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1. 2.1 SBERE
AERICHEAUCEB®NG, MESD. Fe -1 %Cr " BEAEH. Fe -5 %Cr
BEOEH. Cr h—NA FHSITRRAELHTHO ., TOHMEG, Table 1-1 IR
LicsB0TH B,

Cr @mMAKDEN L HEERUOLEILERF TS/, Table 1-2 KRLEELEDK
Fe-1%Cr AHCEMNETERMTSHA (LB CRA) . BEHEMICCr h—AN

* R X CRgfmK, %, FCHOOLGORVESEADE, mass %EnRL TS,



Table 1-1 Properties of powders.

Chemical composition / mass$

Powder C P S Si Mn Cr
A Fe powder%* 0.006 (0.008 0.013 Tr. 0.20 -
B Fe-1%Cr powder* 0.003 0.004 0.003 0.02 0.03 1.07
C Fe-5%Cr powder* 0.027 0.004 0.009 0.02 0.03 5.31
D Cr carbide powder total C:13.08, combined C:13.01
E Graphite powder purity:99.5
Particle size distribution / mass% in mesh
or mean particle size / um
~100 -145 -200 -2590 -300 -350
+100 +145 +200 +250 +300 +350
A 7.4 17.0 25.1 12.7 13.2 3.3 21.2
B 0 1.3 5.1 5.5 17.5 3.6 67.6
C 0.5 1.4 4.0 4.7 13.2 4.3 71.7
D mean particle size:4.0
E mean particle size:6.0

*: Water atomized powder.

Table 1-2 Preparing conditions of specimens.

Designation of specimen CRA CRA-P CRC CR5
Fe powder o o]
Fe~1%Cr powder o o
Material
-5% o
used* Fe-5%Cr powder

Cr carbide powder

Graphite powder o) o) o] o]

*: Properties of powders were shown in Table 1-1.



{FRBELCERNERMIHHE (B8 CRC) SLUBBUBHCFe -5 %Cr
BENEEBMERNTLH5E (a5 CRY) O=BROAHET, Cr LCOEHEN
JIS SCr 440 MMMM (Fe - 1 %Cr -0.42 %C) &h5LHOMALK, RAW, B
ABEAN, MDD Fe -1 %Cr AEHICANTHME0.D %BHEMBEL . &HKRM@
KAXTmOBWEELZ BRI ELE, SEAENERKAMESISHETIT» k. I
BOREYMAKE JO—7F 1% « 44 (Floating die) #27) 1K &> T588 MPa T
BBEUIC, EBEOSTE, Smm x 10 mmx 40 mThHo., REBIKEL 10 % A7 7Y
BEs— U IOLTFUBEREEBAEL (2RICEH L. B, Mo &% A
WEZER (~1072Pa ) . 1923 KT3.6 ksfTo ko

I, CRADEKBICOWTK, BIBEHE294 MPa &L, BHEFZLLASL
KRR (BB CRA P) blLadlMBEOHKRTHARB UK,

HE, BOLHICM O SCra40 AMEE., RO &30 mn ABMEZRBETH O,

O @Em A Table 1-3 RULIK,

Table 1-3 Chemical composition of wrought Cr steel.

C P S Si Mn Cr

SCr440 0.42 0.012 0.020 0.27 0.77 1.04

1. 2. 2 pERNH#

ZEFHE, CCTHHBICL> (ML, CCTHBROFRICE, Formaster-f #
Ak, MBAOBRIE, Fig. -V IKRLEESD, ¢ 3mx W0 mm THO., —ic
G2 mm x 2 nn ORBENBEAAEETS, S, KEOEBEE, Fig. 1-2 KU Fig.
1S KRLEEBDTHS, ARNA 7HLTARO Y RTEZEH (~1072Pa ) IKRE
SNABRE, SRANBEENBRICEL-T 1153 K, 0.6 ksA— A7 4 ~MeLD¥E., B4
DRNRETHAIIND, COLSORBRHOEKRELR. ARO Y RICRMA T S £



BrSUAKLD, FREERLEE.,. ABRAKBSINACREBENIC L > THRtHan, 2KX
YUA-F-ELCX-YLO-4—-Ka&SInd,

KB OHKNE, DTO=BROHEL L. ANEENS. 3 K/SEHENEAE.
TOTAMBKCL > T—ERETHANILEKE., AlIEREACNREIDRL, 5 K/SHUTO
B, PV A AERNIGHAS IO SLAMB IS LIV —ERETCHAILIC,
Fic, TNULOBAIEEDLGE., KRN AERMI S LKCIDHL ., mALERRE L
HADRBICLOWMBULUIL., JOXDILGHAETHEOSNIRSHAEER, 330 K/sTh
2%, GH. B LITAXPOBHLERE K., W3 KBTI KETOEBEARTHO
&9 3,

®3
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(mm)

Fig. 1-1 Shape and dimensionsof specimen.

: Adjusting micro-gauge

: Vertical shift rotary pipe

: Thermostatic oven
: Differential trans core

: Differential trans coil

I A T

: Vacuum sealed quartz pipe

: Vacuum tank

: sliding pin

I L - ST B

: Expansion detecting gquartz rod

10: Quartz pipe

11: Specimen

12: High frequency heating coil
° and cooling nozzle
g 13: Thermocouple

Fig. 1-2 Schematic drawing of dilatation detecting unit.



Programing system Automatic temperature control system

Temperature difference meter \
Standard Variable
Operator 1
voltage mV Converter .o voltage
— amplifire
generator Program & \ I source
| Sequence |
‘—’—7— _— Gas cooling Quick
controller . reset Dut
Recorder controller ury
—t ~ converter
N -
]
Dual-pen al ¢t o o4
s £
X-Y o £l e 15 i
- . '
recorder O 100 1] 500 High- Oscillation
g 38 38 frequency driver
5 ;
! 5 00 T Sood oscillator
] : = - =
- [
1
1
)
— - '
1
1
Dilatation Dilatation
detecting detecting
! circuit mechanism

Delatation detecting machine Inert gas bottle

Fig. 1-3 Block diagram of formastor-F.

REORBHS IUR 7RI, ARRGBELOKOIH, SHKHEBARTLLIOD NS
ERLI, BRSO EL, BBRHOPRBEGH KB THL, i, Cr DK
WO, XBvAo077 49— (UF EPMAERETS) TREULK,

1.3 RBRREER

1.8, 1 #Hadpons

BonlcfMad Ol ll, ZARSLCMA-AT S 4 bEENEE, Table 1-4 £
ALlcEBEDTHH, CRAECRA- P, ZAFEZISEDHIORBRENERXL
AR THD., CRA POZARE, CRAIKKARZBLIREL, SLZZBTH I,
Lo, WA —-ATF A FEBNEL. CRA -PARAEDMNSIHo I,

CRC. CROW, RERK L > THELLABTHO ., LFEMK. HBMEECRA
ERERU T I, ~AHZAEKE, CRAKEXREBNSWEEZRLUEL, NG, EFE
BEDOEHUNBZRBICHENZDE> TNHLDOTH S,



Table 1-4 Chemical compositions, porosities, and prior

austenite grain sizes of specimens.

Designation of specimen CRA CRA-P CRC CR5 SCr440
Chemical composition Cr 1.07 1.07 1.04 1.04 1.04
/ mass? C  0.44 0.44 0.42 0.42 0.42
Porosity / vol.$ 14.4 25.1 10.5 10.7 -
Grain size* 9.4 10.9 8.4 8.8 10.4

*: Prior austenite grain size (ASTM No.).

1. 3.2 CCT

BEROZBICLIHDTEREEL, TLUTRAOETRICLIOBBRBICERTNIN, &
KBADLDOK, SEAROBHICLIORENBBOICKED, N—5A FEEBERA F A
FEEHDVENRA T A PERETNT VB A PERAEL0A > THEMSE KRN S
BENSD. COY. REROBRBRMSCHSIZERICL oMM, ARMCZNE
ERTHEESNTHD ., ZRORBSHHVEETORESL . BERMEN SIEHCENRD
DR TH ok, TCT, ROLSGRETEERRERE LI, ,

BBIRES . R Fig. 111 IKRLE LD, TRTNOEBROABERRC LS
BAOHEELOEHEBT (A~B. E~F) . ZBLLDIBRBY (C~D) 8&LUZ
NSEFSHMBBT LOG > THDH, COZXBORBEHLINEBETERIRAOBRMOER
B (A~BEC~DHBVRBC~DEE~F) #ZhTNERL, ZOREaBLTD
ARER, TORE T,& T, 2ERBEELL KDL, 56, a. bEROME THAE
AWMU TCORGHETRERERDHLORYH AR LI,

Fig. 1-5 B&T Fig. 1-6 &, LAOSHRTHERLLHERBCT BELTHBOILDHK
Kebic SCrad) ZRRMOCCTHBRTHSD, RPOMTRLLDE, BBKRiG L DK
HEZEEBRTHO., WRTRULHY G, BRRKSGEO FCREERARRTHE NS,
HERSOER, HSHNCEBEBRNORDSNEBA THS, o, BIDOF, P, B



Dilatation

[
o T

Temperature

Fig. 1-4 Schematic dilatation-temperature curve on
continuous cooling to determine transformation

temperature.
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1. 3. 3 ZEERACREIZAROEE

Fig. 1-5 (A} LT B)K, TENTNCRAECRA-POCCTHETHS., KH
SHLEMGLEDIK, CRAECRA- PR, ZARAAZILEG> THHKEOMMDET
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HER—-OZEERNERIDDLEEILEND,
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Fig. 1-5 CCT diagrams of sintered Cr steels. (A) and
(B) are CRA and CRA-P, respectively.
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FENIHTELSIHICLTHI) RIABOEEBHCAEBEREI LV LD EER
bihd, £, COCEd, RROLKKCE> T, BRHEBZOHOOLEFE LA
LBBILERTHOTHD,

