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A, P EFEA—AT A N RMFGHIC I 2 A ALk O T RtE & 2 OIS RICBT 20198) L8
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B TR i, THEOREAGNCE b ) BEREM L LT, SERE T CEH SN A EORAE S
HinRo 51, $ICHBHETSMICER SN 4 —2 T 74 SR DN TEOEERE WD & 27z,
FOEAE LT, WMED P OWINT X 2RI OMHE —HrH (MDP : Matrix dot precipitation) ZMW2%5F
B, VT A XV EROTICEN SRR A S 2 R IO R L TETH Y, WP EEEER LW, %
NEDRANFIAT 5 EAENOMAN Z Ok ZFIH LIz 583 B I UORBICE s TEETHDLIZ L%
B L, AFEOBZRLOHMIZONW TR

H 2w TR b asEh & X 7 o fRRICRIE T P %) TiE, C% 1.bat. WIZEEL, P % 0.0lat. %~0.5at. %
GHTDHA—AT A MAERHER L, Z 5 OMORFIELEBNZ OV TR, ZOREE, PRI I shz
PIZ 10nm~20nm ¥ R D My,Co DIBHIIE —IZHT T2 MDP 2SR &4, £ O HBEE L P IINEOHRINC E 72
VAR U TR BRI £ 5 2 L &R L, MDP JERRICABEZ: P S0 FIREGAYEIL 0. 24at. %, £72, FOREL
HEFF A OICEIER P 513 0.32at. % ThH T L RH L. EBHIT, PITESRAR O —EIC Y At & L TERE
THLOOZOEITDOTNTHY, KEoN y BAFICEEL TCWND Z L EFEIE L.

% 3% DRINBALIIERIC KIET AL TTE (Mo, N) OB TlE, WP ZIEKT 5 P GEMICRALWIEKICE
B MAETEHAITED Mo BLX OMBEARITED N 2~ OIS L 728%2 VT, MDP OERIC KIE T D
ZHRAZ DN TRFERNCTHART=. ZOFER, Mo 1 LFESRIN D M,,Co DFTH & (252 23 MDP JEERIC &L 5 R shas (L gE
EOLMBITRN L, —FF, BAREETETHD NIT NP OB EIEET D & & b2, HlbiEr s 5
ZEERRMLE.

54T TMDP ZTER T D MyuCo IRALM DRI BAE T P O&E]) TiX, PIRINC X% MDP BRI D\ T, X
MEPTB L O3 KRITT bA7r—7 (3DAP) IZXVRET L7z, ZOfE, BEA M OBFELRIT P OEIEICE b
RV L, Py AR ICEBANCENRT D Z L, £72, 3DAP I X AEMEROAMAEEENTIC LY, PIRTEZFD
IRAFE — TR SO BB EERE LY & C NEETAZEEZHELMNILEZ. PEFOEIC C
FABEET D01, FERO/NS7 PR OBEBEFEEICZ VIR IN SSRGS & C JFOR ABIFEE
ICE VR SN AERIS HBEREVCH BIE LA 5720 Th 0, MDP OJERIE, v BAETICEEE L7 P RF23 MyC,
OBAERYA M LTEIE, Ho, WMTREOBEICE 2MEET R L X —0RICRET D EHELTND

%5 % MDP A I BT 4 Aotk (P, Mo, N) Oz TiL, P OB L 5 MDP DL & DFEREIZ K
1T Mo BE N DEENZHONWT, BERNT LD MyCy DT HRRFT LTV D, ZORER, Py /MyCo S ik
THZ L, £72 Mo & NITRINERIE D Myl THITFEE L, MyCo DREFERZ M ST S Z & 2 FEBRAJICH B I
L7z, INBHDOZ &G, AR LT MyCo 23T DK ORI X 0 Z OMMIRIEREEHERFT 5 DIX, v /MyuCo SiH
DO RFRRI~D P DIAKIZ X 5 R O EZ DB Z T, Mo & ND MyC, DM YA FBELCH A F~DE
HUZ LD MyuCy DR TEE DI LY, vy Myl R TORT I A~ THETL, #EAHOMEET R LF—
DARNEE S FH OFERRIZ L 5 R O RLEOMTNCRR 35 L2 Lz, L7zhd-> T, MDP OFARIZIL P ORI
MZ, yHE ML DA I A~y FORBNEETHD Z L 2ERH L.

Fewm [PERA—AT A MRWMEROBRSE & 0iRE] T, AIEE TORRIZE ST, P EEKD T
HOBRFFEHEZIRARD & &I, PIRINA—2T 4 SRS Z AN D SV T OA &G BRZ R
Iz EORER, BRFEMIL, DRI L 50 TOERIC L BREN AR mE T 52 &, £z, LEMR
FIZ 31T D HEMEER L OBEEZRE L, BITH (Fe-Ni &4) XIHTNi IINEAK 7 BHKE L oo b BATH
WU 2R 2 B9 5 2 L FRE LTz,

BTE TR T, AR THE LR EMAERE L.
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It is well known that phosphorus additions in austenitic heat resisting steels can lead to high
age—hardening and creep rupture strength because of the precipitation strengthening of M,,Cs carbide with
fine and homogeneous distribution within the grain interiors, called MDP (Matrix Dot Precipitation).
However, very limited experimental investigations have been carried out on the relationship between the
phosphorus addition and the MDP formation. The purposes of this study are to clarify the carbide
precipitation mechanism within the grain interiors in phosphorus doped austenitic heat resisting steels
and to develop new heat resisting steel for automobile applications through the evaluations of
microstructure changes with phosphorus, molybdenum and nitrogen additions and the existing conditions
of these alloying elements after heat treatment.

In solution condition, it was found that phosphorus atoms are occupied substitutional site in y matrix
by lattice parameter measurement, and carbon rich area is found around phosphorus atoms by 3DAP analysis,
which will be act as a nucleation site of carbides during aging treatment. This interaction between
phosphorus and carbon atom is though to be caused by cancellation of tensile strain field around phosphorus
atoms and compressive strain field around carbon atom in y matrix.

During aging treatment, the carbide morphology becomes finer and the precipitation density increases
with increasing phosphorus content. Phosphorus segregation area is formed around M,,Cy carbide within the
grain interiors. The MDP formation was accelerated by a sibstitutional type of molybdenum and an
interstitial type of nitrogen additions. The M,,C; carbide nucleation acceleration effect by phosphorus,
molybdenum and nitrogen additions is considered due to the decrease of lattice mismatch between vy and
M,,Cs with increasing alloying elements content.

From these studies, new heat resisting steel for engine valves was designed and evaluated. It was
demonstrated that the developed steel has comparable characteristics with the conventional Fe-Ni based

alloy though its nickel content is less than that of the conventional alloy.
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