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Effects of the Aged Structure and the Prior Austenite Grain
Size on Fracture Toughness of 18Ni Maraging Steels

Yoshikuni KAWABE, Masao KANAO,

Kozo NARAZAWA, and Seiichi MUNEKI

Synopsis: W,

A study has been made of the effects of the aged structure and the prigr austenite (y) grain size on plane
strain fracture toughness (K;c) of 18 Ni 300 and 350 grade maraging steels. The relationship between
K,;c and tensile properties or Charpy V notch absorbed energy (CVN) has been also investigated. Kic
is strongly affected by the structure aged at different temperatures. It is found that K¢ of the specimen
with high temperature aged structure is superior to those with low temperature aged and overaged struc—
tures, and the factors which affect K¢ of the three different aged structures are discussed. Kicis scarcely
affected by the prior y grain size. This phenomenon is in contrast to those of tensile ductility and CVN
which markedly decrease with increasing the prior y grain size. »

Therefore, any relationship between K¢ and tensile properties or CVN can not be observed. This may be
due to the change of the fracture mode, with increasing the prior y grain size, from dimple in the grain to
dimple along the prior y grain boundaries or quasi-cleavage. '

(Received June 16, 1973)
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Table 1. Chemical composition of the steels used for the present investigation.

Steel | ¢ | si Mn P s Ni | Co Mo | Ti Al

300- A 0:003 | 0-025| 0:002 | 0-001 | 0-004{ 17-83| 7-95| 471 | 0-70 0-05

300- B 0003 | — — — — 18-19| 836 | 476 [ 075 | 0-06

350-E 0:004 } 0-003 | 0-003 ! 0°003| 0-004| 17°36| 13-19| 3-73 | 160 | 010
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a) 7=35u 400°C x 3 000min b) 7=3004 400°C x 3 000min
c) 7=300p 475°C X 1 000min d) y=3004 550°C: x 500min

Photo. 1. Scanning electron fractographs in normal rupture region of tensile specimen of 300-A
steel, showing the effectfof prior y grain size and aging treatment written above.

L 3004 |

Photo. 2. The fracture profile of tensile specimen of 300-A steel aged for 3000 min
at 400°C. Prior austenite grain size is 3004.
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Photo. 3. Scanning electron fractographs of delayed fractured region which occurs ahead of
fatigue precrack in fracture toughness specimen of 300-ATsteel.
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Fatigue brecrocEqJ

c) r=354, 550°Cx 500min d) y=140p, 550°Cx 500min

Photo. 4. Scanning electron fractograpﬁs of fractured surface adjacent to fatigue precrack in fracture
toughness specimen of 300-A steel, showing the effect of prior 7 grain size and aging

treatment written above.
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Fig. 11. Effect of prior austenite grain size and

aging treatment on plane strain fracture
toughness of 350-E steel. Comparison of
a) and b) indicates the influence of

vacuum annealing,

Photo. 5. Scanning electron fractographs of fractured surface of tensile specimen of 350-E steel aged for

c) Unstable fractured region.
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% 60 £ (1974) 22

475°C % 360min
550°C x 480min

a) r=2,
c) r=23pu,

d) =252y, 550°Cx 480min

Photo. 6. Scanning electron fractographs in normal rupture region of tensile specimen of 350-E steel,
showing the effect of prior y grain size and aging treatment written above.

7o a)REEEMEITRbITVWEE, b)EfFi o
BoERTH5.

ZOHMTD, Kic 30 L1adis 0 Bix oi-FEghw R
L, 550°CHEZN# Tl r B E o< KFE LA W. K
M, 550°C mezhffd Kic BEDEN TV D ATIKY
DFEME—FH L TWS. 400°C BE3hitCI3 gk oHE &
iRz Kic REOARPIT Y BRI BRRESS

FEL, LrbBhBROBEERIZWTR SRNABE
Th% Thicdrrbbd, FROHELE ERD

Kic OHRXBEBD L. SEEKEOENWICI - TZ
DX SBRERBECLHEBHIIBTHELETS.