1. 3. 4 ZEFBCKREIARBRAOES

SCradd) C CTHhR%A Fig. 1-6 (A) K. Cr BRMABRERZICHR&ECr MCRA.
CRCBELUCRLODCCTHhE%E Fig. 1-6 (B) . (C) BLUTMD) KRULEL, IN5OD
IASHLM L DK, CRAOCCT i, SCr40 ICENESERBEIIC TR TR
WHLOD, TOERLEEERIUTH>Ic, ~FH. CRCELTCROHOCCT oG,
CRAKEXT 1S54 « N=F A FARBAEBRECIANO . Sio XA F 1 b 4B
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Fig. 1-6 CCT diagrams of wrought Cr steel and sintered
Cr steels. (), (B), (C), and (D) are SCr440, CRA,
CRC, and CR5, respectively.
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RENCRCIKERTASIKEFAMCAND, RABNEERL, X131 FREBLION
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(f) K. Fig. 1-6 IKmUlik a~T ORHERBLCZINTOHIBL TS, (a), (¢) &&
U (e)id, BRANEEIGIVIERARGHIERE (120 K/s) Twiliu, b)) L d) &
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BAFAEL., RIEEOBWSEAE. I 71540, N—FA4 hERAF A hOREBEY
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NEZBND, TCT. TNTNORROCT BESMHCOVWTEPMATERE UL,

Photo. 1-2 k. CRA. CRCHBLTUCRLHODCr KaBBETHSH, COBRIVH
S5hGEHK, CRAKSWTRCr OmHA—-THH0OKHL, CRCBLTCRD
T, Cr oARDEN, CROHKSVWTRHKELL, JOBE@mIK., Phwio. 1-2 £
RUCEBgERIE LTS, /i, Photo. 1-3 &, CROKDWT, ¥ N7 rH 4 b
KNN=TARERAFTA FHPRAITIAHOMBKECT BEMMERLLDBDOTHS,
Chik, Fig. 1-6 (D) DeDMIERCHR TSR THS, CCTN=T1 b - ANA
FAMEBCG> THWHBH. BSMICr BEAHAELS . COLDGHANETG N
Cr OmiTicEBALEDOTHLHLRBHASNTH S,

&T, Hotlomon 52%) &, MOBANHECCTHBOBRMS ., pearlitic hard -
enability & bainitic hardenability KW (HMI B ELERATND, THEDE,
HANHKFESITBAEKOI5S1I . Mn . Ni GEOEBELRE. CCTHROKE



Photo. 1-1 Microstructures of sintered and heat treated

Cr steels. (a) - (f) correspond to a-f in Fig. 1-6.



(a) CRA

(c) CR5S

50 um

Photo. 1-2 Cr K, images of sintered Cr steels

showing segregation of Cr.



Photo. 1-3 Microstructures and Cr K, image of
sintered Cr steel, CR5.
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Fig. 1-7 Relationship between critical cooling rate
as derived from CCT curves and ideal critical
diameter as derived by computation from amount of

alloying elements and grain size.
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Mo 8 (Fe -62.6 %Mo JIS fMo | 1Y) 4T RAREEHTHO . TOHAES
Table 2-1 im LTz,

Mo BMAEDBENK LHPEERHORLERFTTDL®, Table 2-2 KRULELD G
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Table 2-1 Properties of powders.

Chemical composition / mass%

Powder c P S Si Mn Cr Mo
A Fe powder¥* 0.006 0.008 0.013 Tr. 0.20 - -
B Fe-1%Cr-0.2%Mo powder* 0.045 0.002 0.010 0.05 0.56 1.08 0.24
C Cr carbide powder total C :13.08, combined C :13.01 (Cr3Cy)
D Metallic Mo powder purity :99.9
E Mo carbide powder total C : 5.86, combined C : 5.83 (MoyC)
F Ferro Mo powder 0.044 0.027 0.054 1.29 0.03 - 62.55
G Graphite purity :99.5

Particle size distribution / mass% in mesh
or mean particle size / um

-100 -145 -200 -250 -300 -350

+100 +145 +200 +250 +300 +350
7.4 17.0 25.1 12.7 13.1 3.3 21.2
3.9 16.3 25.4 11.¢ 21.2 21.6

mean particle size : 4.0
mean particle size : 0.7
mean particle size : 3.3

100 (-250 mesh)

Q 9 @ o QO oW >

mean particle size : 6.0

*: Water atomized powder.



Table 2-2 Preparing conditions of specimens.

Designation of specimen CMA CMM cMC CMF
Fe powder o o] o
Fe-1%Cr-0.2%Mo powder o
Cr carbide powder o) o o

Material Metallic Mo powder
used¥®

Mo carbide powder o
Ferro Mo powder

Graphite powder o o o

*: Properties of powders were shown in Table 2-1.

2. 2. 2 ZERH

RERMIL, siE LAk, Formaster-f #RVWTHERLLCCTHBLESCIKEKS
AL > TRmL I,

Fh. BERFONHEE PMATRNX, ZEABLOBRK OV TRFLI,

2.3 KREREER

2. 3.1 #AMO#HE
BOoNCHAMOLFER, ZARSITHA - AT S A FEBREE, Table 2-3 £
RUELEDIK, RRREEOENC MDD TIZERL T .
BEROURAMOMEBEE Photo. 2-1 KRLEk, BSEZHANKCMAOEBNY 4
LOTHHOICHL, BEXZEHWICCMM, CMCHHWECMF oA, A&NIC
ZULLELGHKBBOGHEIZAE—GDDOTH >k, COAY—-LGHBE, BRDLDS
KMo ODBHICE2BDTHD, ., CORBNAY—ORER., mSBTrLLRE
Cr MOBACHNXNTEULMS L,



Table 2-3 Chemical compositions and prior austenite

grain sizes of specimens.

Designation of specimens CMA CMM CcMC CMF

Cr 1.08 1.03 1.03 1.03

Chemical composition Wi 0.24 0.21 0.21 0.21
/ mass$

C 0.35 0.36 0.35 0.36

Grain size¥* 10.3 9.9 9.4 9.8

*: Prior austenite grain size (ASTM No.).
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Photo. 2-1 Microstructures of sintered Cr-Mo steels.
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Fig. 2~1 CCT curves of sintered Cr-Mo steels.
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Microstructures of sintered and heat treated Cr-Mo steels.

(a) - (i) correspond to a-1i in Fig. 2-1.
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Microstructures of sintered and heat treated Cr-Mo steels.
Cooling rate : 12.7 K/s.
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Photo. 2-4 Microstructures of segregated areas.
(a), (b), and (c) are CMM, CMC, and CMF,
respectively. Straight lines show positions
of 1line analysis by EPMA in Fig. 2- 2.
Arrows A- I indicate positions subjected to

EDS analysis of Mo concentrations.
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Fig. 2-2 Line analysis profiles of Mo segregated
areas. (a) and (b) correspond to (a) and (b)
in Photo. 2-4.
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Photo. 2-5 Extraction -replica electron micrograph of
sintered Cr-Mo steel made from admixing metallic Mo
powder, showing extracted particle of M/,C carbide.
Transmission electron micrograph (a), corresponding
electron diffraction pattern (b), and its schematic

representation (c).
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Fig. 2-3 Hardness distributions of Mo segregated areas.
(a), (b), and (c) are CMM, CMC, and CMF, respectively.
Numerals, 1 - 6, indicate microstructures of matrices.
l: M, 2: B-M, 3: F-B~-M, 4: F-P-B~-M, 5: F-P-B, 6: F-P.

(M: martensite, B: bainite, P: pearlite, F: ferrite.)
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Table 2-4 Quantitative microscopic parameters of

Mo segregated areas.

Designation of specimen CMM CMC CMF

Number oﬁ segregated ar§?s 660 580 1210
per unit area, Ng/ mm
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2-4 Schematic illustrations of CCT diagrams
of specimen having heterogeneity of alloying
elements. (I), (I1), and (III) in figure (a)
represent CCT curves of areas I, II, and III,
respectively. Solid and broken lines in figure
(b) show CCT curves of heterogeneous and homo-

geneous materials.
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IKERGNCEEBRIZDOTHS, LALLAARS, ZEMBIKS N TCMC ORI
T, CMMIKHRTEA> TS, BHI LN EOERAFHRICE > TE TV,
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EORXT LN TES, Fig. 25 (a) KW TN SLTCE B, ThT RIDMRE
RKBTBVLT VYA FBLURA F A FORABE Y ths, ThbL, Hilk
BRCHBHULHABICS N T, Mo BEH O LELOBRBMTEY LT Y04 hR, cle
CERDBMORBMTRAA T A MR, CE UTORBCTET 1 4 A= 4 MABNAZN
TNERMKHHEERL TS, ZIT, Fig. 2-5 (a) KLk &EDBMo BES
MR ORBOBNEER CHYHERABKE. Fig. 2-5 (b)) DLDKHED, Photo.
2-3 KRUVKBREFERE-HL TN,
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Fig. 2-5 Schematic diagrams to illustrate relationship
between heterogeneities of Mo and microstructures.
c% and C} are critical concentrations for martensite

and bainite at cooling rate R, respectively.
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OCCThmBENERBMCTN TN,

(3)Mo Hh—NRAFEHHBNR7I0 Mo BERMULEABKCSO T, BRGHEE
B, FBMo BIEZHEMULESESKH L THESRTOGEWS, CCTHRKSTHINAF
4 MAEBREL ., REBBICAD > Thi,

(4) ZEHBO LMD, Mo h—NA FREAVEABOABCO W TRITHEBRE R
HABEORRN, ARBETHICOIKHL, 71 0OMo BIEHNWICEE. TBMo B4
AnlcHa sk, BB EIRABEOHBNEENZRTH I,

(5) Mo BMBEDENC LD, COLDBRERAOHAEL, Mo ORBOREKLY
TGS, WHFRBOAMICOKEL TWHEAHBMKE> T,

(6) ChHDOERIL., BEASRAOM BEMAZLL T, Mo A—NA NHOFAH
BRTHHELEERLTND,
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MEATHMERABCL > THELKELE, TORERTE., AEAREMAEC Lo
TARSEBERT D, WMBELHSVT, BHECr —Mo HOZRERHICRETEELEK.
HICMo BRMAKOEBILOVWTRHN T HH. Mo 2EEMo B, Mo A—NAFhd
507 T0OMo BOETEMULCER RV, TORERALEEAFROLBEAK.
AEHBEES LCBWRBICT TERLL, TORR. Mo h—NA FREMICL D
&L BBBEAAND, T, 71 O0Mo HIEMOSSK., BREBRAEZIVWEOMMD
57, BHMERDICEZ<AMI LD, WThOBEBCCTHRICSNTIANAF 1 b
DERBAEHRBMICATLIIROSL LN E>Tc, LALEGHS, CRH0D
HETE, RIEBBBESALEK-> THD., BRBAEREOHIELLES LGN > I,

FOT, AFETH, ZEFHKCKREIM BH5LTCEDOREBL. X -BROMO &K
MABKDOTHRN I LKLY, BABRKLHOMEAERORUERMREDLDHOD
BRONREBLICEFBNE LI,

3.2 X B N K

3. 2.1 HBHEREK

AZBTHOKERRE, wEsmE Fe-1%Cr - 0.2 %Mo BZEASH. BEH
B, Cr h—nNA4FEH. BMO B, Mo, h—NR1 K8, 71 0Mo IS LTRRELH
Thd.

