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State Analysis of Laves Phase in 9Cr-1Mo Steel by Controlled-Potential
Secondary Electrolysis Method

Yoshiko FUNAHASHI, Sachiko TANIMOTO, Naoshi YOSHIDA,
Yasuharu MATSUMURA and Ailsushi SASAKI

Synopsis :

Based on the studies of electrochemical stability of precipitates in 9Cr-1Mo steels, a method for selec-
tive separation and state analysis of Laves phase was established.

By use of this method, precipitation behavior of Laves phase and carbides was examined and the effect of
Laves phase on the mechanical properties of this steel after long-time aging was studied.

The results are summerized as follows.

(1)Laves phase extracted from 9Cr-1Mo steel was electrochemically less stable than carbides (M;Cg),
and was selectively decomposed and separated from carbides by controlled-potential electrolysis at +0.8V
vs. SCE in 10% acetylacetone-5% LiCl-methanol (secondary electrolysis).

(2)The amount of Laves phase can be calculated from the total dissolved amount of Fe, Cr, Mo and Si af-
ter the secondary electrolysis. The amount of carbides (M as My3Cg) can be analyzed from the total
amount of Fe, Cr, and Mo in insoluble residues after the secondary electrolysis.

(3)In the steels aged for 1000h, Laves phase was found at temperatures between 550 and 625°C, the
amount was maximum at 600°C, and increased with aging.

(4)Precipitation of Laves phase decreased the Charpy absorved energy of 9Cr-1Mo steel ; when precipi-
tated 0.5 mass% of Laves phase, about 120 J of Charpy absorved energy decreased.

Key words : state analysis; laves phase; carbides; 9Cr-1Mo steel; potentiostatic secondary electrolysis;
precipitation behavior ; charpy absorved energy.
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Table 1. Chemical composition of steel samples.
(mass%)
Sample C Si Mn P S Cr Ni Mo Nb \Y% Al N
A 0.085 0.25 0.43 0.006 0.004 8.66 — 0.98 0.068 0.20 — 0.038
B 0.10 0.39 0.39 0.008 0.003 8.46 — 1.01 0.078 0.20 — 0.038
JSS211-1a 0.069 0.005 0.005 0.004 0.005 8.24 — — — — 0.009 0.0023
JSS213-1b 0.055 0.005 0.005 0.004 0.005 — — — — 0.20 0.014 0.0019
JSS220-1a 0.12 0.37 0.38 0.015 0.01 0.03 0.01 — 0.032 — 0.021 0.0054
+5HiEEME L7z, Laves M3 X O RALY 0 55 ERL Table 2. Heat treatment condition of steel sam-
FREL, TORELL L CERMTKEREYDBH ples.
PR AT ,ﬁf%' Laves tH® & % @IRH 12 BFTX, Ak Sample Heat treatment condition
LARIC X 7o A N : 1050°C—T : 760°C—~600°C X3 000 hr, AC
% 53 BJ g 3) JSSZBil 1 5\10:5%)0(5:0"%:1‘ : 790"%—2:5502'665({;/%X 100~10 000 hr, AC
AT 4 BE po ~ ¥ -1a °CX 2 h, WQ—750°CX 20 h,
FEL L 7o T3k Bl CRISRIBEIA £ 207 L, A JSS213-1b | 1050°CX2 h, WQ—700°C X2 h, WQ
JSS220-1a | 1250°CX2h, WQ-+800°CX20 h, WQ
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(1)10% 7 EFNTEr-1%F FTFAFLT ¥ EZ
wAZTOTAF-2% =) (LT 10%AA REMRBEL
W&EC)

(2)10% 7 tF VT b v-5%8ELYF706-2%
J = (LLF 10%AA-LiCl AEMT & BEFL)

(3 )FezMO, (Feo.scro.z)zMO

B (99.9%) @ Fe, Cr XU Mo D&BRLT (1
~10mm ¢) *FrEREGLTCRAELLZ, TVITYFH
RCT— 7 &L TERL.

(4)Cu K : L7 2% 1)y 78 HifE 99.99%, #i
£ 50 gm LU

(5)Cu ki : ZEAMLFH, MEE 99.99%, KX 1000
~2300 #m ¢

CuBp KRB LU CublizAEEIZHEHAL, 650°C T
B I LCTHERLZ.

