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On the Dissolution of Spheroidized Carbides into Austenite in 0.8%C

and 0.8%C-Cr Steels

Taira NAKANO, Tadamasa YOKOYAMA, and Hireshi KAWATANI

Synopsis:

Dissolution of spheroidized carbides into austenite was studied in 0.8 9, C steels containing 0, 2 and 5 %
Cr. M,C carbides was observed in 0.8 % C and 0.8 9%, C-2 2, Cr steels and M,;C; in 0.8 9, C-59; Cr
steel. It was found that the larger particles required longer times for dissolution into austenite than
smaller ones. Marked acceleration of carbides dissolution was also observed with increasing austenitizing

temperature.

Activation energies of dissolution of carbides into austenite were obtained to be 90 kcal/mol in 0.8 95 C
steel and 80 kcal/mol in 0.8 95, C-Cr steels. The variation of mean particle size of dissolving carbides was
calculated under the assumption of diffusion model. From these results it was concluded that the
dissolution of carbides into austenite would be controlled by diffusion of Cr atoms in 0.8 95, C-Cr steels,
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Table 1. Chemical composition of steels (wt%5).

“ S l Cr

Steel ( C | Si | Mn | P

0.895C | 0.80 | 0.2 | 0.45 [ 0.011 | 0.011 | 0.06
20,Cr | 0.79 | 0.18 | 0.44 | 0.011 | 0.010 | 2.28
5%Cr 10.80 0.24 0.48 0.016 [ 0.012 5.12

0.8% &H L, kithoBEE2ZLE 2 57oic Cr i
#Ex . ZhbLvThd 100 KVA 5X S EREKE
W CEREE 50 kg $BBLE L, 15 mm Juiic 854 EE0E
WIZ XD Ay — U EfBE L, 1200°C < 50hr EiZeyhish
Be7eE L LTERERICft L.
2-2 MMEHIFE

2-2-1 mRiR{banzd

RICHDOTERALFRERITHEHT DT, 0.89%C iIPe ALE
HELEIRIY, ¥7:- 2%Cr 3 XK 5%Cr §HimSE
XD, RICWORKILLIBE T 0%k, RILOK X
IHRELXE B0, 0.8%C 5T 900°C x lhr 7
B, BRI ZEL T 700°C X1, 4, 50hr D ¥ LA
filsv, 12 29%Cr 35 X U8 5%Cr §HCrRIskk{baTauEE
L% 2 EEICZE 2 ¢ 1050°C ¢ 2hr {48, 600°C
B 700°C hn#h U783/ 20 &% U 15hr 2L
TS E L, E5I800°C X2hr X — 27+ 4 bLiE
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3, 5 [EIREE L7z, SEIAW7-skiA{bL2inEE k% Fig. |
BRI R L.

a) For Carbon Steels
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HQ WQ :{0] WQ
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b) For C-Cr Steels
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Ary712°C e o mme e e SNl
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e—— 2 cycles —8 ——»

A Spheroidization I

Fig. 1. Schematic description of spheroidizing
heat treatments for 0.89,C and 0.8%C-
Cr steels.

Table 2. Chemical analysis of carbides extracted
from the steel®* (wit%).

i

Swel | € | si zy Mn i Cr | Fe
29%Cr | 10.20 | 003 } 15.60 | Balance
5%Cr | 10.40 | — | 43.20

- °C/sec

* ] 050°Cx2ht —— 700°Cx 15hr, WQ, ([800°Cx2hr
"680°Cx 5cycles, AC and B00°Cx2hr, WQ.

—_—
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0.8%C gz oW Tix 750~820°C [l 20~-25°C ﬁﬂ
fmOEIREE T 30 sec~30 min {348 L, BT
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Table 3. Average diameter and number of carbide particles.