HEM LU TR, Table 31 IKRLEEDK, BEAESMNEHAVWDSHE. 8&LUCr &
Cr h—NARFBRTHRMU., Mo £&BMo ). Mo h—NAFHHBHNIET 1 OMo B



Table 3-1 Preparing conditions of specimens.

Fe-1%Cr-0.2%Mo-0.35%C CMA** CMM** CMC** CMF**
Designatlon  p. jecr- 1 $Mo-0.35%C - CMIM  CMIC  CMIF
of specimen
Fe-1%Cr-0.2%Mo~0.86%C CMAH CMMH CMCH CMFH
Fe powder o o) o)
Fe-1%Cr-0.2%Mo powder o
Cr carbide powder o o o
M i .
aterial Metallic Mo powder o
used*
Mo carbide powder o
Ferro Mo powder o
Graphite powder o o o o

*: Properties of powders were shown in Table 2-1.

*%: Details of properties were discussed in Chapter 2.

FROVTEMIBFEICEID, ETHRULUK JIS SCHA3S MBI AR AR (CMA.
CMM, CMC. CMF) &L, Mo %1 %KEMSELHDO (CMTM, CM1C.
CM1F) . 8&LTCE% 0.86 %icEMIELHO (CMAH, CMMH, CMCH,

CMFH) #R® UL,

MIEREZ . 588 MPa T\, Bk, B2 h (~1072Pa ) |

T-o1%.

3. 2. 2 RENY

1523 KT 3.6 ks

PENEE., MEETLAE., Formaster-FER W THER UKL CCTHE L > TR

Lico BH. A— AT A MMk, BOERICEST 1153 K,

0.6 ks &L 1,

I, BEnFk. FKMo OAKODVWTEPMAK L > TEEBNIKRN LI,



3.3 KBREREER

3.3. 1 #EHonE

BB ORAM OLFERE SOMA — 2T F 1 MEBREETable 3-2 K. FLRA
HIC LB OBGEROMAM CEYRMEE 0.7 K/s) & Photo. 3-1 KmLik,

Mo B%1 %BICLIEEB. CMTM, CMTCBELUTCMITFTI, 0.2 %Mo OE
CMM, CMCHLUCMF LK. SMNCEnAKEEL< RS> Mo OmATHEE
EECTHD, CORFBEBICSIHMo BEAHG. METRLEL02 %Mo ORB &
A CHo . i, CORFBROEL DL OICHHDE N ik, Table 3-3 K
Lk D, Mo BABBIKG > TWAHDIHIBL T, $LZ 3R> T,

—~F. 0.86 %CORE. CMMH, CMCHBLUCMIHOBRbBASGHEE, &
PR OBORAN 0.35 YCOBOKERNTAZL, £BMo BB BT 1 OMo
HERMOAB OB BFEPLBICES NI core HhRADONGNWETH D, 2. COR

Table 3-2 Chemical compositions and prior austenite

grain sizes of specimens.

. . hemical c ositi i i
Designation- C omp tion Prior austenite

of specimen / mass$ grain size

Cr Mo c (ASTM No.)
CMA 1.08 0.24 0.35 10.3
CMM 1.03 0.21 0.36 9.9
CMC 1.03 0.21 0.35 9.4
CMF 1.03 0.21 0.36 9.8
CM1M 1.03 1.00 0.35 9.7
CcM1C 1.03 1.00 0.35 9.9
CM1F 1.03 1.00 0.35 10.0
CMAH 1.08 0.24 0.89 10.6
CMMH 1.03 0.21 0.86 .3
CMCH 1.03 0.21 0.84 .3
CMFH 1.03 0.21 0.85 .4




1A%

Photo.

3-1

Microstructures of sintered Cr-Mo steels.



Table 3-3 Quantitative microscopic parameters of

Mo segregated areas.

Designation of specimen CMM CMC CMF CM1M CMIC CM1F

Mean segregated area

distance. 4, / um 200 210 140 120 120 75

Number of segregated areas
per unit area, i, / o= 2 660 580 1210 1850 1980 4180

FRECSTS2Mo BE. 0.3 %COARCENT, CMMBAINWIECME O core
KELUKE2T 4~5 % THH, CMCORAAETH 0.6~0.8 %BTH>ICOICHL .,
0.86 HCOXBDBE, WTFNOMo BMAHRKK SV THROANMO BEK., ALK
BULEAT 0.4~0.5 %EG>2TH0, CEOBMICLOM DIEABELLEESR
CEEDOPhbE 5,

Fe —Mo — C3nTHERERD CH0 T, AMECHOLHEERE. 1523 KIKS
D AFEERNKE., BEMo BCHIICAN > TND, LIkh-> T, CaEFPLECEK L
MO BESEOLEL ., BALRBOBNAM OLREECTSLELO CHLHEE

AbBNS,

3. 3. 2 FERHILKREIM 20OEE

CCTehE% Fig. 3-1 KmbLk, Fig. 3-1 (a) WK, WS CRULEFe - 1 %Cr -
0.2 %Mo -0.35 COABMCMA., CMM, CMCHLITCMFOCCTHRTH O,
(D, Mo BEBMIE T BICLICABCMIM, CM1CHELTCMTFOCCT
HETHD,

Fig. 3 -1 (a) &(b) #kBIHLWOENLG LK. BRERTE. TORMHZEOND
AMCHDDET, Mo BEEINSE CORABHERERL, BEALREBEINTHEGR,
Mo BOBEMICL > CCOCTHMBKHBICLINZASEEEE, BRBMNTEE KRR
WMTH-k, dhHB, WFTNORGELKSWTH, Mo 84S EEER A4 4E
B REBRICAS AN > THi,



Q) Fe-1Cr - .2Mo - .35C b) Fe-1Cr-1Mo - .35C C) Fe-1Cr- .2Mo - .86C
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Fig. 3-1 CCT curves of sintered Cr-Mo steels.

CCTHECHSUIERBUTORERKBE, AEnRORERBRBCIEIN, K
BRTONA >+ PAERBIE ., BHRARICKET S, S, CORBBAMTORSF 1+
ERBE, BRBRBOANAD LI TREL, RREROR. 406 EMARKICHRL T
WOHORITRBROBRICOEZEEZT S,

ST, HATRLIELDK. T %Mo ORBHICH W T, mATRBOMo BEW. 0.2 %
Mo DEBIEAU THY ., BB LmITRREDOZLHBNEZRbRETH > L,
=%, BHATABOHIE. Mo BASEBKGE>THWHOKCHIBL THEMML Twb,



LicHi-> T, Mo 28NS E CORIBHABBERE> THD, RARNNREL, C
DHEBICZEIN TS, i, BREEK. 0.2 %Mo OFSICHENADR > THWdHbiF
TRHGWD, TOBHRZNICHLELEL TORBEENBINL, TORRCCTHRCS
HNRAT A FMERBBED ICHDEEZBND,

COCER, MO RMNBABPTIC LW, CCTHRICHIBNA 4 MERBE KK
BRICAT . 8O0 MBELZRILIEL2000, BUEHKFAONEBLRERDGA LS
Wl EERLTWD,

3.3.3 ZERHICAEICEOESE

CEZBMESET 0.86 CEULLABCMAH., CMMH, CMCH&BXLUCMFH
DCCTHEE Fig. 3-1 (¢) KUk, CBU. IANHM EICAS<EE TS,
CEXHEMSELENABABNERLEL LGS, COCEBNMEZAILCLILLDNETD
bOW, SEEDCMALCMAHLEERINEIASNTHS., —hH. BREBK LD
CMMH, CMCH&LTCMFHOCCTHEKKE, CEZODOONREHMIC, CB
BEMUECECEIOM ODEBHAREESINICHENAZTEINTNDLEEZSN D,

ZTCT, COCEDOBEMICLHMo DIERIEEDONHRE, REMBOLHIOBRNET B
O, ~MELTEEBM BIEHN 0.35 %CE 0.86 CORAR. CMMECMMH®
EHmNIZEEO-MBE Photo. 3-2 IKRLI, BMBABCSVWTOY LT o4 S
AROOENE LS GHLBIENGHALEE OB (Photo. 3-2 (a),(b), (d),(e)) K&
WT, RAFTAMERFLTWLEBABOYLT Y YA MK, BEOBR ( 2 vol%
nital, 5~10 s ) TEHRABZHARD SN (Photo. I-2LKBWIEBEMTRLUERS) .
=7, BTEBRS LT ORUBOBBBRBOYL 7 U1 ML, COSRBBMARS
S5NGEN (RSUTRHRULERD) . 5. COBFORBRTHRABORD NG YL T
44 bE#A un-etched martensite &FES, C O un-etched martensite . LM
Mo REDGWEZTHY, Mo ORFTRAES JTCILBEABICNRITSLEBZHNS, B
HEEDEWKCLIHHEBOZLICERIS L, CMMTILSHREIC L > T un-etched
martensiteflIEDAET I, BEALELEL TGN, LML, CMMHTK., BHIEE



Photo. 3-2 Microstructures of sintered and heat treated
Cr-Mo steels containing 0.35%C ( (a), (b), and (c) )
and 0.86%C ( (d), (e), and (f) ) . Cooling rates are
(a): 115.2K/s, (b): 19.0K/s, (c): 2.1K/s, (d): 7.6K/s,

(e)

3.2K/s,

and (f): 0.3 K/s.
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Fig. 3-2 Schematic diagrams to illustrate relationship
between heterogeneities of Mo and microstructures.
Cy v 0y and (; are critical concentrations of Mo

at cooling rates Ry, , R, , and R3; , respectively.