(6 )EEFIRESh : BARBSME, EHRYFVH, 75
~250 #m 4% 60% L\ L
2-2 &RE-#BR

KB OB, TEM- EBREREE (BFERME
A, FV-128 #1) %, ABE I 7 a7 1 V¥ — DRI
i, KRIKIEEE (MARRER, LTA 3 =8, 0~30
W) 2R L7z BSOS ICP %4565
WrEEE (BES/ER, ICPV-1015W) * AL, 24
BEROBRI G, SEHRRLE (HERSX, 20mm¢) &
L2 (BERFKSHE, P18 B!, Max 20 t/cm®) % W7z,
2:3 =¥

BE DML % Table 112, BfZh4fF % Table
2 1R F. 3B A, Bid 9Cr-1Mo T, A ZHEZERRE

N : Normalizing T : Tempering

M (BARSKMB ST BT IEREROLRIEERAR
), KB B 38R0 TH SR 7.

XK} JSS 211-1a, JSS 213-1b H £ UF JSS 220-1a i1,
Rt O ESALFW S REE E FET S0 IERA L
bDOT, HASKMR SR 58 E 2 ARERET
5. JSS 211-1a iz (Cr, Fe)s3Ce A%, JSS 213-1b
i VC B X (V, Fe)sC %%, JSS 220-1a iZix, Nb
{t&% (NbC, NbN), (Fe, Mn);C ®iE»VED AIN
B XU MnS 25 L T 5.

2-4 BSAMRNBEOANE—RBBRTE

MBEr =2 — 2V K774 05— (FLiIF 0.2 ym,
25mm ¢) THBHMEL, Hy, 77 X< EIEIKILET 7 4
N —FIRIL L 72, Cu A R-BMHEREY (Cu: B
$=9:1) 600mg L BR<EAEL, TDHH 180mg %
SPEL THEBRICMERRE T %5 (Fig. 1-(a)). BB
B2 BERBOAN o 2 RERE VAOREMRRES (Fig.
2) 12ty bL, Cukiddfaichp) — M % #H,
BWEBL T ST, N, FREBERL 225, FE
NDEMTERTAH. BRICED Ce yRIIBRTH. L
ML, BEIERL 20T, L0 BB (Fig. 1-
(b)) 2Eo N 5. TRk, BIAEBAOMILIBIZIREE
Eha, Zokn, BRNETAREFEEOEBMTHER
DUFHEHRTES.

2:-5 BREZEAPOELETROETERS X

BHRBOBE» VY7407 — (LI 0.2 um,
47mm ¢) FHVTHBHEL, RET 74V —L L
LIZHEADIFIC AR, 600°C T 2hr WKL T 5.
%%, LiBOy-NayO, iRARIA] 1.6 g THNZLEE§ 5.
A 13 HySO,(1 + 9) 8% IBEAME/KIAT 25 ml & AW
THML, 100ml ® 2277222 L, ZEKTE
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(a) Prepared Disc
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Electrolysis

(b) Porous graphite

D B
e 1

A : Cushot B : Cu powder

C : Residue-graphite-Cu powder mixture

D : Residue-graphite mixture E : Pt net
Porous-graphite electrode.

Fig. 1.

Controlled
potential
electrolyser

]

A: Porous graphite electrode (anode)

B: Porous graphite electrode holder
(13mm ¢)

C: Glass plate (70mm ¢ )

D: Pt plate (cathode)

E: Pt wire )

F: Reference electrode

G: Electrolytic cell

Fig. 2. Apparatus for controlled-potential

secondary electrolysis.
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S . ,_I M706"
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-0.5 0 0.5 1.0

Potential (V vs.SCE)

* . Synthetic alloy
** . Residues extracted from sample JSS211-1a
Fig. 3. Potential-current curves of matrix and

precipitates.

BhEHEET B0, HLEW OB -EiMHR % M
L 7. Laves AHIZERAM %, RALYIGE, RACIM 8
EEAEERE» S L 2o 2 L. BRI
iE, 10%AA REMIE 10%AA-LICl ZRERE (B
ZIZ LiICl #sms 5 &, ZREMARERME LTH
W% Cu DEBRHIEL 2 5Y) 2FHLA.

Fig. 3 X &{bLEM O BA - BRI ERE R 2R T.

