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Sandia National Laboratories,"'" Albuquerque, New Mexico 

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 tough-to-brittle 
transition with decreasing temperature—this transition being relatcti 
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 compared to wrought 17-4 Ph. its 
fracture toughness was at least comparable to 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. 
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INTRODUCTION 

Prior Ftudirs of 17-4 PH stainless steel (1-11) have generally 
•onsidered the mechanical and physical properties of wrought product 
forms, that is rc-lled plate, forcings, etc. There are, however, many 
is varices w.here, because of econorr.; '- .-considerations, 17-4 PH stainless 
• LX 1 castings in: gnu be an attrac* i ve alternative. Unf crfjr.^telv , 
j .u Jc informatir.n exi sts on the mechanical and physical properties of 
J 7-4 pi; stainless steel castings. This report presents the results of 
::: eva 1 uation of such a casting, Where availatolc, direct compar iscn 
M'.J: data obtained from wrought 17-4 PH stainless steel is also 
i ncluned. 



P;.;ui"o ] . Top and Side Views of 17-4 PI! Stainless Steel Seal C'astii.q. 



EXPERIMENTAL PROCEDURE 

Figure i shows the 17-4 »'H stainless steel casting evu' uatec in 

.':us study. This casting was selected since it is currently being 

considered as the primary metallic seal for a liquid metal breedpj 

irK'tor spent f uel sh ipping container. As such, the sea" must operate 

it temperatures between 2JJ and 4 7 3K. In addition, it n.ist JJO JI '.- t.o 

w J t hstand appl i ed str;in rates approach! ng 1 0 sec 

:''hysi_ca I Properties 

Phvrs ical proper t \ nc.-.su rerents ..f th" 17-4 PU stdinlcsF .-u<>oI 

.î-t I r.g in vol "od detcrminations of the 1 : nen r uxpans ] on , spec : ! : . • heat 

in '. L!.crr.H ] di f fus ivi ty a^ a '. i;n rt ; op. o! 1 nmpera tine. .\ di :". : ..HO:: 

•. . I .-u pushrod Ti.cta d i 1 ,-ifvvi < : ' opr , at : .:•- in .i r, <::•. ' eripo: .it ..n 

::v: rf-nr\o:i' was u«=ed !,. oi.l.ur. lir.rat f-Xf-ir.Hion n.{'.-is..riTcr.:« in : ::*• 

i i-r.pri .iti.M r.r.gc 2;"8 t -i ll"Mr" (12). MC<<SU;WP.'I:-: : .•twerr. 2''H f 21 'V 

v. <•» r- made with a sinnk' f iiso-i :• ; 1 ) ca [-ushroi! d i ]..-. 11 r.i-t. or , m u n n'.-m* 

ur,ni: in a room temperature environment. 1'inullv, the linear oxptns-. > >n 

<•• ; I or , 2^.4 nn in ! or.qth :•: 2 . r>4 mn soim: i , wet > • e>: . i I I J.r.i t od 1 "i '-M-

'••N1- aL each Lest tempei at. :<rr trior tn expansion r.c -s ..roriont ;-•. 

fvociri!.' he.it dotoi mi n.it .on^ ..cili/ec ,i iv. :>•. in life: '-ki.;M : :- ' .' 

..':.•: c:.t in! scanning I'uurir.vicr .-«*nn<. ct e<: ', - .i !•!•.:. r.: :: •--i'r.r-u or-

: .:r.L'.i C!J ;j ) t al data acL:n: s 11 ion sv = Lcn. 11 !' . "•':<• ' he m a 1 d L : : -s ; v i l •, 

r-'-SMlts were obtained us; rig a cor; .:t er coril rr ; ;. •.; l.isor fl.is:; di *:..;-

.-•;••_. U'',",M'i-c \ . j; . Fr.-'v. I r. : t • .*. -:.cv.: .•• :.•••:. . , AI,.: t.';t t M : ~ .• I 

. I : f„s s v i ty ., the thermal conduct:' . t y , , ^,is ;!.<_:: .-.ilcalato- '. i •.'?• 

'.-. no re i s t lie dens i ty cor reel ed for changes I n temperature relat ivc 

U, room temperature (298K). 

