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Strengthening and Toughening of 280 kg/mm? Grade Maraging
Steel through Control of Microstructure

Yoshikuni KAWABE, Kozo Nakazawa, and Seiichi MUNEKI

Synopsis:

In order to strengthen and toughen 280 kg/mm? grade maraging steels, the effects of solution and aging
treatments on the microstructure, tensile properties and fracture toughness have been investigated, and
metallurgical factors affecting the strength-toughnesss balance have been discussed.

Tensile ductility is strongly dependent upon prior y grain size. Unstable fracture under low stresses
occurs due to the decrease in ductility above a critical grain size, which depends on the strength level and
fracture toughness of the steel. On the other hand, the fracture toughness is independent upon prior r
grain size but strongly dependent upon undissolved precipitates. The presence of undissolved precipitates
can greatly lower the fracture toughness. Therefore, a simultaneous improvement of ductility and
toughness would be obtained in the fine grained martensite structure without undissolved precipitates.
Three special treatments, which consist of complete solution treatment of undissoived precipitates and
grain refinement, have been proposed by utilizing the difference of metallurgical factors affecting the
ductility and toughness respectively. Simultaneous improvements of the ductility and toughness for the
higher strength level of 13 Ni-15 Co-10 Mo steel are obtained by a special thermomechanical treatment.

1. %

I8Ni e =~ U TRERAE 245 kg/mm? (350 ksi)
RETOMAAFEEN, FIZBEEOMEILL 10 437
MinaLsIN 50 2 X 9 280 kg/ mm2(400 ksi), 350 kg/
mm? (500 ksi) FREMABBE I TV 5. 0E, FiH,
R, [RFNBAR L EOLME MRS B oS tiy, &
DESLFELLEVEE 27 ) o2 HT 5k
HEED™ =h, 280kg/mm? FRI\ICOWVWTH, VLD
POHEDTID B D, O, ) BEEEET IO
205 T DBEWCAER AT > BE XY, EHE, 8
HEBRLDNI0, 2) BEXVEEORE CIERLAEY
75 EEN-HERESR M), 7 L7, 18Ni %
TNLT U RS BREPELA ShTwa.
280 kg/ mm? {EEAIY, 18Ni REAL RS RPAELR
0, B{LTEE LT Ti €ZboT%ED Mo A
ShTWws. T D7z, 280 kg/ mm? RFIHTIE, 18Ni
FRMTBEAVSRLS 820°C iEEDISE T O Bk

il

TR SBOMEDE BE L TE Y12, 207 s
EOENE LTHbITWS EHERXNDL, 0k
5 T AR &R BT 35 X VR O BRIRIZ 4B S 21T
XhTWwinv.

T, ZOXSEBE/KRETICIVTIE, BICHE
EWAT DI LRRELBEENDHDLRET LAV LiT
HWETHUENSD. 7o&xiF, 18Ni et —o4f
THEBROLEXFHIRET HIRY, BEAV LN 53R
DIRF LT 280 kg/ mm? TH B ELIGHHEH1®, Z DR
ReFOM D103, BEHNSEEILERS 2 & 25RA]
RTH5.

D7z 280kg/ mm? fFe v — SEHICOWT, B
RLAOER L RSB O S B 230, SRED, IEME, S0
MEHEFOBERE I TR Lic. TOfE, i -
TREBAFORESRLLZLXPOIrE L, DA
ZHRHAL, ks 0By BRT 5 EI0 X b 386, &
e, BED3IELFRRICHECE 2/RLE-DT, T
LT 5.

*ORMAOFE L AESREARKICTTRE EMOS0F 128 23 B R4 (Received Dec. 23, 1975)
¥ SEMEEHPEAR TiF (National Research Institute for Metals, 3-12, 2-chome Nakameguro

Meguro-ku Tokyo 153)

w0k SRBHERHHER (National Research Institute for Metals)

— 8l —



1230 % &t £ 3624 (1976) EIS

Table 1. Chemical composition (wt%) and transformation temperature(°C) of the steels used.

Steel : Ni Co Mo Ti ‘ Al Mf Ms Af >
K 70 13.1 145 | 7.3 | 0.8 © 0.080 |  — — i -
K71 13.1 l46 | 100 | 018 | 006 | 69 | 215 | 833
K72 13.0 146 | 13.0 | 0149 | 005 | <RT | 9 | 847
s U9l 15.0 23.8 7.78 0.16 |  0.066 o4 222 | 830
] 1 i i J
C :0.002~4, Si:0.008~10, NMn :0.002~3, P :0.002, S :0.005~6.
"
L
E
D A% -
- VY
i
AL
Y
¥
4
~p

Photo. !. Optical micrographs of K 70~72 steels under as solution treated condition, showing
the effect of solution treatment temperature.
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a) 850°C, b) 950% P