WTENOBRBETHACHBEIZS FeMo 13— 0.2V
(vs. SCE, LATHME) fHEX D EMAIIL 5. (Fe,
Cr).Mo i%, FeoMo SN EETHY, +0.5VAHEX
DBEMBIIZL 5. RILWIZONWTH DL, MyCe i
+1.0V FCEMBIILTCHLRET, BRLEV.

Fig. 3 (21, 9Cr-1Mo SO B BH A bR L 7225,
BEEMOIBEMIVTRLT M)y 272 TH B
9Cr-1Mo S & h HHIZH 5.

VC BLU Nb {LEWIZHBET & hd o 72720 WET
Elhols. 22T, VC BXU Nb L& EL
3, BABTLHECTREBRCLAZTHEH LN HEEL
7.

3-2 WHYOMH SR

9Cr-1Mo i @ Laves #l 5 X 1L X, 10%AA
FREBMECIOHETEL L bR TE YD, S
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10%AA RERELYHVAI L E L, HED-DEEM
BRI L HMNEELREL /2.

REFHR AL % 3 L 72308 A 25142 10%AA %
BRBELTHCCT M)y 7 A% AR TEHL—-0.2~+
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Table 3. Analytical results of residues ex-

tracted from sample A.
(mass% in steel)

Anode potential Residues
(V vs. SCE) Fe Cr Mo
—0.2 0.457 0.919 0.222
—0.1 0.451 0.903 0.223
0 0.449 0.897 0.223
+0.1 0.453 0.902 0.225

Electrolyte : 10% AA-1% TMAC-MeOH
Sample : A, Prepared by Vacuum Induced Furnace

Table 4. The reproducibility of electrolytic ex-

traction of residues from sample A.
(mass% in steel)

Residues
N
Fe Cr Mo
1 0.443 0.887 0.219
2 0.447 0.896 0.220
3 0.441 0.892 0.216
4 0.455 0.918 0.224
5 0.450 0.907 0.222
X 0.447 0.900 0.220
Ta—1 0.0056 0.0125 0.0030
C. V.(%) 1.25 1.39 1.38

Electrolysis : 10% AA-1%TMAC-MeOH —0.1V vs. SCE
Sample : A, Prepared by Vacuum Induced Furnace

0.1V OEMBCEEMERL, REPD Fe, Cr, Mo
AT L 7-#5 8% Table 3 128, ZoOfFRICINE,
L&A Fe, Cr, Mo EREMIChPDbOLT —Efl%
RLTWA, ki, EAMNLZERBEIHONLEMOV
B AMBEROBEBEM LA L MR (Table 4),
L& R Fe, Cr, Mo FHTfEIZIV$hd C.V.=1.5%
LTT, BRFe#EREBL.

B -BRMENELER (Fig 3) (& hiE, Laves
HOSHBEMIZ OCr-IMo BRI D EMICH B, F 72,
Laves #liZ Cr BB 5% L TMREMITE/MICS 7 b
L, +04AVUTOBEMTRSELEAVEEZONS.
3.3 TR~ L 512 9Cr-1Mo i @ Laves #1234
10% @ Cr AEBE L TWAHDT, Laves #id, — 0.2~
+0.1V OB TIIHELE T, EEMICHE I N T
WhHLDEHETES.

Fig. 4 {2 10%AA ZEMWIC L HHHZRED X #iH
iR %Y. ©— 2 i3/hE v Laves tHHOEIPT /€5 —
vHABO LN, R & ek HIZ Laves AR &
NTWAHZ ENHEFRTET.

3-3 Laves & RIEHD DB

Fig. 3 OB -BiMARIC X hiE, FeoMo B8 XU (Fe,
Cr),Mo i, #hZ*h—0.2V DU EBLU+0.5V L
DBMCHBRTH. —F, MpCe &, +1.0VLUT®
EMTIRBLEY. O &b, Laves ll B LU

| LL A: Laves phase
* | ” %*: M23Cs
i * A ®: NbC (?)
. !
s .
=
1 { 1 n | 1 N
20.0 30.0 40.0 50.0 60.0 70.0 80.0

(26)

Sample : A, Prepared by Vacuum Induced Furnace
Target : Cu
Fig. 4. X-ray diffraction pattern of residues

extracted from sample A by 10% AA electrolyte.