475°C ATl a)iIwR Lic X DT, r R ALz
0T Kic BETFHEMT 2@EMBED bt LI L,
T DMEEIRAETIE T TR o X 51T Lvsv s FHLE
DEFEPERD LI, L b L O RKEMEE T r{bd
LEE, Tbh r AESHESVIEEE LY. £DiD,
TNy FEBEBED r NEORE 2 ST S0, B

TR T o7/ r EAZHE L. TOERIED)
KART XS5, Kic LAY v HBRTEELRL L
5. L7choT, cOMOEED Kic EAREMCIX r R
BEEF LRV W LD LEEZ NS,

DER, BRHEHOEZEREES Photo. 7 X8R/ L
7c. Photo. 71X 400°C REZhMOBETH D, ERANIE
NHEER, BAIRATREWERTHS. COFEH» LA
Bavs X 51T, Photo. 5 @7 SRERER OB & [AIFRZ,
BABSEIIHRARECHHOITH L, FEEREIINR
F4 L FNRETHS. 475°C & 550°C EpshEA T,
Photo. 8 iT7R3 X 51T, EH BRI LEERLTEREN
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i~ EEARHEIT s 5.

3-6 MIBIREOEARAER
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a

,b) =23, c,d) 7=100g

Photo. 7. Scanning electron fractographs of fractured surface of fracture toughness specimen of 350-E steel
aged for 1200 min at 400°C. (left) delayed fractured region. = (right) unstable fractured region.

Table 2. The summarizd results of the fracture

modes observed in tensile and fracture

toughness specimens.

Tensile testing Fracture toughness testing
Steel Prior austenite grain size
Fine Coarse Fine Coarse
D D
300-A D D
(210kg/mn] DGB DGB
grade)
D b D
350-E D DGB DGB
(245ka/mms C (350°C)|DGB (400%) C
grade)

Deep ———{( D) — Shallow
Along boundary ~—(DGB)—> Short cut

D  : Dimpled fraciure
DGB : Dimpled fracture along grain boundary
C  : Quasi cleavage fracture

BEERERAD / — <oV - T F T 4 — R L IR ER O
EHBAEEROWHZ T LI -0, [GHIkEERISIE
ELWEREREBIZ W, [REMEcBEYEERE LR
ERBEPMEIE LIHE &, WHEE S BRI ICHR
ShARENCEIB LIS LR KT 57-0TH 5.

210 kg/ mm? FREMIIHARC D & &ITIEXF 1« o FIVREEE,
HF COR REERRSE T T 5. 245 kg/ mm? #&
STHHEID & XX B BT 7 « o PR, BT
WRF « v PriE0IE» i, BAXEgERED LR
5 X OIS, FREIKHEDOE WHRE O TRRE L AT,
400°C B VIR D & ZiC bR T « o S AR
HTETHEB. LichoT, 400°C ppphimbvdpr BakiE
BEURLTVWESEEZ HLTWwsh0L Ebhs. X5
T, HREOMTIL, MR D LB~ SHSEB LD
5. LrL, L Ke»5HL2X 51T,
C@WE@E&%%?L%%%%%%LTMw@p.

oI, JIENTE & REERRE TR ERN TS 5
By, DEOXSTEB VRS, T, Fa o FUPEED
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%60 & (1974) m2 2

Fatigue precrack_J

a) y=23p, 475°Cx360min  b) y=252y, 475°Cx 360min

d

precrack__,

Fatigue

¢) 7=23z, 550°Cx 480min

d) =252z, 550°Cx 480min

Photo. 8. Scanning electron fractographs of fractured surface adjacent to faitgue precrack in fracture
toughness specimen of 350-E steel, showing the effect of prior 7 grain size and aging

treatment written above.