EhB, T, CF B AHIEREKKTE L. BHIREARIGDENE L5,
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MEXTKSNT, BHECr ~-Mo MERSAC L > TRREUICE S, 8RHGE A —
U, CORMBNARE—E. Mo DEHICLEDOTHALEHEMC LI, 1o,
Mo RIMAEOHES LTCERKL> T, COHBMNAIY-HOER. d5HD5EM0 O
HOBEBICENM LD EERLEL,

ZOTAETE, Mo BIMAELGSTKCEBOENWICLDIEROREK AN EUZRA
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UMo Mo h—NA B8, ZBMO B&HNET 1 0OMo BHTEHRML., #E4 O/BICEH
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HUEHATELBROHELWSNMI TS LERAL,

4. 2 Fe —Mo —CI3nRIBHEK L8R

4.2.17 X B & B
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(a) B A A / B

/
7 A DC1 ; Mo wire [/ Fe
(Z{ DC2 ; Mo wire / Fe-0.8%C
DC3 ; Mc wire / cr* / Fe
* Gr. : Graphite powder
b D
{b) ¢ D C /
// / DC4 ; Mo,C / Fe
[:Zfij DC5 ; MosC / Fe-0.83%C
DC6 ; Mo-5.8%C / Fe
DC7 ; Mo-5.8%C / Fe-0.8%C

Fig. 4-1 Diffusion couples.
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S5ORBDOS EMIELLHBBEROKERE Photo. 4-2 (IRU K,
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i, BECS LA,
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(a) DCl, Mo/Fe

Photo. 4-1 Microstructures of diffusion couples.



(a) DCl, Mo/Fe (c) DC3, Mo/Graphite/Fe
) < ' My B -y i

Photo. 4-2 Scanning electron micrographs of

diffusion couples.

55LZ100 un ITRROBELADOLABABRRINIL, COFe MORABICH
T, fER, EEPHICH L TEAKRKL THD, K&ENRILESMHAELTHNS
BRroBmINI, o, AOESMEEFECE, BRAGLESHOHEARSHIC,

CRHEDORBDOE PMAK LB IHOKRE Fig. 4-2 IRULIc, &I, DCT &
DC3IDRmMOILEMEDFe SLTMo OFH X&BKEESEMKE LMD T Photo.
4-3 WKL,

DCIKSWHCDILAWMMIL. Fig. 4-2 (a) LT Photo. 4-3 (a) LOHSENG
LK, Fe =Moo L&MW THhd, EDSK LD EENHOKRR. COLSHEOMO &
i 55 ~ 60 % Tdhofc, Lo T COLAMHI,. FeMo, (M) THREHE
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Fig. 4-2 Line analysis profiles of diffusion couples
by EPMA.

BESYY CLpnE, Fe —Mo iBHEEN T, ZORMC EH, RAS LG oM
RBHEN, CNHOZHFOKBE., KOLH>KKXRINBHELTNS,

Wy = VE; T (4-1)
Ko = 3.09%x10 exp( -83.1 kcalmol-1/RT) cm2/s
Kgp = 1.78x104exp(-108.9 kcalmol-1/RT) cm2/s
K5 = 5.99x106exp(-134.8 kcalmol-1/RT) cm2/s



(a) DClr MO/Fe

SEM

Fe

Photo. 4-3 Scanning electron micrographs

and X-ray images of diffusion couples.
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MCaBOFEIROONGHR>TOICHL, DCIDIBHKCHENTIRE, Fe fllicH &
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COBEBRBABTHBEEZEND, £, COAHDRBENAS LUV aHERILDHO
FEECKHBCHBLTHSEEaHE. M, CTHEHLEEZSND,

COEDI, Fe —Mo DRBHKEVWTE, CHREFIZEZORMICRILDEBR
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21,
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BEROIPBIC DN TCOREGR, BHTHEL
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DEBHICEDBNE 1073 Ko 1573 KECcORERMTHY, dEBELLTMg C
EMOL,COZHARBRDOONECLEFHLEME UK, CDSBEM CHIL, BETREICHK
RU., 1423 KBLETH, BBEELHBRCHDIDSTIEE 10 un BET—E LGB
EERLTEBY, AMBROBRLEBEE-HLTHD, —FA. Mo,CHE., 1273 KUFO
BRETROON, BROETKNH > THEI DL LTND, AR T, 1523 K, 3.6
ks DIRBICHS O THML CHEEDSN, DCIIKKBSWTZO®IE 11 un KHEL T
H0., HeijwedenS OFREARZIL BB H>TW I, AMRICHITDIMBERHA N 1523 K,
3.6 ks OATHD, CNHOFEHROHEEL DWW THMEHESNMK IR LRI LETE
GH, CEDEVWCLDBOTRGNMEHMEI NS,
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DCAKSNTE, and®DC3 LAk, RMICMg CHABRENTHE, k. Fe
ficE. 100~150 un KOi->TaHEAU IS amBENRSLTaleM, CHO
R CKBMEM CHITIL T,
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Photo. 4-4 Scanning electron micrographs of

diffusion couples.
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Photo. 4-5 Scanning electron micrographs

and X-ray images of diffusion couples.



Fe (CCEBMULELDCOESNT, Mo fITK, Mg CRICEXDAESTIM, C
REALTHD. RARRLCHBL Tk, k. Fe KO TORARLKIC DI
THROWHEDHARS SN, Mo BEG 3~5 % THO, REEL T 11 ~ 12 %Mo
K> Tk, 35K, fB2BHIARESLEELTHSD., MEDZBORELECLDO
ERbNng,

—hH. Mo ZEEMO BARTRBVLEDCTIKBSW TR, RADCH ERUTHSHIC
bhdO5T, TOMHBME., DCOHLEEMEGOHRG> T, Thbbs, RRKSN T
BROM CHhfEskan, Fe IKSH S allOiE 20 ~ 3¢ un BEETHO, Fe @
ANOMo O, Fe IICCEEZATHWERDCA4 LB Gk, Fik,
Mo liCIL, Z2LDRANRK> THO, RELROEBUIRBOOSNGM >, I5BIC,
COMO IOV TXBREHFTICL > THOREETT > L&A, KBAMO, CLBG>TW
k., —8 Mo BLURHKIOC-I7bRPoNk, Fe MIKCEZFATHENWDCOHK
DNTH, BEMBEOFERIELNI,

COLDK, B—ARDEBHTH>TH, Mo RIMHBEOBNWK L > T, TOHKO
BEKASLENMELCDZIELEHBALDIE K, 86K, COLBOEEOZK., BAT
DEBOHEST, BHEROELORIEBEZIV (WDIEEZBND, CLEKHIFEE
TRARUIHEECr —Mo BOREBRICHIHMo OIBICBUL T, Fig. 4-3 KR
LickDic, Fe BIRFOBKMO BH50EMo,CHERBMMAFEL., TIIERTIR
Mo & LTCEMANGDECED. aMo BCRENAFA L. COBRBIK ST HEEL

Mo,Mo,C,
or Ferro Mo

Graphite

Fig. 4-3 Schematic illustration of powder mixture

of Fe -Mo -C system.



BB LCRIEDOEBEREAHE > TFe NAAMO DILBL THLEEZSGNS, Lizh-s
T, CORZTWESMITBLHEE, RBHCL2BHDOALGST, RELERERLEDO
ERICBLTREMMRRDYPBIL G > 1<%, TCTRACSWVWT, COROEHEAER
Al

4. 3 Fe —Mo —CI3RERIC L D8N

4.3.1 £ B 5H &

AERICHAVCKEBMARL, siELTLREk. BEGH. EBMO B, Mo h—-NAF
. 710M0 BELUTRRERNTH S,

CNEDORKRERNT, Mo ZMo h—A KB, EBMo BBV 7 1 O0Mo BT
BMT B LKL ED (ENTh series C. MBLTF ERS) BREBOHEB N Table 4-
TKAUVEEDKGDEDODKRMBEALL., GECOERK, BADLDKFe —Mo —
C3nTHRERICSNTFe — Mo, C— Fe;CTHENLABRODLOTH S,

mEREE., 68 mOSTHARNTHS MPa Tfro o, &, 1273, 1323, 1373,
1423 DKk 1923 KOZEBE T 3.6 ks BHEZh (~1072Pa ) TiT., Q5 0EE
0.7 K/sTHHILE,

Table 4-1 Chemical compositions of specimens.

Specimen A B C D E
Chemical Mo 60 40 20 5 40
composition C 4 4 4 4 3
/ mass? Fe bal. " u " W

F G H I J K L M

Mo 20 5 20 10 2.5 20 10 2.5
C 3 3 2 2 2 1.25 1 1
Fe bal. " " " n n n "




BREBORBIELATH HORTER., Co KaGaAWEXBENIKL > T,
XGOIFICERL T, SRE2HRL. pxABsARCH LI, GoHRAHGHER KON
T, OFmMAEWMEL CRRICHUEA, COBaE, 2 ED=E0, BE - cUEm
KDOWTXEE &AW, TORREEAL(RBKELIHOHONELTT» I,

GH, EFPREABICLLEEBRESGOTEEPMAKLZHOUE SR ALA, RET
MELL, BHEREH > TOENBR,. B THD ., REEZELLHOHEBEHNIME
THok. £, FPRWRETHELSH, C<HTNLHFHIBMETADHRE ., ABO
R LS T ERORREMC U A TFRINDEEAE IR CDOHARDBND, &5
K, CRSOHK., BMCAHLTHY, T0SRBETRITA LR, ELIAHMTH
st CORS., BEBRORBCELIZHONEE., XBOFOBROKRK Lok,
YThbb, ARBOZHILLAZXBENK L TRHEHTELHOAY, TORBCERTY
HREUTHELE,

Fe —Mo —C3nT@RENOBMAE 1273 KH LTI K aSamme’
% Fig. 40 KRULEK, 3k, ABKCANCRABOERIBARIKICRLE, COVSE
RERCLDE, ARRICHNWCHEBOEBRBMICSWTEEAPREINLGHE., (7 -
Fe ). (a—Fe ). FesC, My3Cg » FeyMo G Mg CHEUM, CTH S,

XBEHC LDMORTCEEL T, ZOEFAGL, ASTHI— FICREINTWS (a—
Fe ). FesC. FeyMo CHETMo,CIKDN T, ZhTh 6-0696 | 6-0688, 17-
911, 9112 HLT 11-680 DWEMN G, Fh, ASMI— FICREEShTWEW (7 -
Fe ). MyCp 8LUMg CKONTH, ZhZThDurnin 528 pearson®® s 4 v
Fraker 5°9 (C k& MOE,

B, FesC. MasCe « FEMO CHBETMg CKOW T, ZNZROBBK b
THRAEMKE 1523 KT 10.8 ksELZEdCMALLE, 23 KETRAL, &bk T
DJEET 10.8 ksHREBRPHLUELABKCOVWTIXGBN ATk, ZOERE. WFNnHE
HORBEEONGM > IH, TOFELGE -3 EOfALE LB LI,

COLSKLTRDILZNTOMOBEF A% Table 1-2 KL &H TRLIE,
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Fig. 4-4 Phase diagrams of Fe ~Mo -C system43)

and chemical compositions of specimens.