My3Co PSIRAE T 555 %+ 0.5~+ 1.0V OB N TEMH
ThuE, Laves L bW H ol cadnb L EZ /.

EATHO KREBRI LB SREESERET 700K
¥} JSS 211-1a, JSS 213-1b, JSS 220-1a # £ O F
ARZNTNM 1 g B LERMBREL 2-4 12tV
WAL, ChaBime L, B> SEEETAMNEE LR
WH 1.0V UTOEBEMTEMRL 2. FiBEOMBIZIE,
10%AA REMIEE H, TREMICIE, 10%AA-LICl
REMBEFA L. ZREROXRLZ, BRiroREE
+5 Fe ¥L— MOFKRBHERZ L %D, BRERMEL
2mA LTS % - 7-BE il (ERRGHEA 3RERM) & L.
TREMRIZ LB MpsCs, VC B XU Nb LB D5 HE
Bz, Zzh =Nk JSS 211-1a, JSS 213-1b BL U
JSS 220-1a D K EMRHEI#DFHEFD Cr, VBLV
Nb 293#TL, 2OEEME»55FM L. 7, Laves
HonmEen:, R A 2BV, ZREBRIKOKE
DEBEDEIHL, ZOERME»HFFMEL . K%
Fig. 5 BX U Fig. 6 IZ/RL /2.

Fig. 5 25 bH» 5 & 912 MpCe DN, &
-BEREROMEZER BB LTWS., $4bb,
MpsCe tE, BM+1.0V $THETHAH. VC BIU
Nb {L&aMiE, WFhd KREBMRICL D —HA 5L,
FONMREE, BUIFEGVWIEIEEL 5.

—%, AE A XoHMELTHEpIcowTAHRBE
(Fig. 6), ZREHBZREDILEWE Fe, Cr, Mo, Nb,
VAEix, WFhd —REMBRELVKRHELZRLTVA.
LA L, {L&WH Fe, Cr, Mo fE £ {LAWHE V, Nb
fliD & A7 BFEEMIC L HDHEETIERLR > TV,

Thbb, TREBBRBEOILEWE! Fe, Cr, Mo f&
BEM+05~+1.0VolTcir—ElERLTWVD
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Anode potential (V vs.SCE)

Secondary electrolysis : 10% AA-5% LiCl-MeOH
0.2~1.0 V vs. SCE
* . Residues extracted from JSS211-1a
** . Residues extracted from JSS220-1a
*** . Residues extracted from JSS213-1b
Fig. 5. Effect of anode potential on the recovery

of precipitates by the secondary electrolysis.

A, ALAEWE Nb, Vi, BAAE 2513 8K %
L, ooz ki, $f AT NvIbAEBL U VLS
#ix Cr, Fe, MofbtAMEBEBL T W E2RLT
BYH, ot EEE)R, S JSS 220-1a #
B LUK JSS 213-1b 1> Nb LA B L U VC L [H
HoBEERT I ENbI 7.
PLEDO#HRE»S+0.5~+1.0V THEME L7 Fe, Cr
B LU Mo L&MW IiE Laves HICHE L, KREMBRAS
® Fe, Cr, Mo L& MysCs BliR AL EEZZ NS,
2T, ZRERICKHBEMTLRBICO &, MR
L7 (Table 5). &M OMABILIE, +0.5~+
1.0V OB T, Fe:Cr:Mo=51~56:15~22:26
~30 (at%) Z/RL, 7, REDHMBIIE Fe: Cr:

0.9

o
[

)
10

1N
IS
T

Cr,Fe,Mo,V,Nb (mass % in steel)
=] =}
N [
L T

e
s
T

VO“L‘ """" D Gl ek b
ka-;m

—~ A -4 _ .

O 1 —_ 1 1 1 1
Before 06 0.8 1.0
secondary | Anode potential (V vs. SCE) 3

electrolysis Vv
Secondary electrolysis

Secondary electrolysis : 10% AA-5%LiCl-MeOH
0.5~1.0 V vs. SCE
Sample : A, Prepared by Vacuum Induced Furnace
Fig. 6. Analytical results of precipitates in

sample A before and after the secondary
electrolysis.

Mo=26:69:5 (at%) %/~ L 7.