BEE, SERBETCRIEVIENT 1+ > FPAUTHBDIT
XL, BEEESIMRE TR R A EABHD. ERR
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LT Kie BRERT HBK & BT oW T, R
BWTHETS. AT, 1) 210 kg/ mm? REHTE
LRI DS, IO 2) 245 kg/ mm? HFOEEIT,
B BRARCEVCENVBEEREBETT 5 brrb
5¥ Kic R LAV, Tihbb BRgEENSHY)
BB EREIRVEBRTEETS.

TR B X Sic, 210 kg/ mm? FREAD kIO &
SHDLND Kic oKX, R kotkchs.
IR TTRT X 5T, B8RS h (branch-
ing) & X 0 BREIGHEL (blunting) T 5720 :FE %
Hhpme), g UCEBhEEENOESNERII—K
WIRERRRR B R B EOBFTED S TW»H e, |
72T, 1) OFET Kic B Lavwort, Bhug
BRI RIT L, BEShBERBIEUHL L
DTWBHIDTHA5. —7F, 2) OPET BNEED
BRI T O ARETHS. Lr L, BEmeEsT
&, 1) OBE AR BRBERRO KRR
Disizy, BREFOMISHETE LN D LR
s, BEOESIBARIKBELTRE, BFhicko®
WREMDIENHBHEENEOCRREEIEEEORE (&
7oV K) RSN I WIEEESARE LoF VLot L
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EEINTVLEY. Licd - T, ERoBRRITHEICHEE
KHEAE L e D3, BREBEEOTE (FLRRK)
KT A T2 2 8% RIE LTWHDOTIRENS S
P

SXir, ko X5 BREERRNS K DA
FHE LWL L2 b 5T, TOTESAELGRDEHE
ST A LESHL. ZoAEALTIR, BEhpEas
EX 2 Kic OBAOBICE EEMNLBEIRISEE Ly
LEZTVS. a8 b, BERBEERERE W LVXE
NHHEIC ST 5MEFERAREVZ LE2ERL (Thbb
ERIE, SENBREBELZET 52, REEED
HEWATHD), —F Kic DR FO Bk blunting
BEMNKEVC EEBERLTVS. L -T, BB
BIHE 75 B3 EeiET o blunting $hiEss BA kT 5%
BTV TDh, BXXEREZETHIS>TLDLD
RN S.
4-2 Kic O rRE&kES

ST TIRRT &k S r WERKET 5003, &Y
%’V o FU e E—RINZ AL —-DX S TAREES
BOFEEENRE TN, L dBERRXSRAT
W BRRT « v VIR~ OTLE RSB TH 5.
—7, AEEEHOMEBF I L r EKFE 4
Ul vl BRERT O ML R 3G HIR Sh okt
B, HMACB OLEREREZE Y 2 {lkdkdLFEx
bha., ZOEZUTHIATS. FEERECKTH
MDA E X (R) 13, R=0"05(Kic/oy)? TEHLIN
%20, 300-A 0D Kic=200 kg/ mm?-\/mm, oy=
180 kg/ mm? #{XAT B EREZEI 60 THD, »ih
HER DA D r RERICHEY LTw5. —F, By fRT
MUNBZIMTEE T BiTiy, B R & AR
BRI R0, RRZIEHAESRR £ U RThER 5
V. Tl BRAROBERIINEL D 20
KELBEOLOBIETHHSH. FEBRDIEES LT
vy W E—RRTRIBRHEN ET 2RED r HETIL,
CORRB X WSROI S BIEFNELLDEDT, H
RuER AW 270k h, rRERFESELN
WEHEREINS. s b, FL MR TR
DEERLE 5052 WHS5HERDS. TOFEL, K
Reo GhEdn sk, NABERRXEZ IHE
T, R HNEEEEERELDhEVWEEIXLRS. i
L, 2ok 5T, MHROKXKE SKHEERIAATE SN
L0, FREMEOETTRE LcX i, RN ERR L
TEEFEEROEZEVLEE/ NI WEEDOHTHA 5. FIN
L, RMROEBETE» DA WESTIRRRET
T L/ ERPWR SRR, TOEERA

PIERTSREELZONS.