4. 3. 2 KRRERLEER

XBOFOHR., AMRCANLHRRBAGSTCREFHORBCEAIRSONL
Hik, (a—Fe ), FesC. FeeMo C. Mg CBEUM, CThHokt. TERER
DEMBE, (¥—Fe ) OFAHNTFRINLHS, AMROGE. MARKEENSOH
HARE N ERAEN S, BIEETORFTREILLD (a—Fe ) EFesCKERL,
(r—Fe ) OGEGHROENGH>ELBDEEZBND,

XBEEHOBRO—-HFE Fig. 4-5 ~9 IIRLEc, Mo BRINSGEOBESL S TICNAR
FHREOBWICLIBROVEELGZER. Mg CEMLCHERTINMLENDNLNDIRICH
NIV, TCT. Mg CEMRCOE—ZKERL (RIZOXEEITRBICHALMZ
o (BUF XBEFEER Mg COC—2%2V, Mo,COE~27%2@TmUK, )



Table 4-2 List of X-~ray diffraction angles for each phase.

26%* Phase h.k.1** 28% Phase h.k.1**
40.2 Mo, C 100 57.3 My 3Cg 440
41.1 MgC 331 57.8 Fes3C 122
44.1 Fe;C 112,021 57.8 Mg C 442
44.3 Mo, C 002 59.6 (y-Fe) 200
44.5 My3Cg 420 60.1 My 3Ce 531
44.9  Fe,MoC 241 61.1 My 3Ce 600,442
46.2 Mo, C 101 61.5 Mo, C 102
46.3 Fe,MoC 701,340 64.6 MgC 622
46.5 Mg C 422 68.4 M53Cq 622
46.6 Fe;C 200 70.3 MgC 551,711
48.0 FejC 120 73.0 Mo,C 110
49.0 My3Cg 422 76.5 MgC 553,731
49.1 FeyMoC 613 77.2 (a—-Fe) 200
49.5 MgC 333,511 82.5 Mg C 733
50.4 Fe;sC 121 83.1 Mo, C 103
50.7 Fe,;MoC 043,234 83.3 MgC 644,660,822
50.9  (y-Fe) 111 85.3 M53Ce 800
51.4 Fe,MoC 025 86.7 Mo,C 200
51.5 FejC 210 88.5 MgC 555,751
52.2 M,5Ce 511 88.6 M55Ce 644,820
52.3 (0~Fe) 110 89.5 (Yy-Fe) 220
52.6 FesC 022 89.6 Mo,C 112
52.8 FesC 103 90.9 Mo,C 201
53.4 Fe,;MoC 810,150 91.0 Fe,MoC 109,547
54.0 FesC 211 91.9 M53Ce 660,822
54,2 MgC 440 94.4 M5 3Cq 555,751
56.6 Fe,MoC 820,006 94.6 Fe,MoC 628,129
57.2 FesC 113

* Diffraction angle, 26 / degree.
** Miller's indices.
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Fig. 4-5 X-ray diffraction patterns of
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Fig. 4-6 X-ray diffraction patterns of
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1373 K for 3.6ks. ( e@:Mo,C, v:M,C)
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Fe-40 3 Mo-4 $ C compacts sintered at
1423 K for 3.6ks. ( e:Mo,C, v:M,C)



01

Intensity ~ arbitrary unit

(a) Series C

(b) Series M

P S S S N N O T T T SO N S |

(c) Series F

[ SO O N S0 N R N [N U S T M T Y A S N T T T N O A N

40 50 60 70
28 / degree
Fig. 4~8 X-ray diffraction patterns of

Fe-40 % Mo-3 $ C compacts sintered at
1423 K for 3.6ks. ( e:Mo,C, v:MC)

Intensity ~/ arbitrary unit

(a) Series C

IR VS YN OO T T T T T O U Y WO O T 0 W T W O S R OO

(b) Series M

; (c) Series F

I N N S S S B N G A T B A B AN AN G B I S AR I M A IS |

40 S0 60 70
26 / degree
Fig. 4-9 X-ray diffraction patterns of

Fe-40 % Mo-3 $C compacts sintered at
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Fig. 4-5~7 &, Fe -40 %Mo - 4 %COREH. BO 1323 . 13713 $&T 1423 K
KHTLHXBEMETH S, 1323 K (Fig. 4-5) KBV T, Mo h—RA1 KB %
Wiz series CORBTEMO,CHEAL. M CERROSNEM -1, EBMO B
Wic series MOBBI T, Mo,CEM, CHARKERLI, —/. 71 0OMo xRV
Ic series FOBBI TR M ;CRROSNIH, Mo,COFHRHRTCEILho I,

1373 K (Fig. 4-6) KKx5 & series COMBICEANIROONICHIZ. 1323 KO
BachkThoIlc/h, series MTEM ; CHARDOENGE G o1, WK, series F
TCEMO,CARDENE LK Eot, 1423 K (Fig. 4-T) K> TbIRBORBIC
FHIDHEE. 1313 KOBALRUTH >,

DT, Fe -40 %Mo - 3 %BCOMB., ED 1423 KS KT 1523 KICH T HXKMO
FO®KRE Fig. 4-8 SLTI WKRUL, 1423 K (Fig. 4-8) T, WFNhoO series
DRBICHNTHMO,CEM COFRNREBIRD NI, 1523 K (Fig. 4-9) &
35L&, series CTUM ,COFANRDENGL GO, series ME series F T
123 KOBA LR, M CHRERL T,

COLDRKULTKRSDI, TNTROHROABICELRT HHE, FEECLICRERLE
ULTARULEON Fig. 4-100B1METTH2, GH. CNHSORICHWIERES % Table 4-
SKEEDTRLI, &, B «Hd, BRBATKCLIORBERORELRLTHO,
i, BBEAREISETREVARBNCKELERARDONICDO, »d, BE%E K
KL TRHBDRBLIEDD, » B, BRERL. RE2VRKG>LBOERLTY
Do

CNHEDRERNS, KOENEBN Gk, Thbb, AZRICAVEABOMA
RERKC ST H52EHEOLRE, 1323 K& 1373 KOBORETE> TWS, hik,
BERBGCSTIKREEZEC TWRAREBRAMSEZ T, Fig. -4 IRLCPRRER
KH#d (r—Fe ) —Fe,C—Fe,Mo CI3nitRBE. 1358 KTORMERTHD
EEZBNS, Fio, BHOERU TV HHREHE ., BEOLHCH > TEMo KCH
KIARD, H—RBETEEULES, Mo h—NA FHTMo #FRMULL series CK&
DD B DK LAY BHIE REHABEMO BCHKRA> T b,



¢l

C content / mass%

[ (a) Series C

6_

L0 O o

rQ

2.-

Fe 20 40 60 80 Mo
51 (b) Series M

r_

LIO @ ®

r®

2._

Fe 20 40 60 80 Mo
6+ (c) Series F
LIO © ©

rQ®

2r

Fe 20 40 60 80 Mo

Mo content / mass%

Fig. 4-10 1273 K, 3.6ks.

C content / mass%

(a) Series C

°l
W4 4

TS
2_
Fe 20 40 60 80 Mo
6 (b) Series M
A% 2 R

.¢.
2_
Fe 20 40 60 80 Mo
6L {(c) Series F
o+ +

9
2_
Fe 20 40 60 80 Mo

Mo content/ mass %
Fig. 4-11 1323 K, 3.6ks.

C content / mass%

Phase diagrams of Fe - Mo - C compacts.

6+ (a) Series C
4'& _¢_=|=** ek °

¥ ¢

ik X |

. @ @

Fe 20 40 60 80 Mo
5[ ({b) Series M

-

L & e

o o
2r 9@

L o ®

Fe 20 40 60 80 Mo
5}' (c) Series F
4# ¥

4 o
29 @

L-o‘

Fe 20 40 60 80 Mo

Mo content / mass %
Fig. 4-12 1373 K,3.6Kks.



¢!/

C content / mass%

6_ (a) Series C
L ok

é‘i &*
2f

Fe 20 40 60 80 Mo

6 Series M

4 ***Qa_ok.
¥ o

2f

20 1.0 60 80 Mo

6 (c) Series F
I oAk gk gk
4 {b; ok -¢F .
Gl S
M

B

Y

S i

Fe 20 L0 6
Mo content / mass%

(o]

Fig. 4-13 1423 K, 3.6ks.

(a) Series C

6

R

4e ¢

{

pe’

Fe 20 40 60 80 Mo
o (b} s i M
°'.\,, 6 erliles
4
A S S
T 2447
S be®
8 Ll 1 L ] 1
S Fe 20 40 60 80 Mo
© 6 (c) Series F

LIETET &
.q;:"‘*di**
#E
pe?
Fe 20 40 60 80 Mo
Mo content / mass%

Fig. 4-14 1523 K, 3.6ks.
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Table 4-3 Symbols used in
Figs. 4-10 through 14.

Symbol Phase
o (a-Fe)
CI) FesC
© FeyMoC
0O MgC
o M2C
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KD EMS, Fe —Mo —CRAEEMNAROBRRHBREL SIS Fe hADMo DL
LT, Fig. 4-15 KL ELDE, ZOOBBHEZONS, TO—DOHE, (17—
Fe ) —Fe;C—Fe,Mo CEnBKLHDRMAERENL THMYT 8K (Fig. 4-15
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Fig. 4-15 Schematic diagrams showing alloying paths

of Fe - Mo - C mixed powder compacts.