The dilatometer was calibrated usinn standard fused silica and platinum 
samples. 
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The Charpy i - p a c t s a r . p l e s were t e s t e d xr. e ; t h c r t he ' / - .notched :,r 

f a t i q u e precrackeC c o n d i t i o n . F a t i g u e precr-icV. ing u t i J i z e c : methods 15. 

where t h e f i n a l s t r e s s i n t e n s i t y d u r i n g p r e c r a c k i r ; n, K , ' . a s a lways 

: , i r - ; le:: n t l e s s : han one -ha If of t h e riynar.; cr f r . ic t i . iL L oughne.fi s , 

-" -. !','-•.. t he no tched and f a t : r ; , : c p r ^ c r a c k a d sarin Les were t e s t e d u s i n g 

, : ;• ' . : . r e n t e d : :-•} r-t m c : . : no •.•.',' i • .0 1:111, : ' ; ;\: K t ve In-.- • •• ijcir.v 

;osr: v.-a.-- < ii.l .. . r.o:: f r^.:1 

T , ! , , , 

. ' , , -- 2r:,,/i:i 

,1K t l-:o- i s t . :• I [ 
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RESULTS AND DISCUSSION 

leneral 
The chemical composition of the 17-4 PH stainless steel cjstin-i 

examined in this study is given in Table 1. Before machining, this 
• ..Line had been homogenized at 1422K and then solution treated at 
. ;-7.K. rinal aging involvec: a four hour exposure at 922K. Optica. 
-*: • oroscopy indicated that, the- casting possessed an :igc-d ."irorvrns.;-. 
,'i..tri>: rfith £-ferrite stringers, r inure 3. High magnification c-x,i;,, 
i :on of the i-martensite matrix. Figure *1, indicate-.' that the r.t:-i-:. 

•..is iii t.)ic overaged heat treatment condition; that it conl,iinoii .= 
r..t.hc:i coarHe dispersion of the primary strengthening phase, rpii»T i -
1 r.\- centered cubic "u pa i : i :•] er;. )-'i:rt her o:a:" i nat ir»:i, !•"•.:).:•* ', 
: i "".iJed Lhe presence o I rod-shiiped '• rurip. i.ati's W : t!'.: r, t ;.< -•• : r . • 
. ! n-iqirs. X-ray energy dispersive .iii.i.vs::;, ]'i::i.i-c <•, t :i •;. i! • 
i • n' ..• ].articles uere relatively rich in :'u whir, -omparci; to i :n 
iVrritc matrix. The appearance of these rod-shn:cl I'U r:«'!i p.:i'. ..•.. 
•..:tliin the -lerrite stringers seems to be restricted ti- :.•-•! :'!' 
'ainlosa steel castings sin:e their presence has not : L • ; r •:.":• « 
.! previous studies of wrought 17-4 P!l stainless steel i ] - ! : . 

Table 1 
Chemical Composition of i 7- 4 PH <"a:U:t.:: 

•: boT^:^ .\L- ight Percent 
Cr 16.94 
Ni 4.0 
Cu 1 - 0 
Mn R . "j 
C 0.0 44 
F 0 . '")2 2 



Optica] Micrograph o l" 1-7-4 Pil Stainless Steel 
Casting. White Areas '-Fcrrile Strinqers; Darker 
Matrix Aged 'i-Ma rtensi to , Orir-inal Magnification 
100X. 

Figure 4. Transmission Electron Micrograph of /ujed 
j-Martensite in 17-4 PH Stainless Steel Castin 
Containing Spherical Cu Precipitates. 
Original Magnification: 40,000X. 



Figure 5. Transmission Electron Micrograph of e.-Ferrito 
Stringer Containing Rod-Shaped Cu-Pich Precipitate. 
Original Magnification: 52,000X. 
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i ;. i n o / . r I .xr j . ins i cir; o f ) - - •". 
'!! .ii r. I'-n.'-; S t . o n ! Cast i p.'--

-T! "?••• _J_K_; L / L n l i : t . 

2 79 - n . 1 :M 

, • • ' ! ; 0 . 0 0 0 

•1 '• 1 o . i o -1 

•1 :• n . I ' i ' i 
r>(:-r. 0 . 3 ' . '! 

1,2 k C . i 7 i 

1.27 C. ?72 

!>4 ) 0 .40 ' ) 

7 7 ' , 0 . 5 4 6 

TH : 0 . 5 6 2 

• 3 - 0 . *S r. r. 

'3! 7 t l . T U 

- < / i o . f. 7 ; 

'J 2 5 0 . " 0 3 

O M 0 . 8 2 4 

212 1 . 107 
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T-iblp : 

S p e c i f i c Heat of 17-4 ?!I S t a : r . l e s s S t e e l Cas 

Tempera tu re (Ki Spc-cif ic i icat Û  s e c qnt 
350 0 .4750 
37; 0.4884 
400 0 .4073 
425 0 . "054 
450 0.5147 
460 0.5220 
475 0 .5228 
500 0 . 5 ) 3 0 
525 0.5396 
550 0.54 7 7 
575 0 .5548 
600 0.56 36 
625 0 . 5 / 2 6 
650 0 .5805 
675 n .sp .T. 