DEIC, T LEBRSETRERORENKFENICE
BAHEPEVORENSS. IhHBWERISESE L,
Gl SRR TE L ST 1 o TARETIIWTR LR
RS A U W EE X OhD. 1272, FBAERFOS
BREROBE LY RN AEL, T T

LISNOET & 1 F — T OBWERX AR LT VD EH

z2bh5.

—7F, KRR F o SEIE OB AT,
ERF T LT NERFE PEDLRS S F 2 bhT
W5, ZREREICHY, MAEEOBA RO HER
FIREEEREE S X O RERR OB X DR SR ORI LE A
b3 500, B~ZHRBRCEEROHEIRASEE T
HdTHHS. LL, HAOHEICX > TRERD
ek LEBCH T A RHSHEET A D, TOXS
RUHERR AR A EE T L EAR® IR L, E1EEHE
P HEERAOR PR SRR 7 D ST W RIBEE SRR S hu T
523)‘

Lo 5T 5 L Bbhb Lmas, JREKUEER
245 kg/ mm? [ FR¥ 5L, RSP BRE~ZEBELERE
ETHEETH Kic BPIZEAE r FFICEKIF LRk
5 ETHD. ZhIGEE/KED FRICHEVCVERIEEIR
HZFE LB L, WAROEREHPEAT S0 LFEES
hs.

4.3 K (CHLEIRagOREE

Kic R ORBGRE BEKIELZ LEE L THLS
2T 5L, SRIOERBROATIE T4 LIEWER .
DI, WIS THETLHHE (ZoBETE, R
BE LFEREEZZE 2 T, 400°C Fpgh#d o MR D v
Th, BEDO Kic #kdTw5.) 2449C, Kic &
Reg X DR E SRR C Litskd, Fig. 12 iRl
7.

Kic RSB ICX - THD x SITBg>TW5S.
475°C pREhkiRRD Kic bR, 400°C (Z 2Tl
BLTWBORED Kic ThsOT EBNIHERR?L
TLEMTE Kic 238500 L7z 3 D<) XUt 550
°C Bk TR DO TwB. Lo, 550°C i
ShRAEL D Kic X &E MR TIsaEERTHSET L, 475
°C BB ORI LITITH L5 HE»rd 5. Kic
& 0.29% A oFRE, Kicooe? OFKTEDLEN,
mizk) 3 TH B, b

R AR B &, 1) SR, 2 SAER,
3) BEN D 3 oORTIC XMEhD. TOERTHR
SHBRIC X - THE A 3 BEAR T Lizoss Table 3
ThbH. T, WEEFCHS WEKT O L REIMEHE
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Fig. 12. Relationship between 029, proof strength

and plane strain fracture toughness for
three different aged structures of 18Ni
maraging steel.

Table 3. The eflect of stress concentration, stress
relaxation and cohesive force on facture
behavior of 18Ni maraging steel with
different aged structures.

Aged structure . . .
——~———~——]Stress concentratioq Stress relaxation | Cohesive force

Aging temperature

Low temp.oged st. }
400°C

High temp.aged st.
475%¢C

Overaged st. ,T
550°C

4 Increase The height of an arrow indicates the degree
| Decrease of the effect on fracture.

FECHn ., BEEhERIc X » T ThoRF28 LfHia X h,
FRO X S EmE R LI DT EBEIr #ET 5.
400°C &§ZhD J — CIEERFEMBL T, AT THE
Lok 5T, BRTE LMV — 2800 LTERT
THUWMEGE L5 LB b5, TR, F
BTNV ECERE,PERL, [GHEPRELIHENT
5EBbhs. SHRTIEHEMIRECE NS ThH D
5. BT ET HEFE EMiL S, 400°C
FREhAf VIR UED 475°C Beghdfictt L, & Kic flic#
T30 EBbh5.