N=NRAFHTEMULELSBSE, REERENUICEBIZENTHY ., EBMO 155
W7 T OMo BTHEMNMUEEA. Mg COBRE#HSBERIIENCGESHEERLT
Wb,

WAoo, REABRDEVTTORBECARSZLGEBE5HCH. TOKRH
BHELTKHATHEBERCEL TW, A<M5@RGHEMNMTITDONR, TINIENELRHNH

P CekiMo |, MOFBELARTAD—-D CHO. Fe —Mo —CROK

éu
LT, REY Kuo > Canpell 5 °° 202 < OBESR DD, —5H.
TORYFHRECETZREE. WREVEN 7. FHEASRERO I 1 — &

@ U ORRBICHS T 1970 ERASFMETELESCKREREAN TS S8 60

Chatfields °? Kk B e, MO,CHEBTKM ( COERAMT 2+ —id, ZhZHh
KDEDILEKREIND,
o MC Cop O o graphite _ B
Gﬁocl/z G = 1/2°G = -20439 - 8.987 TJ/mol Mo (4-2)
o~ MeC 0q O o~9raphite = -11467 +1.957 TJ/mol Mo (4-3)
GMoCl /6 - GMo 1/6 GC

CNBEORADSHLNMEEIK, ARARIZALF -, Mo,C, M CHICADKAE
GixE>THED, INHORIEPHIELRETCHDCLERL WD, i, ThT
NOABEHIZLVY -F#BECHL 7OV bFHEFi0 4-16 DLOKED, CON
FORASENGLHKC, HEMTEM ;COARBAIZNT—HAMEL . SRAITERIIC
MO, COEBBERIZLVE —HBMNEL{hE>THD,

BESERBORLBEL, FITHEREOBENRZTHL, FEREBEOLERBHRI XL
F-ORCHBTHERTELENOA, Fig. 4-16 DAL, Fe —Mo —CRATH K
DOJREKLSNT, Mo ZFBEMO BIHH 071 0Mo BTHERMUEBES. RREAEDOK
BRTM g CHERIN, SHKEEBEHALRLUTHIOM  CHFTFHREBEDO I T HK L1
EHEREILHZDHOTHS,

g, COEOEMO EMBEDENKLIBBBBOBEEEADI LKL T,
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Fig. 4-16 Free energy of formation for M,;C and MgC
in Fe-Mo -C system.59)

Mo H—NARBTEMIDE, BEARENLUIKEEEZE > TMo OILBAETTL, &
BEMo %507 1 OMo I TMo ZRMId&. M CRILMODAERAN LIt E %
EO TIRBAENT T D, LKA > T, REDBA, TOPLIC core &L TM  CHER
dNS, T, MBEOLHNRBEEAREBNZ L, IBHEHEINL DD EEZBND,
ABIK, CEAZLHLREARBABA,. Mo 2&8EBMo B A7 1 O0Mo BT
HZMULBEKBNTOM, COERBROSN T, CORBLE KB OEMA TR ORHE
KESLIcEEZABNS,

N
N
i
il

BRI S DM DIBESBREEHASMCT DO, Fe B, Mo &, Mo ¥,
MO B—NAFBSIUERNNERAOESE CHRBLL, ENARICLDBBRNERNT
Wadafiofk, &5, Fe =Moo —C=ZnRKDVT, Mo Mo h—N+ N, 28
Mo BI& 207 1 OMo BITHERML, Fe Fe,C Mo, CTHERAREOEZ DH
RICHEULEMKRORBBRECHSY AR ERAN, RENNBH 4T, B85



NEEREBEHNTD L, KOEBOTHS,

(1) Fe /Mo OBBNTR., CHELTEH L, TORMICKREMELEZRL . Mo DO
B EHES NI,

(2) MOCABARHLZNEMO BIERRAMEMI,CHRICG S LOBRBBUIIERK L,
Fe T#HHhd 2z idFe - 0.8 YCHEBR ORISR, M—EHKOERNTH
> THMO,CHERWCHEAOANBL Mo OIEBNAEESI NI,

(3) CONMOREDOLZL, BMETORKROALST, RALBROEKLLRIEEBES
T TWndEERZLND,

(4) REMNPBREOSERFe —Mo - CRAENBOBRBEICH T S Fe hADMo
ORMEKELT, (7T-Fe ) —FesC—FeoMo C3nHBICL2BHDERENL
THBIERBE. Mg CRIEMEBRL. COREDENL THRRIT 2BRO - ONE
Abhsd,

{(5)Mo Mo H—NRA B TRMULILLEEKE, RELRENUVCEBRIASENCS
B, EBMe BHLHNE T 1 0OMO BITMo 2FRMULEBER. M COREREMN D &K
NN EDHEEROBND,
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5. 2.1 HREREAE

AMBECHCKERRNG., BESNSLICARBENTHD, ZOLFHRS L CNE
A Table 5-1 IKRULK,

FRE A, +145, -145 +250 SLT -250 mesh (Z TR >105 | 105 ~ 63 H LU
<B3 UM ) KDV L, ZNTNONEK DWW TRBRORRKRENS. 0.2, 0.4 &
K08 %EhHEDBRUNKERMBEA LI,

MEREZE., JSPH BRES|RDUMBHENEZAHN., RRKBNEOENICLSTRER
DRABHOBEARCIKES LD, 578~617 MPa Ciiok., G&H. BBIKEL. 10
%AT 7Y VEBEH - FUIOLVIFUUERE, BRALLERICRHELE,

BRghik, 1523 K., 3.6 ks, BZEth (~1072Pa ) TV, WEBPEH LK (THHH
W 0.06 K/s)

Table 5-1 Properties of powders.

Chemical Particle size

Powder composition distribution
/ mass$% / mass$%$ in mesh
+100 7.1
C : 0.006 -100 +145 17.0
Atomized P : 0.008 -145 +200 25.1
Fe powder : 0.013 -200 +250 12.7
Si: Tr. -250 +300 13.2
Mn : 0.20 -300 +350 3.3
-350 21.2
Graphite purity mean particle size

powder : 99.5 : 6.0um
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Fig. 5-1 Shape and dimensiong of specimen.

5. 2. 4 BhER
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WARE, 7—2BNEEC KL kDL,

LH. ABECHOCENARED, RREOASSCHBESUPTOREHBICS
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MUK EDKE, 2700 —BEHEBERBIC LI > TCORLVABLUDEZUDHBEHMAY K (F)
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Fig. 5-2 Schematic drawing of fatigue testing machine.
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ARBOBHEAEEVE BB (UFSEMERRLTSH) THEL, EBMICRAL
fco &fc, ABRR®WHMBMELARBBCRELL,

5.3 KREREEE

5. 3.1 #HAMOHE
BoNICRANOBHEL ., Table 5-2 I bLlc, BEE, BERBNEKCIMDDLTFL
<G> TWEM, [LOMEER, RERHNEICL > TRLGY, BRBRENMNSE
BICULEN->T, 3hGbbAH,. BHM. CHOBICRIANMNS L, BLamlL i,
HEitfisid, RRAORS LI LEHBETHD, WINOABILSNTDH 7154~ - N
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Table 5-2 Properties of specimens.

Series A B c
0.2 2A 2B 2C
e an o 1c
8Aa 8B 8C
Particle size of Fe powder >105 10563 <63
/ um, {(mesh) (+145) (-145 +250) (-250)
Compacting pressure / MPa 578 598 617
Density / Mg m~3 7.05%0.05 7.05+0.05 7.05%0.05
Porosity / vol.% 10.4+0.07 10.4+0.07 10.4%0.07
Mean pore size / um 8.8+0.06 8.2+0.06 4.6+0.06
Mean free distance of pore / um 79 +0.5 74 +0.5 41 +0.5
Grain size / um * 29 #0.2 25 #0.2 15 +0.2

*: Ferrite grain sizes of specimens containing 0.2%C (2A,2B, and 2C).
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R, SRRK Lo THMAND, Lo T, COMBONRK &0 Bk ik DR R
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5. 3. 2 #HMsIkNE
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Fig. 5-3 Static tensile properties of sintered

carbon steels.
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B, Fig. 54 Kiph— 0T RERERLE, BHBCSVTH. 0.2 $CHLT0.4 %
CORBEBO T, RBARMOBRRRE L EUOBHOETHLVREBARSNL
(Fig. -4 am) .

—RK. BRHMOBE. COBRRMTCOBEKSVTRHR—ETHY ., ZOBHE,
BREENNIBDEEH LS, dic, CORRBUDASI BEERBCKEL.
BREANSCEBLUER> CTASL GBI ERNSNTND, )

BEAOBE . CORRBUCHEIZBAKSNTORHRIALTISEYD, ZOLR
OREE. AMEOCHOANRASN >, ZOBRE, BRA (am) OBHL, BEE
HECHADPDSTEEFLNA, BREOTHSMIBILAEABTISDEOBAK. C
MTENE LA EAERLE,

CDTER. ROEDIKEXDIENTES, COIDIGHHOBRE, [ LD
HEDPBTED, [ALOASS, SABOTHEMCERSH> (b, BLOGABRIR
UTHD. ZORKHHBEABUNTHNRE, BHEPOREERL THHLEEZSNS,

500

400

300

200 +

Stress, 0 / MPa

100 ¢

Strain , ¢

Fig. 5-4 Stress - strain curves of sintered carbon
steels. Arrows A, B, and C show fractured
points of specimens, series A, B, and C. Slant
arrows indicate pusedo yield points, (a), and

general yield points, (b).
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Photo. 5-1 Macroscopic appearance of

fractured sections.
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Photo. 5-2 Fracture appearance after

static tensile test.
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Fig. 5-5 Apparent porosity in projected fracture surface.

(i) : Initial porosity of specimens.

(ii) : Porosity of fractured specimens.

(iii) : Porosity of fractured specimens
in the vicinity of fractured surface.
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Fig. 5-6 Schematic diagrams to illustrate

measurement of porosity, (a), and
models of pore coalesence, (b) and (c).
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Photo. 5-3 Microscopic fracture appearance

after static tensile test.



