELTHOAR X S5, Al dfhn4TELF—E
BEZIZELAEE>TLEY, WFhi Fig. 7 OEK
CEEFFLVWAROEBRTILBRHETES.

PlLEDX 5ic Mo, W, Al,Mn EK¢® Cu 3EF~Fk
RAFIcKREREREDH B L2 ET, HEXMRT *
V¥ —y, B E ROCHCIERE DD 3 2Dkl
RAFZ2 ST 5 LEFBERCH LTCER 7 ) — FFEIR
FIE I ROBEBCILBHEHTES. LihaT, &PE
THwWw/z Mo, W,ALMn E® Cu OZRBBTECLL S
EWHI ) —TEEORSIIH LT r, ERCDLANDE
{ERFE L TR BDEBRFORE IHRBEEH,ID
FELEERREL T Vh L EREBS D, i,
Mo, W,Mn EUt Cu 04 tEDBEEEr, ERUD%
BLTOYRIIFBFTRORE SHRICHSCEMECE
5 EPEV. AlDBEE v, E, DEBUTOHE

700°C, o=t4kg/mm?2

Steady state creep rate (hr!)

N
01

Y IR B NP RPN
0 005 Q15 02

Lattice distortion (%)

Fig. 8. Relation between the steady state creep
rate (700°C, ¢=14 kg/ mm?) and the
lattice distortion of austenite matrix in
the 17-14 steels containing wunit atomic
per cent of solute elements.

RIERTE RV, ThiTX33RIBLLA Y ) — %
EaRE T ofimais, Al X s 2 )~ 75
LOBRLEF IR Y BIBRFOREZHRTHS L
WA B, ik, ThbIE 700°C Euv S HEpHRVIRE
TORBERTHY, HATRYVOFLEHSKRELLBE
WEC S WCHRTEREEHR 7 U — THE & OB
700°C L FIROFERE T2 E 5 2R EkH HMETDH
v, BFHEFTHS.

1. & B

C%h 4%y 17Cr-14Ni 8wt LC, Fe & IERETF
EELKEWERBBEEILE W, Mo, Al, Mn F ¥ Cu
ZIRMLT, 700°C Dy Y —FREY Y — FPRERREE
CRETEBEBTROEE R L, b,
ERTD Y ) —TOEELMBLEF L H 2 5hBHFX
fe= v ¥ — 7, SHEREE RO E IR D256 U
TEMETLEMSER 7 ) — TEEC RETHS 2 5 uEan
L.

KNCEBRFORE EIHPHRCFEE LT, codody
DEIRI ) —TZEWT, ZOXREIHNENEELEL
AFELTHMBTE ErE»2HEHL, TokkH?E
iz

1) CHa& v 17Cr-14Ni §3z W, Mo, Al, Mn &
¢ Cu Z2EhLhBMICEESES &, WThoxEd
2 ) — PGS A EME S, EF 2V — TEEL RS
EHE5.

2) yWEREEZIVEEL, ERUCDIEE DTN
DF—2X0KD, (2)RXEPVCHELS TTERHTEML
PHEOEIRECET 2N Uiz & 25, SEBTEN.
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B3 2ORFEZBBLTER 7 Y — T REICS 5%
BIIE LS, i, FRELIEEAER]S LAV
ZEMEL D ZOFER» S, 17Cr-14Ni §Hic
FWwilidy, ERUCDOERBERFE LTOEEMR
R/ I W EESREh 5.

3) BBILHERNR IS4 — 25+ 4 MEFEEEM
DEE L TFEER [(da/a) x100(%)]1 TEDHL, Th
2 EERFORFEREEZELT—2ORE L LTHA
L, &M 700°C, [5H 4 kg/mm? TOEHKZ J—
THE L OREBRERANAL A, Al RKRE, BETE
DOEHERECEBEO RN X SFIEE 1 KOEMG T
TEHZLFRMELA. %7, &TESr, ERUD%:
BUTORRELESEETIE, BIFBREEH Y —FH
& DRRIE Al &1 5 LEIC OV T I WEMRBGRAS
Bohi. ki Al Iimoss, DREO 7 OG5
CTEFR Y~ TEEXETERICH DA, ThbOR
Ry L THTRER-EH 7 V) — THEERICEATH
oo 4 TELFE U | KOERTIKEHTES. Zh
LOFER D5 17Cr-14Ni §flic W, Mo, Mn, Cu ¢ Al
BRI L7256 0700°C T & ) — FIcidBBRF 0K
SRR LETLRLRFTH S LEERINS
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