—7, 550°C Beh#lfkcix, KE B VWRENHME
ROV y AEDBER L, AREELOWMERETNE L ER
L7cDENEREZEDLEELRS. LiL, Brvry

MOBET X O ISHEMREIM AT 2EE5IEZ0ED
EEZLND. T, TORFSHMENT, BEESCEY
TT « v T AEOHEHNR X TRT 7 KR T ORI HF89
HLha X5, FHHELEERTmOFEESE LT L,
ThbbBENIETFTLTVS LEDbRS. ZoBHE
MEBENDOrREVD Kic KRR HE 5215
D LB D. FHEKENSKV & &G HEMRED
SEHT DI, RENOET S Kie ok LT BEH
EEXETLRbNRS. MEKED LR, KEE
EOEIEMSELLL B0 T, LfAxXh5
BARE N ORI FE LA, KEEEmATo
JGHKMEDRE LD DT, MENDOERTR I/ 0 —~X7 »
TENBL DD EBbNE. ZDER, 550°C K%
o Kic Eici~7z X 5 i RT b D EHEE
hs.

Tk ST, v — oI EIRREESL & AR
M X % 2 DOMLERRTFEE L, TOREoHRE
FEASEE & 3T — T4 LT VW S IkEED
EEFHRRELEATVWE®. L L, BEKMEDER
eV, (RS O LYER S EE L 5 E, @
FRESDIELRVE B it U CRANCYER T % WREE S Blbh
TLBZLEEETRESATHS.

4.4 Ko &hOBmaE & niaE

TR BRI X Sic, Kic L3RR O, &
D, V/JoF- v ) —RHEDORN x 3 0¥ — (CVN)
ORNICHEBAMEIX E D7 B bt D2/, Lrl, T
DOEEFERIX Kic L5[3REMHE Lol I#BEXh T
5 YL BRI fR?), XU Kic & CVN o
EBRHAEBEBRODEFEELTET 5 DO TRRV. 7%
B D, BELOERBR CIIBERROELIED S
hicoiext L, Zh bOFHBEBERITBERAS 7 « 7
NEEROB R OB T 5B S TH S, FE,
r REEENSHY 30 300-AgH% 475°C THEZHL, 100%
F a4 TPEBOBEICIE, Kic=165 kg/ mm?-/mm
—46.6ksiy/in, o0y=201 kg/ mm?=287ksi, CVN=
1.90 kg-m=13.80 ft-Ib %(K’C )2=%<CVN_.‘IY_)3°)

y

Iy
AT S E, COBRICEDLDTRBL—HKTS. =K
L, EET_&AIE, CVN w34, £ v+ U o
FRB T IV F - DL EN, K & HEMICIEES 5%
DUEEE= AV E-DBTHSD. LidisT, 1009 7
1 2 FTUEDMEEC Kic & CVN it b TESL
ROEVIEBENSKILT 5% £ &1, ¥z CVN ikl
BEBI ALY - DEABEE—FETH D LEREL
TWa EEzbh5.
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Wer 503, S SFEEELEE/ 4345 o CVN
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b LNV OIR L, Kic THE S EOMIMC VR
BICIRAT 5 2 R BELTVW5S. ZORRE, ik
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T SBEEIE, o s ABERRNCELRRD Shin <
TH CVN iz 505 Efc 2 v F— 0 BE58 L,
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ZDIDR»F 0 Kie ORERFHDR BRbh 5580
H5.

3) Kic Wxmemhfificiy 38< X Shb. LT

Kic SRR SRR X AR oS & X v &R
FEAHERO £ s R B TW5E. L L, BEKED -
SV RREEERY Kic oxt U BRIICER T 5 Em
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T 4) Kic E53E, ¥ v v € —SEHEE IRV ER D
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