(a) Tear ridge (b) Dimple

(c) Lamellar dimple (d) Tearing off of
or midrib dimple cementite plate

(e} Cleavage with (f) Cleavage
inter phase
separation

Fig. 5-7 Schematic diagrams to illustrate
microscopic fractured appearances of
sintered carbon steels. (a) - (f£)

correspond to (a) - (£) in Photo. 5-3.
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Fig. 5-8 § -~ N curves of sintered carbon steels.
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Fig. 5-9 Normalized S5-N curves to reveal
relationship between ratio of stress
amplitude to monotonic yield stress,
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failure, U.
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Fig. 5-10 Positions for fracture surface

{mm)

observation and measurement of apparent
porosity in projected fracture surface,
and sectioning of specimens for micro-

crack observation.

SEMK LHWHBRERO—H% Photo. 5-4 KiRLK, HEROENABRTE, B
ROKEENSHOGETRETHL2RADBCSVTH, SNBEBRICL2BANIRDS
N, BRNICIEREHTCO, FNHRERCLBRNRELNI,

CCTCL AP TAI—Vary®d0nRAM A I -2 a  REEARDBNE L DG,
BHADLHDBRUVICHIBL THEABERSN TW LB 4B NEEER (cvclic fracture
mode) K LBMWM, icT SN, AESRGEHBSIRABROBAKESNDE L DG,
BB B L WRBBIC S 2WE S RO NGB, BHCORLNO—H
OBIROBHICE > THRELICREZ LEX . BNWIRER (nonotonic fracture mode )
KEHBBEEMRICEKLT D,



(a) 2A low cycle,case (b) 2A, low cycle,core

. .—.
Direction of main crack

Photo. 5-4 Fracture appearance after fatigue test.
Arrows in fractograph (c) indicate microscopic

crack propagating directions.



I, WHBROARF WA BEUICKRRO—M4, Photo. 5-5 IK/RULIC, Photo
5-5 (@) K, 0.4 %COCHM. ACOERY A I LVENRBHEICROSNICY 7oy 0 TH
D, [ILERILEDNRA FRODVRBESRIRICODGHA > THERAETL T, Ch
. MABEEOSEREMNBL T, REROBENBEBR IS TRNS R EHFOBIRBER
AEMATDHEERL TS,

Photo. 5-5 (b) K&k, 0.8 %XCOCH. 8CO@EY A 7 LN lk Tl LI alkl O
HEhsrSHLLENLEEORMARLIELDT, [l EEDLILIDLGRTEIRN
RSN, £, [ilhsdARERmBAmS>SRbEDSNI, ChHDERN, ®AH
RICKANSDEIREDLA> TWHOTEEL, TRENVMY L THFALTNEHLOT
HbH ., ABEMBLEASERI HAMICGERL TREIH LI L THEDDI,

(a) 4C, low cycle

Photo. 5-5 Sections of fractured specimens

to reveal micro-cracks.
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Fig. 5-11 Schematic diagrams to illustrate porosity

of specimen (a), and apparent porosity in
projected fracture surface of monotonic fracture
mode (b), cyclic fracture mode (c), and mixture
of both modes (d).
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Ppp = 1.21.p2/3 (5-2)
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Fig. 5-12 Apparent porosity in projected fracture surface.
(i) : Initial porosity of specimen.

(ii) : Effective porosity after Eudier's mode186)

VT fo &RkDBE. Fig. 5-13 DLHKED, LG, 0-1) AT, <ORUEB
HDFTHUHMNBEBBEHNIEXRCSIH2HBERBLARUCTH I LRELTY
%, Flo, Pap& LT, (5-2) ATARLEH - IKAMULLKRRAKCH L TEMNICESY
MNTHREH, KBCERABRSLCOMEROEBERISTHSD, LIEH> T,
Fig. 5-13 KL, BT LLEBELDOTHHLPEEALWN, COLDGRES
LTOBUTOBERBERDUDEEZBND,

Fig. 5-13 KLk LD, ERNUBEERREROBNBmEE ., {9 7 VENHAR
T 0~ 10 %, BYAVUERBEETR 15 ~ 30 % Thok, —hH. ABHXEIBT
DENEmEL. B I2LVEROBE 40 ~ 60 %. YA 2LENICSHVTH 50 ~
80 % THoic. WHhZdE, ABRKRAMOSIBERAMCHSNTD, BY A ILEN
DHEA 20 ~ 50 %, B Z2UENCENTE 40 ~ 60 %BLOHMBEEBEERIC LK
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Fig. 5-13 Cyclic fracture area calculated from
equations (5-1) and (5-2).
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NHEBERIC L > (BSKOLGHAZOKHL, CHTE., BNBEBRCLOISROER
PR THECLERTODLEEZIOLND,

COELOG. BRRANNEOENCLSENEREHOEN ., [AOTHEEROEICKEA
T50H0, BMEBOHEOELLZONMIHASHATHENDS, COBAFOBARL, 5
EHRORNBREHLRN TS LT, HNSIRKREDELERNISHEEG LK. HhHE
FREGOES,
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NABRETY, MEROEEHEEHICRE I LA LEHEBOEBICONT, F&ULT
ZTOWMERICEBL TRFELELE, BONKERAERNTRE, KOEBOTHD,
(1) BERMOBmME ., ERHICLEZY XU 7D LEVTRNTEGRAEMERL -
KHbOTHBMN. TOMBRNKRBIE., T« TANE—VETHRELCERMNEHDOTH
2,

(2) il EKCRNSAAONE. abb6MEOZAFE, WHBHFMOBRER,
BFPRINDHLDBLLAS DI, COBMEDZARICKE, 2l OO 2y
JBOMBMMRBEBIANBMINTNDLO, REVMBOBEXHLH/REIL LT DO
REEENES,

(3) MEMOBNHRL, TEHWHOTADLSENESADBEL, CNES5OEFREDL
CEOKBNHRRERO LV UBENHRBRICL > (FERPERL I LK LD E
EF AT (T

(4) MERMOBENAH@EICK, RFNWRERCLOMMEHNEREBRCLSBmART
LTW, 36056, ERBKIENSZERRB CHLMBRAXAMBICS O THHIW
RERBCLHOBHAROSN, BEROICEERERBTHOEBRA PRABTOENBIRER
KL HEmARDHNI,

(5) BMEEKERNSGZBARICL>T, CORNEIRERICLSBMEHOBIRERICL
LPBHDANEGEWTEI D ENTE, COWHEOBAROME L. BEH R ORNHIE
EHrBRNIDLETANGFREGVES,
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0B 65 Berh Cr - NMo #h D ES Bk AV T B

o
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B
il

BECSHNT, REROBBRANEL, SAOEBOALGS5 TEAMEBRORAARHR
FIKBDLEHOLTEZBERZTDCELAWEOMI UL, ik, BNSIREERHLESVTCE
NEEFHICREITHEHENANFOBEBLE., BOLKCERDIRILOATE. 5 b58Mm
LtOZHARKERMEINS LS. COWHEFOZAFROMEL. REMBOREHEF 4
BRILLETHENGTFREGDEERLL,

—hH, B2&E, BIBELBOT, |BECr —Mo REBARK L (HRELLES,
Mo RINABDEVICEDZNENTHRNGEEBHEBHIEONSLEWHEMICLE,

ZTCTAETHE, CNHOBRICEDH T, BFECr Mo MOBHMANBECREIH
HEABNATOREBLZHOSNAKIZLS, BEAENEHNCETAKLL2HRES UK
Mo Z&BMo B1. Mo I— AL FBHLZVET710OMo BHTRMUKLREARK K55
IKRNBEMRL ., #SIRRREBENARETH, TOWMBE. B LOZARESH
ERERICEHUL R LI,

IHK, TOREBEFHLBERNUEOBREZNUSNMCITZDCLICELD, EARK LN
BASHMOMEREDLOHD—DORUES2B A M1,

6. 2 X B H oW

6. 2. 1 HABRARH

AMBCHNCEARE, B2, FEIFSLCBISZ LM, BEEMN, Fe -1 %
Cr - 0.2 %Mo BEAEH. Cr A—NAFH. ZEMo B, Mo h—NRA KK, 71
OMo B LURRBHHTHD . TONESMS L TILFEEK L Table 6-1 IRL,
CNSDERBH%E, Table 6-2 IKRUKHAE TRAL. SEBOAMRH JIS SCHA3S
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Table 6-1 Properties of powders.

Chemical composition / mass%

Powder c P S Si Mn Cr Mo
A Fe powder* 0.006 0.008 0.013 Tr. 0.20 - -
B Fe~1%Cr-0.2%Mo powder* 0.045 0.002 0.010 0.05 0.56 1.08 0.24
C Cr carbide powder total C :13.08, combined C :13.01 (CrsCs)
D Metallic Mo powder purity :99.9
E Mo carbide powder total C : 5.86, combined C : 5.83 (MosC)
F Ferro Mo powder 0.044 0.027 0.054 1.29 0.03 - 62.55
G Graphite powder purity :99.5
Particle size distribution / mass% in mesh
or mean particle size / um
-100 -145 -200 -250 -300 -350
+100 +145 +200 +250 +300 +350
A 7.4 17.0 25.1 12.7 13.1 3.3 21.2
B 3.9 16.3 25.4 11.9 21.2 21.6
C mean particle size : 4.0
D mean particle size : 0.7
E mean particle size : 3.3
F 100 (~250 mesh)
G mean particle size : 6.0

*: Water atomized powder.

B (Fe-1%Cr - 0.2 %Mo -0.35 %C) £55L>MALE,

MAERER., JSPH BESEROMBRAASMAHBAL T, EBROBEEA, AR HENH
DEVKEISTALCKESDLD ., AEHEMVLCMAT, 608 MPa . BAKIK LS
CMM. CMCHLTCMF TR, 588 MPa Tfio k.,

Gefhik. 1523 K., 3.6 ks E178rh (~1072Pa ) TV, PALK,
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Table 6-2 Preparing conditions of specimens.

Designation of specimen CMA CMM CcMC CMF
Fe powder o) e} (o)
Fe-1%Cr-0.2%Mo powder o
Cr carbide powder TN} o o

Material Metallic Mo powder o

used¥*

Mo carbide powder o}

Ferro Mo powder

Graphite powder o o) o

*: Properties of powders were shown in Table 6-1.

