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PHYSICAZ, AND MECHANICAL PROPEPTIES OF CAST 17-4 PH

*
STAINLESS STEEL

H. J. Rack
Mechanical Metallurgy Division 5835
Sandia National Laboratories,’ Albuquerque, New Mexico 8718%

ABSTRACT

The physical and mechanical properties of an overaged 17-4 PH
stainless steel casting have been examined, The tensile and compressive
properties of cast 17-4 PH are only .Influenced to a slight degree by
changing test temperature and strain rate. However, both the Charpy
impact energy and dynamic fracture toughness exhibit a tongh-to-brittle
transition with decreasing temperature--this transition being related
to a change in fracture mode from ductile, dimple to cleavage-like.
Finally, although the overaged 17-4 PH casting had a relatively low room
temperature Charpy impact energy when comparea to wrought 17-4 Ph, its
fracture toughness was at least comparable tn that of wrought 17-4 PH,
This observation suggests that prior correlations between Charpy impact
energies and fracture toughness, as derived from wrought materials, must
be approached with caution when applied to cast alloys.

*
This work sponsored by the U. S. Decpartment of Energy under Contract
DE-ACO4-76-DP0O0789,
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INTRODUCTION

Prior studies of 17-4 PH st.inless steel (1-11) have generally
onsidered the mechanical and physical properties of wrought product
forms, that is irclled plate, forgings, etc. There are, however, many

iNvances where, because of ecopom:: .onsiderations, 17-4 PH stainless
seel castings migh. be an attrac*ive alteruative. Unfertunatelw,
I

J.1tle informaticn exists on the mechanical and physical properties cf

17-4 PH stainless steel castings. This repart prescnts the results of

evaluation of such a castino, Where available, rect comparisocn
»ith data obtained from wrought 17-4 PH stainless steel is also

included.



Figure 1, Top and Side Views nf 17-4 PH Stainless Steel Seal Castiug,



EXPERIMENTAL PROCEDURE

Figure i shows the 17-4 pH stainless steel casting evu uated in
.h1s study. This casting was selected since it 15 currently being
considered as the primary metall:ic seal for a liguid metal breeder
rvactor spent fuel shipping container. As such, the sca’ must operate
1 temperatures between 233 and 473K.  In additior, 1t rmust e al o Lo

withstand applied stra-n rates approaching 10 scc_l.
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RESULTS AND DISCUSSION

General
The chemical composition of the 17-4 PH gtainless steel castiag
ecxamined in this study 1s given in Tabkle 1. Before machining, this

¢ had been homogenized at 1422k and then solutiorn treatcd 2t

K. Tinal aging 1involwved a four hour exposure at 922K, uUrlica.
«ooroscopy indicated that theo casting possessed an aged -TarLens.t.
m.trix with &-ferrite stringers, Figure 3. High magnification exai,.rs-

tion of the -martensite matrix, Figurc 4, indicate’ that Lhc

g1 the overaged heat treatment condition: that it contained .

rother coarse dispersion of the primary strengthening phase, cphergat

e ceptered cubic Cu oparticles,  Further cxarination, Foooozae

revegled Lhe presence of ro

shaped trecay

Strimgers.  X-ray enerqgy dispersive ana.vs:is, Frowre 6

tar o larticies were relatively rich in Uu owhen cempares to t

‘rrite matriz. The appearance of these rod-shaved Cu rien poart oo,

w:thin the '-territe stringers scems (o be restricted to

carnless steel caslings since their presence has not :oer

.+ previous studies of wrought 17-4 Pit stainless steel «I-10 .

Tabic 1

Chemical Composition of i7-1 PH cast

avight Per

16.94
4.0
1.0
0.5
< 0,044
& 0.122
Sa 0.7
b D,
i"e Bal.



Figqure 3.

Figurc 4.

Optical Micrograph of 17-4 Pil Stainless Steel
Casting. White Arcas *-Ferritle Strinqgers; Darker
Matrix hged -Martensite. Oricinal Magnificatian
100%.

Transmission Electron Micrograph of Aged
a-Martensite in 17-4 FH Stainless Steel Castina
Containing Spherical Cu Precipitates.

Original Magnification: -40,000X.



Figure 5.

Trancmission Electron Micrographk of é-Ferrite

stringer Containing Rod-Shaped Cu-Rich Precipitatc.

oOriginal Magnificatien: 52,000X.
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Shown ir Uiqg, 5.
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i Sanear

Draand

279 0.0
P .000
n.194

A% 01
ShE n.313
620 [
L27 G.372
56 3 G.409
170 06.346
T4 0.562
9 Q. aaT
4917 4.7
Rt N.671
Y25 0.703
1064 0.824



Table 3

Srecific Heat of 17-4 Pil Stainless Steel Cast:ng

Temperature (K)

I
specific dleat (¢ sec gm ' ¢t

350
37¢
400
425
450
460
475
500
525
550
575
600
625
650
675
700
725
750
775
735
800
825
850
8§75
an0
925

=3
4
~1

0.5147
0.5220
0.5228
0.533%
0.5394
0.5477
0.5548
0.56136
0.5726
0.5805
n_ReeE
0.5978
n.6080
N, 6149

0.7109
0.7576

N.7672

19



Tahle 4

Thermal Daffus:vity of 17-4 PH Stainless Steel Casting

Temporature (¥ Diffusivity fcm® sec };
273 0.0452
461 0.0452
627 0.n457
Tag 0.04:0
ye! n.0475
1127 0.0548
Table S