Average | Number of
Steel Preheat treatment Spheroidizing particle | carbide
size particles
() |(X10°/mm?)
900 °Cx 1 hr wQ 700°C x 1 hr AC 0.26 6.26
0.8%,C 7 700°C x4 hr 0.40 2.45
4 700°C x50 hr 0.86 0.34
Isothermal : 1050°C x2 hr -»>600°Cx 15 hr WQ | Cyclic anneal : 1 cycle 0.22 17.10
204,Cr y ” : 3 cycles 0.31 4.35
Isothermal : 1 050°Cx 2 hr — 700°C'x 15 hr WQ ” : 5 cycles 0.40 2.00
594,Cr // 7 : 5 cycles 0.31 4.03
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Photo. 1. Spheroidized structures of 0.89,C and 29Cr steels. a) b) and c) are of 0.82;

steel spheroidized by 700°C tempering for 1,4 and 50hr respectively after
quenching from 900°C and d) e) and f) of 29Cr steel spheroidized by cooling
at 20°C/hr from 800°C to 680°C repeated I,3 and 5 times respectively.
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Photo. 2. Microstructure of 59Cr steel spheroi-

dized by 5 times repetition of cooling
at 20°C/hr from 800°C to 680°C.
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Fig. 2. Particle size distribution curve of spheroi-

dized carbides in 29Cr steel which was
spheroidized by cooling at 20°C/hr from
800°C to 680°C, repeated 5 times.

Spheroidizing conditions:
© 900°Cx1hr WQ —700°Cx)hr
o 4 — o 4hr
a 44 — <+ 50hr
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Volume fraction of carbides(%s)

0 24 8 15 30
Time (min)

Fig. 3. Changes of volume fraction of carbides
in spheroidized 0.8%,C steels with holding
time at 750°C.

LEEZLNS. Fig. 31383 X LRMeZE X TKILD
DREXEE{LE47c 0.8%C £1%, 750°C whngk
Bl o REREIC X 5 BYRIL PEOE(LE &
T (REEERR O min 2 3503 2 R{LP E T ERINEIRABIC 35
FHBERTH, TOERWTILORILTREOEED
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bh 5. Fig. 413 29%Cr gz owC 850 ¢ S ke 900
°C TR L7z & EDRILIMDOEAIICE JIETRILY
FIEOBR AT I-FERTHB. 900°C o Li-5E
RAIZRAEPR RO /NI v GRIMCAAIT 1 BigR LI
HUNE V) S5 AR IRERS D B R R T AR A E T
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B TRILOBAZNRETTBEVLS.

Bl X > 0.8%C AT EDHZEN A L
i b, 29%Cr §ICIRE AR EERD Hhioh
ofht, FOEFEE LT, Photo. | bbb 5 X 51T,
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Fig. 4. Changes of volume fraction of carbides
in spheroidized 22,Cr steels with holding
time at (a) 850°C and (b) 900°C.
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Sphercidizing conditions :

10 © 900°C x hr WQ—>700°C x 1hr
-] " ” éhr
5F A " i v SOhr

Number of carbide particles (x10%mm?3)

0.1 Pa— ; :
24 8 15 30

Time (min}

Fig. 5. Changes of number of carbides in sphe-

roidized 0.89,C steels with holding time
at 750°C.
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Fig. 6. Changes of number of carbides in sphe-
roidized 294Cr steels with holding time
at (a) 850°C and (b) 900°C.
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BEORPDIIHBECEDD bRV D EEZLNS.
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AR MO EBROZE(L 2 HRUBIRIL R EDE
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TNEMRRF L CIRIEIIDIB AR ZTA~I & 28, WA
W — T T T 5D TiEe <, Photo. 3 it —Fl& T X
T, -y FEEPRIBLET L Bbh b s
CEEHNETT 5 Z EBAMb /. /e Photo. 3 (a)
V3 29Cr §8% 800°C 75 680°C ~OERIK{LMERE 5
m< WELAdD%, 900°C € 2min {£F L-18, 7k
WL bDOOFEMBMETH Y, Photo. 3 (b) 13 5%
Cr #8% 29%Cr SFFRROFARILILEE Lizb D%, 950°C
T 4 min {355, KE LA OOBEMEBHBTH 5.
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X 800 (5/6)
Photo. 3. Dissolving appearance of carbides of
Cr steels, which were spheroidized by
cooling at 20°C/hr from 800°C to 680°C
repeated 5 times, a) holding the 294Cr
steel at 900°C for 2 min, b) holding
the 5%Cr steel at 950°C for 4 min,
followed by water quenching.

o—o 750°C
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u
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U 5-0
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3 ~.

3 0.1 Liaa M Pl A

2 124 8 15 30
Time (min)

Fig. 7. Volume fraction of carbides after holding
the 0.89,C steels. which were spheroidized
by 700°C tempering for 4hr after quench-
ing from 900°C, at various temperatures.