700 0 .5978 
725 O.608O 
750 n . r H l 
775 0.6534 
795 r. .6812 
800 0.6!i7 r) 
825 0 . ; 2 4 ' 
850 0.740'J 
S75 0.7576 
100 0.7672 
925 0.7 7 3'. 



Table 4 

3] j-i f f us : vity cf 17-4 PH Stainless Steel Castir.q 

T o n ? o r a t , . i ' e 1 r.; P i f f u s i ' v i tv 1 err s e c ', 

T> 4 

' e 1 r.; 
0.04 58 

4ftl 0 .0452 
f>2 7 0 .0457 

764 0.04 20 

462 0 .0475 

! 1 2 7 0 .0548 

Table 5 

'. ] C'.rvi.it-t: vi ty of 17-4 PM Stciinlcss Steel Castinn 

cr.ppraturc tK) 
294 
4 61 
f.27 
704 

Conductivity (w 
0. 152 
0.180 
0. 199 
0 . 20C 
0.28] 
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200 400 600 800 
TEMPERATURE (K) 

1200 

S. Specific Heat of 17-4 PH Stainless Steel as a Function 
of Temperature. Data Points from 17-4 PH Casting, 
Dashed i.ine an Averaqe Obtained from v.'rouqht 17-4 Pjl 
Stainless Steel (211. 
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Table 6 

Younq 's Modulus and Poi s s o n ' s Pat i o 
of 17-4 PM C a s t i n g 

T c r ^ c r a t j j r c (Ki Young 's Modulus (GPa) i ' o i s s u n ' s H a t t c 
2 4 8 2 1 1 . 0 f.. 2 8 3 

29 7 2 0 4 . 2 0 . 2 9 1 

29 8 2 0 4 . 1 0 . 2 9 ! 

3 0 ! 2 0 2 . 8 ( ! . 2 8 h 

I ' l l 1 1 4 . 6 0 . 2 9 5 

5 0) 1 9 1 . 5 9 . 2 9 6 

5 8 0 1 8 6 . 7 0 . 2 9 6 

6 3 2 1 8 6 . 2 0 . 2 9 4 

6 50 1 8 2 . 2 0 . 3Or. 

6 5 0 1 8 1 . 9 0 . 3 0 4 

7 2 8 1 7 6 . 3 C . 316 

7 4 2 1 7 4 . 0 0 . 3 0 7 

7 D 8 1 6 7 . 8 0 . 309 

8 1 7 1 6 4 . 7 0 . 1 2 1 

8 8 5 1 5 3 . 3 0 . 122 

1 5 7 1 4 2 . 3 0 . 3 3 . : 

1 0 ) 1 1 " . 4 . 0 0 . ! 4 J 

1 0 6 7 1 2 8 . 8 0 . LIB 

1 1 5 1 1 1 B . 0 0 . 359 

116 2 1 1 7 . 3 0 . 3 6 1 
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Figure II. Elastic Properties of Overayed 17-4 PH Staj.nie.ss 
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Figure 12. Influence oT Test Temperature and Strain Rate on 
the Tensile -operties of Overaged Cast 17-4 PM 
Stainless St ?1. 
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13. Influence of Test Temperature and Strain Rate on 
Compressive Yield Strength of Overoqed Cast 17-4 
PH Stainless steel. 



r.i. ijj-o Jti-J strain rate. Figure 12(b) shows that the uniform 
jt. ion decreased with both increasing test terpcrflturc ar.r: st: 
Th:s fiTurc further indicates that, except at the IOVUF1- st 

.ID:-;!-;!-: 

1 7 - J 1 

: •" r.gat io:, -̂ as independent of test temperature and decreased 
LTOUS ̂r.:; =Lra in rate . Fi nal ly , f ractogranhic examination showec 
- r.ersile failure node was, in all cases, characterized by the 

-.:" trarisnranular dimples, with the larger dimples beinq 
;•_£•: with v.-jrious inclusions and :-ferrite, Fioure 14. 
. is1-. :cal ]y, tt.e fracture toug!.ness behavior of low strength 
• • I ] f •• s '-ins boon examined by consider ing the influence of test 
•'.:-• rn the energy absorbed during imps. fracture of a stand.n : 
- • ..-I rh sr.oci man. These investigations h.T'c- typically sho^n 

.-*;<• .-(eels undergo a tough-to-brittle transition v;ith decreasing 
:••!)• , that i.s, there is a large reduction in absorbed energy 
:elntively small temperature region. Figure 15 shows that the 
-"• :cl cneruy of the overaged 17—4 PH stainless steel casting 

• .'.• i:;do>- study also underwent such an energy related transition, 
-•\ !>:it!-, the values of the upper shelf energy and rate of energy 
. .. with dec-reasing temperature were less than those normally 