1 Conddact:ivaty of 17-4 PH Stainless Steel Casti

Terperaturc (K) Conductivity (w ea b k™%
294 0.152
461 6.180
€27 0.199
794 0.206

uhl D.28)
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Table 6

Young's Modulus and Poisson's Fatio
of 17-4 PN Casting

Termperatuse (Ki Young's Modulus_{GPa) Poisson's Ratic
248 211.0 (o243
297 204.2 0.29]
298 204.1 0.241
301 202.8 h.284
a4 104.6 0.795
501 191.5 0.236
S5RN 186.7 0.29¢6
582 186.2 o294
£50 1R2.2 0.366
(50 181.9 n.in4
728 176.3 G.3.6
42 174.0 0.307
798 167.8 6.309
817 164.7 n.321
885 153.3 0.122
957 142.3 0.332

10131 134.0 0. 344
1067 128.8 0.348
1151 118.0 0. 359

1162 117.3 0.362
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YOUNG'S MODULUS (GPa)
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Figure 11. Elastic Properties of Overaged 17-4 PH Stainiess
Steel Casting (a) Young's Modulus, (k) Shear
Modulus and (c) Poisson's Ratio.
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POISSON'S RATIO
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STRESS (MPa)
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Infliuence of Test Temperature and Strain Rate on
the Tensile -operties of Overaged Cast 17-4 Pl

Stainless St :l,
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Figure 13, Influence of Test Temperature and Strain Rate on
Compressive Yield Strength of Overaged Cast 17-4
PH Stainless Steel.
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34

sture and strain rate. Figure 12(b) shows that the uniform

o rriation decrease ith both increasing test terperaturc ane stra

irther indicates that, except at the lowest strairn

Yo ‘This figure
o LG 10—4 s_l, ané the highest test temperature, 433K, the

- :erngation #as incdependent of test temperature and decreasec

sreas.nd swrain rate. Fipally, fractogranhic examinaticn showe:
rersile Ya2ilure mode was, in all cases, claracterized by the
~{ transaranular dimples, with the larger dimples being

irious inclusions and ‘-ferrite, Ficure 14.

wwarcally, the fracture touglness behavior of low strength
~-I1lev's as been examined by considering the influence of test
. * thre ©n the energy absorbed during impa fracture of a stenday :
-+wteh specimen,  These investigations have typically shown
se steels undergo a tough-to-brittle transitiorn with decreasing
e, thot 15, there is a large reduction ir ahsorhed energy
relatively small temperature region. Figure 15 shows that the
~ ot encray of the overaged 17-4 PH stainless steel casting
mder study also underwent such an enerygy related transition,

t!i the values of the upper shelf energy and rate of enerqy

e i with decreasing temperature were less than those normally

‘v Jower strength alloys (26)}. IE a typical 20 joule absorroedt
roe 1 teval-to-brittle transition temperature crileria were applied to
transition temperature wouid have been

PE, the T

20d

, i.¢., well above roum lemperatuze. Finally, com-

© .+ ' vhe roer temperature Charpy impact ererqy obtained for the

e casyt 17-4 Pl ~11 joules) with that reported for wrought 17-4

at kh6YE {7, L ~37 icules) suggests that cast 17-4 PH w.ll

two-thirds less energy during impact loading than wiil wrought

Aithough the dynamic fracture toughness measurements--as shown in

Figure l6--also exhib‘’'ed such a tough-tg-brittle transition behavior,



Pigure 14.

Scanning Electron Fractographs of Cast 17-4 Pl
Stainless Steel Tensile Samples Tested at:

(a) ¢
(b) ¢ = 1.6 ~ 1079 71, T = 423k: and
(c) € = 1.2 871, 7 = 423K,

Original Magnification: 400X.

= 1.6 » 1074 g7, 7 = 233
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Figure 15. Charpy Impact Energy-Temperature Relationship
17-4 PH Stainless Steel.
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38

the fracture toughness of the overaged 17-4 PH casting, even at the
lowest test temperature examined, was still quite high, apprcximately
60 MPaml/z. In addition, the room temperature toughness (-~ 90 MPamI/Z}
was at least comparable to that observed in wrought, overaged 17-& PH
(27), KIC ~ 130 MPaml/Z. These observations reinforce those of Floreen
(28), wherein he concluded that Charpy impact energy-fracture toughness
correlations previously suggested for wrought products are generally not
applicable to castings, that is, the latter's Charpy impact values are
typically quite low, even though their fracture toughness properties

mav be high.

Finally, fractographic examination of the Charpy V-notch and pre-
cracked samples indicated that the fracture toughness transitions
described above could be related to a change in fracture mode. At
temperatures above 350K, failure in both tvpes of samples involved
microvoid initiation and growth, Figure 17(a). Decreasing the test

temperature below 350K resulted in the introduction of increasing

amounts of cleavage-like failure, Figure 17(b).
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APPENDIX B

Peprcsentative Tensile Stress-Strain Curves feor Overagecd
17-4 PH Stainless Steel Castirg

Test Temperature (K) s5train Rate ("l)
en 233 1.6 x 1074
L-B 233 1.2
¥-C 297 1.6 % 1079
-0 297 1.2
4t 433 1.6 x 1077

BT 423 1.2
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