TEM 2 X 288 R Ic L hiE, &®F Adizi, 0.4
~3 um DAREFONTIMP & 0.1~0.5 wm ORLIRIT Y
BT S (Photo. 1). EDX #7112 & ) REAT i
I2i& Fe, Mo, Cr, Si 420D V 2k &, HLRHT
HiZid Cr, Fe, Mo LA &E®D Si BXUV »ih &
hi. D Fe, Mo, Cr k2 B+ 5 &, A%
J.Tit Fe: Cr: Mo=48~59:9~38:28~32 (at%),
FORTiE Fe: Cr:Mo=23~28:66~76:4~14 (at%)
R L7, EDX BHEDONT Y F R KE WA, AER
Frii OIS, REMC X DB, T,
RCRAT I O MAUE, T REREC K 5 RIEMRE DMK

Table 5. Analytical results of residue extracted from sample A.
Insoluble residues after the Dissolved residues after the
Anode potential secondary electrolysis secondary electrolysis
(V vs. SCE)

Fe Cr Mo Fe Cr Mo

0.5 mass% in steel 0.339 0.831 0.123 0.092 0.024 0.084
: at. % ratio 26.0 68.5 5.5 55.2 15.7 29.1

0.7 mass% in steel 0.329 0.826 0.116 0.103 0.030 0.091
: at. % ratio 25.6 69.1 5.3 54 17.2 28.2

0.8 mass% in steel 0.334 0.830 0.116 0.098 0.025 0.091
. at. % ratio 25.8 69.0 5.2 55.0 15.2 29.8

0.9 mass% in steel 0.321 0.812 0.111 0.110 0.044 0.096
' at. % ratio 25.5 69.3 5.1 51.7 22.1 26.2

1.0 mass% in steel 0.329 0.828 0.118 0.103 0.028 0.089
. at. % ratio 25.6 69.1 5.3 55.7 16.1 28.2

Sample : A, Prepared by Vacuum Induced Furnace
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(a) Indefinite- shape type precipitates.

Tum

a:/ Indefinite-shape type

b: Granular type

(cu) . (at%)
No. Fe Cr ' Mo
Fe 1 482 201 31.8
Mo
2 482 380 237
Cr
Si Mo 3 569 145 285
%
A 4 594 93 310
0 2 4 6 8 10 12 14 ‘16 18
(keV)
(b) Granular type precipitates.
Cr (at%)
No.- Fe Cr Mo
cu) 1 231 69.2 7.7
2 276 686 3.6
Fe
3 282 662 56
Mo .
Si \Y] Mo 4 229 756 143
02 4 6 8 10 12 14 16 18
{keV)

Photo. 1. Observation and analysis of extracted precipitates in sample A by analytical electron

microscope.

LRIEF-HELTVw A,

INE RS S, 9Cr-1Mo FH D Laves
Miz+05~+1.0VOEMBCTERMIZTHEL,
MysCe BIRALM E FRTED I E Wb E72,
Laves 0 E#EH B 12, Cr, Fe BX T Mo TH 1,
Si RULED VEERATHI D bho 1.

LA LZzds, EDX Hic & % V E 2l TE
PTHBHIE, £, ZKEMRICLD VALEWO SR
383 Fe, Cr, Mo (bAWER LB EXH, 2ITH,
Laves /AR K 51, Fe, Cr, Mo BXUSi &L, V
BReEizvwdbok L.

3-4 MBI EDHEL

PLEOEBRER L DFEV. L7 Laves #H & Mp3Ce BUR
it ORENERHEDEM LTIIRY.

(1)#7 WA Fe, Cr, Mo, Si & : & ¥ % 10%AA
FEMBEHCCEEMER (—0.1V) L, &R (—
KEBIRTERE) D Fe, Cr, Mo BLU Si 2 EBT 5.

(2)Mp3Cs E! Fe, Cr, Mo & : —KEREZRE%L Cu
WARBXUCBRSHRE RCREAL, MBRKICKRETS.
InEBEE LT 10%AA-LICI REHE LAV TER
B (+0.8V) Lnb, KEMKE (ZREME
#) 122V T Fe, Cr BLU Mo *EET H. 4B,
Laves fHE D78 Si bEEL THL.