Photo. 2. Transmission electron micrographs of K 71
steel solution treated at 850°C and 950°C
for 2 hr, showing the morphology of
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Photo. 3. X-ray diffraction of electrolytically extra-
cted residues in K 71 steel solution treated

at 850°C and 950°C.
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b) 500°Cx 4 hr
c) 550°Cx 2hr e

a) 450°C X 2hr

Photo. 4. Transmission electron micrographs of K 71
steel solution treated at 1 250°C, then aged
at 450°C x 2 hr, 500°C x4 hr and 550°C x 2
hr, showing the effect of aging treatment.
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Fig. 1. Effect of solution treatment temperature on
a) As solution treated hardness, and b) Peak
hardness after aging at 500°C.
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Fig. 2. Hardness change of K 71 steel solution
treated at 1250°C by isothermal aging at
450°~.550°C.
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Fig. 3. Relation between tensile properties and
solution treatment temperature of the
steels aged under three conditions.
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Fig. 4. Reclation between plane strain fracture
toughness and solution treatment temper-
ature of the steels aged under three con-
ditions.
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Precrack
——

a) 850°C S
b) 950°C 10K
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d) 1150%C | sop |
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Photo. 5. Scanning electron fractographs of fractured surface adjacent to fatigue precrack
in fracture toughness specimen of K 72 steel aged at 500°C for 4 hr, after solution

treatment at various temperature,
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Photo, 6. Scanning electron fractographs of fracture toughness sp‘e.civmén of K72 steel aged
at 500°C for 4 hr, showing the effect of solution treatment temperature on dimple
size and morphology of undissolved precipitate. '
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Fig. 5. Schematic illustration of the effect of
undissolved precipitate on fracture mode
at room temperature.
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Fig. 6. Schematic illustration of the effect of grain
size variations on 0.29, proof strength, frac-
ture strength and ductility at a constant
temperature.
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0.002 -
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0.2% Proof strength d (kg/mn*)

Fig. 7. Relationship between critical grain size for
the wunstable fracture and 0.29; proof
strength according to the equation d*=1.57
(Kic/00.2)2 Broken line is for the maraging
steels.
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Fig. 8. Schematic diagram of the three kinds of the
treatments for obtaining the excellent
ductility and toughness simultaneously.
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Fig. 9. Comparison of mechanical properties of
K 71 and SU 91 steels aged at 500°C for
4 hr between conventional heat treatment
and special thermomechanical treatment
(STMT).
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HO BREO 2 12 X 0 fBRALT 5 86K LELEETH
5. ZOFERTEIKHIRS A7 L, BREOE WIS
HHH3, b)) JHE L EERTEHTHNT X 28I T o fish i
BE. Fio, CoBd, MEREEFRALTV50
T, fERLSIRESNAREDHSS.

EHDE, L3 HERIVEFELOMHE: &8k
FRFIC R ET IR EZED TR D, FMIKEBITH VT
WET S ZZTRERDPEXFICXY, FOBREDK
EAELN S0y, BRI TEUOE S R U234 R
DTLATHEBIC T 5.

K71 g9 & SU9IL g%, 9 23 mm AHfichinT L 7.
DA 1250°C T 24 hr B LML T v, Hb
W4 Z OEREK X 9 13 mm FHdt (I TE 68%)
L, KRR AN, ORI TEMAIEIZ X Y, R
P RERH Imm B0 b DB, 10 BEOIEY iR
Wgicd 22 ¢ TER. Fig. 943 500°C, 4hr g
$h Lo REED HEMERIREE %, W OBNE 21T o738
HEEHELALOTHS. HENMITEwEIZ Xy, K71
ST EOIEE CIHERILMBE T 2I58 X D biaE
LREMEAME, L BB AL R o
FBEEOEEFRETHS. SUN 9T, 38E X
BB TV SATIE K7l HEFAMHCH D, Bk
3 &b & BHLABRREICE & A KR L v D Tk
T5Z LR TERW
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B, K71 S sy 2565 L mik, SRR,
245 kg/ mm2 FTHOIBNIi v —oFCcoBBRES
BERNC SR L2 DIl T d, ROV ETH
5. ZDXS5T, HFHEMISems @R sCE Tk
H, 280 kg/ mm? FIT BV TR GEME & 8l % R
5 TED T EBHLI IOk

5. &

280 kg/ mm? fR < v = — O fOEE{LE BAIE L, #
&, BE, SPRME R X OREEEM I XIS BE(L &
RESNALER DR E A ER ~, i & SR T o BERE Bt
L7z XORBREZENTHLROLEDTH B,

(1) FE5RMEBRICR I 5 0 7 EOREMEVE, Ry
FriZicsm bl < AL S A, IRICKREhiRR ik 5. &)
THREFPSLIRBEI D REL D L, EENMETTS
7o DIRISEBET 5 L5k s. LT, ZORRRE
IEEABEVIE Y, 1 Kic MRV ENhE k5.

(2) FmEEuEE (Kio) BETr R Eo7e<
®AF Lis e, BEmEmcRd Zicshd. £ LG
BRI EET 5 & K WE LS KTFT 3.

(3) mEME BT RN FORERRIL S A
2R L, BE TV O &2 RRFE T
X5 3 ODMIELH Ul

(4) o | >Rk TEMLEY:Z 13 Ni-15 Co-10
Mo $RiC R L, 280 kg/ mm? #EIC 3 W CTER TN &
WA R 5 TE 5 L FBELPIT L.

MDA EETT 5 YD, HEEEHGEZ VW
2T BT S FRETFT R AT B AR i £, S8
B RSMERASMBE L, RUE L oERICB IS
TR LT IEE O RICRMOBELRT 5.
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