IR U7z 0.8%C $l %, 750~820°C izin#Eh U T £E:
REfEliC & 7 5 BRI ORI ROZE Z T~k R
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13051F 30sec #ET H 2 &, BIHEERICXD L, #
— A7 74 MLBEIZ XS TRE S, TORER I~
2 min IEMRFFEAE Uz D O OB S I REFRRERRFHEK

W LKBOHEXDN 90% IETHZ LA EHILID
D a—r ZREEREDODTAEL, 2min TFIFE
BRESTT3EELLNS. LEN-T Fig. 7 okl
SR I~2min TORICHO QISR IEALITZ a—>

FERBIZE LR COBRE AN MM ERT 5 &
Bbhd. ZoX5R8HECOERARCIST, TK
B CCIRILMEDDOA — 27 >4 b CIBRE
BMEOMS X D EL T DBOBIERIXF OREK Li-Coty
—b &, S HIEILY» S AERE LTT<BRT, Cik
ERERFEECRE I 54— 27+ 4 bOTFHEIICET
LETHLLPRETT DD EELLRS.

2% Cr & EiRZ e 1, 3, 5 mEkR{bamE
LTRIEMOXRE T 2E bS8, chEF—ZX7F4 b
L L7z & EDRILMOIFZA AR ZFH~7-. Fig. 813L otk
& LTRIEMOKE DR D /PEWERIRILALE K
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DX ] RIEFRKIELABDO OO EBR S EDLD X bR
RHERABPBRVBBE Y RERERTED LRIV, T
I3 Photo. 1 IR L7z X 5 ICiR LEO BN X 5 R1k
WREROLELD /NS W e X 5. Fig. 91 5% Cr 4
x> {RIRZEAEATAAEES 5 MR LA Lcd oD A — A F
F4 PRANDORICOBAL ZRELERTHS.
BNERED LRI E DA DTIEALEEIRE B,
WTFNOBECHE br BETHEALZISFETLTWSLZ
Lnmbnsb, 73 Fig. 7 L Fig. 8 wki3bn4—2
734 MURER 800°C szttt 5 & Cr 24

Volume fraction of carbide (%)
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Fig. 8. Volume fraction of carbides after holding
29,Cr steels, which were spheroidized by
cooling at 20°C/br from 800°C to 680°C
repeated (a) 5 times and (b) once, at various
temperatures.
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Fig. 9. Volume fraction of carbides after holding
the 59,Cr steels, which were spheroidized
by cooling at 20°G/hr from 800°C to 680
°C repeated 5 times at various temperatures.
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Volume fraction of carbide
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Schematic illustration of dissolution
curve of carbides.
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CNE TR LAERE R0 SRR LW OBALE
FIIKRE< DT Fig. 10 1TFT X5, 3 2DBRIC
ZEIEND. O a— 7y ZREE & D785 RILWDIB AL
WBERT, FRCERMTHY, BIAEOHERICLS L
AR RBPCREE /2~ min Ta— 7y ZHERSET
THILPMbN. ZOMOEALELE LTIET TR
RLEEPLGOb»EX3HEDE L. @GR
a—yEERTHROF — 27+ 4 MhADORILBDIEA
HBET, GRORIYBHIMBL, A —257F4 +rho