6. 2. 2 BNHE

BNARARICHET 2, R OXRAREORZBLREATDILDHIC, BEROABRT 21T A
=R —/8— (#180 | 600 . 800 d5LTF 1200 ) THHMICHEL, BUBIHLL,

BRI, B2 (~1072Pa ) . 123 KT 1.8 ks A—AT A MMeO®, =B
OWHEE. 94606, A P, B: PaOBHSBTRE., C: PmOmAlIcrLd
VHAERMH B ECLBBABM, KLOBMUIL, THREE ( 1123 KH5
713 KX CTOEMIA) . ZRENRA: 0.06, B: 2.5 LUV C:12.7 K/STH o,

LG8, FAROCC THEE Fig. 6-1 IKRLIc,. COCCTHIREK, B2HKEHNT
RKDIcHOTHL, Bh (A) . (B) BT (C) &, LRORBRABIC LIRS
RLTWS,

BHEROABNEE, ARECELC THDODNTHL, MRAN—ROEUVABRA—-RNT
Db, ULhLEHLRS, JEFALREROBS . RANKERLU CRAABCRANDN
REL. TORAIPHNHETHD, ic. IZFARIITHRDELEND L, FHRER
2L, W—RUYRF VI r VORBERHC T DL, BEROBNBCE, 2L OMEA
B&Hs,

ST, BmEMHE, RREBRCEVWETHRELTV., BEBOMIZRPRICELEDD
LOREENS, o, WEROKEE, BE 1373 15 1523 KOFBTIIbhS,
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Fig. 6-1 CCT diagrams of sintered Cr ~ Mo steels.
(a), (B), and (C) show cooling curves of heat

treatments A, B, and C, respectively.

Lich> T, BERKO THAUBAT OO TREL . MERENSORHEREELHWET 2
CEREDHBKBUKEBERLCLHTENG, TENKOLRDTENTH S,

REDESGHRAMS KRR TEBLBLELU T, A -AT7F A FEMS OB INRE %
HETHHRERAI,
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6. 2. 3 ®HMN5IRAE
HHNSIRARE, WS LR, JSPH BEESRORBRAZHW., 4 Y AMO VA HEEH
PRBREAGEAL T, JOAAY R« 28— 1.67 x 107°0/s TiT >,

6. 2. 4 BEniAR ,
BEnafABRE, mELMk. JSPH RESPROABRF ZANT, BAFZ 19.6 Nn O
TAMEDHMITENRARE (CORUE 30 Hz ) K&DfTok. BARK, 74

aymE” Kenkor,

6. 2. 5 ARAOHESITHARE

aBREOMBRR @A AMHZMEL . AFRYRCLIORVUL, L. BHEBEOWRER
FoWmAE., SEMTREL., EEMKRF LI,

6. 3 RREREER

6. 3.1 HAHOHE
BREEOHRAMOLZHK. id -7 71 bERNES STEE-, Table 6-3 IKR
LicEESOTHH., ABRBEDEVKLDER, BEALRDONGHM O,

Table 6-3 Properties of specimens.

Designation of specimens CMA CMM CcMC CMF
Cr 1.08 1.03 1.03 1.03
Chemical com8051tlon Mo 0.24 0.21 0.21 0.21
/ mass$
c 0.35 0.36 0.35 0.36
Grain size¥* 10.3 9.9 9.4 9.8
Density / Mg m~—® 7.0520.05

*: Prior austenite grain size (ASTM No.).
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Photo. 6-1 Microstructures of sintered and heat treated Cr-Mo steels.



ANBEBEORAMOEHSEE Photo. 6-1 (IIRLTc, WIFND Fig. 6-1 IKRLECCT
HENSTRINDESDTHHk, dh4bb, BMUBATE, WINDBT 151 FN—
ZAMEB T >, RUEB TR, BABKL> THBUIAE., CMM, CMCH &
CCMFED, T4k - N=5A MEAET., BHBEIBEOHRA T A MHBTH > COK
MU, BEECLIDCMATR, XA F A FHBEDTHRT, "B IJ151 b N-F4F
HBHARTEL W, £, BMBCTE., CMABRAFTAMEITLT YA FHER
MNE—-ICaMUICHBETHLDICHL, BEEOCMM, CMC, CMFTlR., 7154
by N=ZA4 b RAFTAFBETILT YA POBEBMARAEL TV,
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Fig. 6-2 Static tensile properties of sintered

and heat treated Cr - Mo steels.
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Mo 1% 207 2 0OMo BITARMUKE, CMM. CMFOBE&ICEXNBITTOBREZEHNNS
W, 9Gbs, FEMO BIHL 0T O0Mo ITMo 2B MLULICCMMBALAZNWECMFE
DHE. WHABERSBIAREOHBNELHIIRTHLOICH L, Mo h—NAFHT
Mo =&ML, CMCOBGE. TORERHMFAHBIC G > Tk,

6. 3. 2 HMBIERS
BNEIRABOERE Fig. 6-2 ILARLE, WTNORBKSHTH., BHIEEREL
BHCH-> TRIEEFL, HUW. REABVOORNSEERLE, £, ZhT
NOBHREICSNT, ASAROCMAL, BAKORB CHABICEVRIERLK,
PO, BIUERICHN T, CMADRS AMEOBOICHAEL L BNEERLEDE, &
ORIREC ST, CMM. CMCHLUCMF AT 154« K—5 1 MABTH >
EOKHL, CMAK., A1 F 1 FEROABEL > THELDHEERDNS,

I, BABKEDABICSH T, FN85IREIICMO RMAZEDENICLHZERE, B
ENERDBNIEDS I,

6. 3. 3 #HMslRKE®E

BHSRARET > AR OBEE Photo. 6-2 IKmLic, BRUBATH, A&Eh,
FLCRELULT AV TIVHTHROBETHY . HHIEEHIRLGOBINERTZDOICH
2T MPMNT A TN BL G T, 8FFKEDZCMAKSN T, BRUEBT
ORI OBUBCLAKOEHMEEL. TOHBS LTRSS ELIHBL TN,

g, BARIKLDAR TR, Mo BRINAKODENICLSHEEEDOEZR,. ROHNE
Mol, LEHA>T, Mo RIMAZDEWIKLHHBEBRNAD—HOREOE, 51K
HEICBEEALERNRGNESR S,

6. 3. 4 Eh@ES

BENABOLERE Fig. 6-3 IKRLEK. WIFhOREIKSNTH, mllEENEL LS
K-> T, #MslRAS Lok, Fn@d b ERUL, BUEATR, Mo RINAHDE
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Fracture appearance after static tensile test.
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Fig. 6-3 S-F curves of sintered and heat treated
Cr -~ Mo steels. (a), (b)), and (c) are heat

treatment A, B, and C, respectively.
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Fig. 6-4 Relationship between tensile strength

and fatigue limit.
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AU, CMCOBEIHASL, #NGIRBSO TRICHOFARLEFORISH, #hOHO
KIERTAREN,

ZCT, HLIoENRSLHNIC, BEXEOSHRUBECORBICOVTI /KR
MERAL. ChE, B8O LEP5DM0 EMARDENIC L DA RDRESGulE
THbd,

6. 3. 5 ERIEOEREROLIUCMEHM

MARE LORAT, 10° @HBEOBRNCORLICK > THEILECMMBLTCMC
OWMAHRFMICEZINCHESAS Photo. 6-3 KmULE, MMIETRHRLERERZNOD
GaLtk, KABSLCRAMPSDPULAMICA>ICAK bR LR EEDGISHN
RZ<ROS5NE, &k, CNSOEHERKRE, FLUIRA S A MREH LV
TITAF N=SA FERLIT A FOBERBTH O, BABCKEL T,
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Photo. 6-3 Sections of fractured specimens
to reveal micro-cracks. FP, BF, B, and M
indicate regions of ferrite - pearlite,
bainitic ferrite, bainite, and martensite,

respectively.
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Fig. 6-5 Schematic diagrams to illustrate

hardness distribution profiles.
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SRE-HUGN, LEA> T, CMM®2WECMFOLS K. B DRREELEHN
S EBERBOGHE R, SHOEREMITHLOLULIBNENRELD . SHOER
AEETHHMICEEEIBND,

6. 3. 6 BNARKLHRELES LCREALOZAR

Photo. 6-4 ICTHARE EOIA< 0RL CHITU AR O, REMBS & O hR B0
famUic, MECRULEERAROSA L, RABE. & & A& MRNEEERE
KL DMETHHN, — BB CLORAOREL (WD, £, BEMCLE
HMBE T & RRF MR T, AR IWREEC L SMAAIRNTHER, 5
RNBEBEC L HRMORBSNI, TO. RNWRERC LOMAORSE, Mo 7
— /A FHTMo ZEMUECMCK S TROAS Mo 12,

Z2C, COWRBERERT - OOBREL T, RELOBA%R, P, #WELL,
Fig. 6-6 ICHk, #MsIRABRESTICENRBRCSU 2B A ILVENRBLOCHRY 1
VBRSO, AB) RS PRBO P, #ABCRL (S,
CCTHEBINECLER, CMCOENRBROBEICSNT, RBA DRI TO Py m
ORI OHACHAE L ES, REBORN S RERBEHOM LIFES Lo T
BETHBH, TN, CMCKSW T, RRAMRBE TTSHNH CRABEEREC &
HRRSBAEL. CNATIREAET AR CHBMETL TWBHIEERRTHHD
Thb.
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Photo. 6-4 Fracture appearance after fatigue test.
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Fig. 6-6 Apparent porosity in projected

fracture surface.
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i

WEBEESOIOIBENBRERICL > T, TSREDLGHDEKI > TERLTHL
(Fig. 6-7 (a)) , TSHARICHWERBAS LG G, TOEIREAZBTHDERD
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(a) CMMC

Photo. 6-5 Sections of fractured specimens to reveal

fracture paths at Mo segregated areas.

HhBPLLTHS, ZOBATORNBRBBOIVIRNBRABRICLSSROERE
BT S (Fig. 6-7 (b)) o, =/, BB PN GEIRLEDOBRERADOEFAL, TSRO
EREMIEL, ZORAONGORME TR LRALEDEIHBUSHIE UK,
COBMBERENABBIDLOIKCESD (Fig. 6-7 (¢)) o
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Fig. 6-7 Schematic diagrams to illustrate
fatigue fracture paths in homogeneous,

(a) and heterogeneous microstructures,
b), (c).
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