•••(- lower strength alloys (26). If a typical 20 joule absorr-e.i 
• ̂ -.i:.-to-brittle transition temperature criteria were applied to 

• :.-?* ,~-A P.':, the T_, T transition temperature would have beer. 
• (•: -.'jr.- , i.e., well above room temperature. Finally, com-

• •>' -h: rccr temperature Charny impact er.erqy obtained for the 
<••<! cast 17-4 P\'. !n~ll joules) with that reported for wrought 17--1 
:• at h{•,{•,". ;"; •!; - 37 jcules) suggests that cast 17-4 Pll w. 11 
two-thirds less energy during impact loading than will wrought 

Ithough the dynamic fracture toughness measurements—as shown in 
16—also exhih-'ed such a tough-tq-brittle transition behavior. 



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

0 a-1. 1.6 
1.6 

10" 
10 •4 „-l 

(a! 
(b) 
(c) L = 1.2 s-1, T = 4J3K. 
Original Magnification: 400X. 

233K; 
423K; and 
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iq.jr« 15. Charpy Impact Energy-Temperature Relationship in ds-, 
17-4*PH Stainless Steel. 
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the fracture toughness of the overaged 17-4 PH casting, even at the 
lowest test temperature examined, was still quite high, approximately 
60 MPam ' . in addition, the room temperature toughness (̂ -90 MPam ' J 
was at least comparable to that observed in wrought, overaged 17-tj PH 
(27), K- - 130 MPam . 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 
may be high. 

Finally, fractographic examination of the Charpy V-notch and pre-
cr^cked 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 types 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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=; . r v e s r i g a t ion has examined trie pr.ys • c: i . J::.. •• 

(-•= -. c i;n cveraqeci 17-4 Pi: s t a i r . l e s s s t e e ' . ran* i: 

t r.csv i T o p e r t i C i , wnere a v a i l a b l e , wi th t !.L.= C- ; 

T* i i r . l c s i s t e e l . The s t u d y has shown th. i t : - -

T:iG . i i i ea r e x p a n s i o n b e h a v i o i of c a s t i~-.J If: . 
LdfnMiv.! t o t h a t of trie wrought a l l o y . 

'I h*.- t normal p r o p e r t i e s , s p e c i f i c h e a t , t hcrr il 
:•. 1 * j s t v i tv and the rmal c o n d u c t i v i t y , of c i s i 
'..--1 VI: K taLn los s s t e e l arc- mnre S L . . . I I ' r ' v v. 
t T i : .-r.it lie than i ."•. wrought 17-4 Pll, th. i t : s , 
• : i v,ir .. I n .i more conpl i cater i fash i en v. ; ' "-. 
•.c;';- 'r j f j r e than Jo t h e t h e r m a l p r o p e r t 11" 
.r:-..Tht 17-4 PH. 

". L c L i ? t . : c p r o p e r t i e s , Young's rociul i ;:, ' .-:.<-• 
• "•' . I ' , lorn: m be h i g h e r in c a s t \~-A •'•; s t.:: r 
.'••<:•] t.uar. •. r. t i e wrought a l l o y , a l t h o u ; ! . the -
:••(-(•< isi? v : i 'h i r . . : r eas inq t e m p e r a t u r e . 

'i: .. ••:-.-sj]t- . r . : •.*• i i r c s s i v i : p r o p e l t i e s of •*!..• 
':- • .- i.-1 r '„(• Sfjr.u . i eqree a f u n c t : on of t e s : ' r r ; .• 
( . •••• .jr.-i s t r . i i n r a t e , a l t h o u n h not t o t h e ^.in-
. :••••. -T5 f> r lower s t r e n g t h f e r r o u s s t r n l . ! 

;- !..;. • •• 7 - n o t r h : impact energy iind t he «:\ •; i:-: 
' . r - i . j i n n e s s be Mi e x h i b i t e d a i r n r i - i i -

, • • ; • •.: ii.s : t i '-r. •-•.• i th - Jcc rcas inq torn to™: "?r i 
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API TNOIX A 
3l Property Sa-ple Configurations 
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DETAIL D 

Figure A-3 . AST.M Standard charpy Impact, fjnec-imc-n. 



APPENDIX B 

Representative Tensile Stress-Strain Curves for Overaqr-d 
17-4 PH Stainless Steel Castirq 

Test Temperature (K) strain Rate i ' ) 

K-A 233 1.6 x 10 

r.-B 233 1.2 

U-C 297 1.6 x in" 

is-3 29 7 1.2 

M-E 4 33 1.6 x 10" 

Fi-r 433 1.2 

• 4 
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