(3 )Laves #i%! Fe, Cr, Mo, Si f& : (—XKEMRE
oL HE M B)-(CREMBEOLEWE M &)

M : Fe, Cr, Mo, Si

= 2T Laves fi& i3, Laves ti% Fe, Cr, Mo, Si

2.00

Aging time : 1000h
1.80 s]

1.60
1.00

0.801

0.60}

Laves phase

Amount of precipitates (mass % in steel)

0401

0.20F

0.00

550 600

Aging temperature (C)

650

* . X2 (Cr+ Fe + Mo) as M23Cs
Fig. 7. Influence of aging temperature on the

amount of precipitates in sample B.

BEORMET S,

3-5 9Cr-1Mo SRODBERDMIRIE DT & RIS
3:5+1 EEFREERER I X BT o Ebic>nwT
&0 RL AR B 2V, 34 THILALH

FEI2 LD Laves BB L U MysCe BN E L EHAL

7o, BEERhiEEE (BERhERR 1000 BER) &A= O B4R

% Fig. 7 \ RS, ERRhEEM 1000 BERJLELT T3 Laves

O HEZ, 600°C 2BV THRHE L, 600°C ¥z

L EREA L, 650°C TRITHEAL L V. —,

M,3Ce 13, 550~650°C T, 1.7~1.8 mass% AHTih L T

By, BECIAELZIFEAE T,
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2,00 —
Aging temperature
3 ] : 600°C
£ 180 O@® :650C
® 160}
0 ~
g 100} Mz23Cs
qu; L
s 080}
g8 L
8
5 0.60f
"5 L
S o040}
§ I Laves phase
0.20}
0.00 0
0 100 1000 10000

Aging time (h)

* .2 (Cr+ Fe+ Mo) as M,3Cq
Fig. 8. Influence of aging time on the amount of

precipitates in sample B.

60
50 | Fe

8

o 40 f

Q

& Mo

b | a R . -

£ 30 | M

17

[}

= 20t

S

- s A

S -4

Cr B .
0 Ly 1 1 I T S I B |
0 1000 10000
Aging time (h)
Fig. 9. Relationship between Laves phase com-

position and aging time for sample B.

RIZ 600°C B X U 650°C 12 BT 2 Bl & 47 B
L DR (Fig. 8) 245 L, MyCe DHTHE, Wi
W, BHEECIA2bLTIBIF-ETHE. —F,
Laves #Hid, 650°C TidiZ & A EHHI L 2 vaa8, 600°C
T, FRRREHICHE R4 I L TEB D, 10000 K
B Tix# 0.9 mass% 254 LT 5,

Fig. 9 121%, 600°C i23B1F 5 Laves ML & BEahe%
BOBRERLL. BOREIECESE, bTh TR
H5H% Fe, Mo EHED WAL, CraFE20WI LT
Wh. LaL, Z20EbTH,THY, MK,
Cr7—gFe 5—50M032~34Sii0~13 (at%) %R L 7.

—#iZ Laves #lix, A,B Ho#& 4 -{beyw <
bbb, ZORE, TFEA BOEFEEDNEIX, KK
K& <, BmMLREFEERE, dA/dB=1.23 TH
D, BHELHMBEOBHEICE, 1.10~1.46 O 4R

THILLH DY BELVYOHEIZES & 9Cr-1Mo
WD Laves B TCHE* A BF8 L BEFHICHHE
T2E, Mo(d=1.39A) 13 BETE, Fe(d=1.24 A),
Cr (d=1.25A) BXUSi (d=1.174A) & A BF8E
&%, €IZT, Fig. 9 OFPHEISETFHEEH L7,
JEFHid, Fe+ Cr+ Si (A BF2): Mo (B ET#)
=2:1¢7%Y, (Fep72Cro12Si016)2Mo & FRT & 7-.
CORERIETRER L BBMHE AB LAY, B
L, Laves i CH AL L2 ETITALDE VLS,
3:5:2 REFMIFFZHLEIC X 2 F R OEAL & i
MORFRIZOWT

—#IZ, HiR - EEME O REFBIEERIC & B RN
DEALERE & LT, HYoRE, & K& 3013,
I 0lBOEAL, WM (BE) Blbh g1 bns.
LA L, 9Cr-1Mo #iZ BT, BIEHIIRELE L) 12,
BELELTNT vH 4 MR K S 2B bizAa bR
V. 3, BELY .y h— AFEEET 210~218Hv @
HEICHDIZEALELZ2VDT, BLER Y
DOEAICH Y, HA—ZXFF+ 4 MR % d.002 Laves
MM HKILT B0 LRSI b ns. —F, K
LB EZ 5 LT Laves O EE L £ BHICHRIET %
BT, EHFEORFIZoE 0°C T v VW —IRNT
ANF— vEg DL EFEL /2. vEo I, 100h T
DI TIIKELREILIZZ VA, 300h ¥#2 5 & 550
~625°C DIREHIZBWTET L, 1000h OE%)% K
TEL650°C 2BRESHIEEKTILIEMBICBELAT
WHNDT, TITHEHRAMENL W 600°C EHTHL AW
650°C T D RFEHEEAUEM IC O W T Z0B{LEFEL
7z, &R % Fig. 10 IZ/R%. 600°C D4, 100h UL E
TIBEOBIE & H12 vEy EIRIET L, 2000h 3¢
DETEIFFICKE W, —F, 650°C TiE, 1000h %
TOMERBREARD L, vEQ HORKTIZAS R,
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Fig. 10. Relationship between Charpy absorbed
energy and aging time and temperature for sample
B. . N
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Fig. 11. Relationship between Charpy absorbed

energy and the amount of Laves phase precipitated
in sample B.

22T, vEo i ZREBETRD /- Laves HE
(Fig. 8) L OBfRE Fo v b L.

B % Fig. 11 127537, Laves 2% 0.5 mass % #2 £
W5 &, vEo I, 120J 12T L, Bk, #rih
BOBMAICHEWREL KT L, 0.9mass% DOHHIT 150
JOERT A LR

AR E D Laves HE % IEFEIIRKO S Z LATTE,
Laves HlE L > v V- A V¥ — L OB EE
BICiBB T & 7z A b, AEBRIZAH V72 9Cr-1Mo g,
Laves #H7% 0.9 mass% (I & LT vE, B3 100J
MERLTEY), Bil-BEMEE L TOMER 5
RTETWVWHBIEHDS, Laves HOWMHBEDL Z OFEET
HNTERLEMELZ I Ebbh o k.

4. % & &

9Cr-1Mo S @ Laves 13, M,3Cs BliRiL L D E
SALEMICARETH Y, 10%AA-LiCl RERBEF T

EBMKEM (+0.8V) FHhid Laves HIZ DT 5
7%, MasCe 1XBRET 5. SO HE%BA LT Laves &,
M,sCs Bt Yl E & LML L7z, T/, 5
3L 72 R R CRESFERLEM O8I £ 98
L, WTFTOZ Edbhot.

(1)Laves HHOH R 57 1x, Fe, Cr, Mo TH T &
? Si #@EEL, (Feq.72Cro.125i0.16 )2Mo E KRR T E 5.
BRI £ DML OZALIZIE & A E o,

(2 )Laves i 550~625°C M iREHB TH I T 5
A%, MBI 600°C 1o B W TR LS <, HiEE»E
KBl EAT 5.

(3)EE L 7-RE&FHO 550~625°C O REBERIT
12 My3Cs DAFHHEICIZ & A ERLIZA SV,

(4 )Laves #HASHH T 5 & ¥ v W E—ILZ IV F—
BIE T3 5. ET&X, Laves #E 0.5 mass% D i
TH# 120 TH - 7z

X 73

1) ZHE ¥ 45 133 I AHMTEE (HARSMIHSE)
(1990), p. 211

2) SEHFEHE®E (MR 9Cr S 7 — ¥ O FEAZE)
(1991, 3) (%) AAEEHS BT HfEEH 4 FME /b
ZRAS

3) EAAREH, AKREE, INERR, MR, MEE—:
s SEkEH, 22 (1990) 4, p. 257

4) G, P —, SHRIXTE— Sk M, 72 (1986),
p. 264

5) LiEREZ, T¥% & AR M oLz, 4
(1991), p. 1441

6) MiFH=, Al B, BEKE, NHEKE: kW, 76
(1990), p. 1116

7) (FBmHEE, FHREL, FNMEZ: kLM, 76 (1990),

p. 2190
8) WNIEH, BRtE: £EEALAeY (1986) 4 [HPLH
Fhtt]

9) kB, IWEAAA, iRk, 2P skE M, 72
(1988), p. 2286