TCRIREDSFHEIT T 5 F TRICWDIBIA i3k 4
5. QOEBRR/NIWRILWZE £ TK S RISk
BELTWL, WbBPE“FTX ULV RREBETH 5.
0.8%C TR D@RIIEE L7 vA3, 29% Cr L0
5% Cr i TRARRTHWZIBESHE TR +
— A7 F A PEFELTHFET Y OTZOEBRIEE
Ehi55. OOBRICETIMEIIEE <5 6N 57,
ARERTREERT 5 X 51 a— 7 BEIIEE IC B ©
ETT 572D, TOMOBRRICOVWTIRBATE L,
Dl EQ@OBEITE L TREAR SO OFENS B
B T ZTHE@DBRICSWTETFOER L5 5.
AR 2R P ICiRiE#S 1 min 58 LS 7 @ g
DOFtAA L Uy X OB ST BT 2B B O HFEE»
CEAIRBEICRIF LB &0 RHEEG RIL o ke s 2
SlVelEz x, ZRNFREMECOBRBREY » & T,
RERBBALMDERBEE (1—f) & 1—f=1—(y/x) T
MEND. X—R7F4 FEADRILIDERZ BRI
B3 2 IAELE 7 U1k HILLERT B X S5 CREINAT WS
2, LZTR—MRENCRILT 5 L E2 SR e kX%
WOREER AR D, EHELT 500 ¥ — 27
S=l—exp {—(K)"} orerremmiiiiiiiiann.n, (2)
LTS RBEMR(=r/%), t ERR(sec), K v
ER, nWEHETHS.
(DXOFDOH FAxt#hx 2 [ & iz
log log {1—(1— f)}=1nlog ¢
+ n logK —0.36 e ()
CNETIRLICE — 27 74 FRAADBRILH DA
HHiERE (3) R LAchs > CHBL LIE¥1E log log{l/
(I=F)} & logt CWEHLEAZEIFTHS. Fig 1l
(a)ix Fig. 7 2%HWLE LcbDTHBA, OMHh
LOPEH I X CERBAFRESESRS. chrbKo
EEkwod, K 3BAHEECIy R, 750,
775, 820°C itk T Lhrh 1.23x10-2,3.32x 10-2,
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REN2FER, TrEHEE, AvEei+5 &
K=Acxp (_Q/RT) (4)
TRINDDT, LEDOFHER%E (4)R TEET hILFig.
12 2720, EHIbT 205 —13 89.2kcal/ mol £ 75 % .
2%Cr B XV 5%Cr $HDORILWA — 257 F 4 b
DAL G ZE LE Lg% Fig. 11 (b) XU
(c) ITmT 55, 0.8%C gL WEBEREIES N,
BONIKDEE$ LT Table 4 (o, 29,Cr §§
TREEMOAE ST LI OCEIBEL b KERR K>
TV, KER{ILPMOKX S S TBE%L L, RBET
B TUIE—ETHDLELLNDEDT, ZEALEE
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Table 4. K values in 22Cr and 5%Cr steels.

Holding l‘
temper- o ! o t o o ° -
Steel Sheroid- ature 800°C 850°C 900°C 950°C 1 000°C Remark
. izing
1 cycle 1.78%10-3  6.29x10-3  3.66x10-2 “
524,Cr steel 3 cycles 6.02x10-4 | 3.64x10-3  5.63x10-2 — 3 — n=0.32
i 5 cycles i 1.15x10-3 | 2.76x10-3 i 7.42x10-3 | -
294Cr steel H‘ 5 cycles ﬂ — — — 2.69%x10-3 | 0.85x10-3 | n=0.30
05 (a) 820 800 775 750 (°C)
o} / '
@ = 69.2Keal/mol
- 43 =
o3 » 800C ‘e
o 820T w 01p
e e x
o5 (b}
/‘ 00, i 5 A A F's
~ o} ,/1;::§:5?5j5;2’r// 0145 46 47 48 49 50
=~ . g L x10%
g -05} . - BT " 10" (mol/cal)
o x B50T
g ot * s Fig. 12. Arrhenius plot of kinetic constant
T En— in 0.89,C steel.
o5} (c)
- ol - / 1000°C 950°C S0C°C BS(C  80C°C
-05} . ”‘/ © 0.8%C-2%Cr
) X s x 950°C b
-10 .‘ - 1o0rc Q=782 Kcal /mol
R T R 8
2 3 4 5 x Yo 08%C-5%Cr
log t (sec) gp Y !
- ~— \N
Fig. 11. Logarithmic plots of fraction of undisso- -3k \O\Q:BI.SKcal/mol
. lved carbide against logarithmic holding AN
time 4t various temperatures in spheroi- ‘\
N

dized (a) 0.8%C, (b) 2%Cr and (c) 5%

Cr steels. (
COEEFEE LTHDOERETOKEL LT logk & 1/
RT OB askdtz. *OFERH Fig. 13 T, EHE(bT
FAX—FkdD & 2%Cr §HTHE 78.2kcal/ mol & 7%
5. 5%Cr AT 2 & LD TEERLz A VX —D
{EAkD5D T & TVIER D B D5 HEDT-DIKDB
& 81.5kcal/ mol &75.

DEDOERXY, BthoEAHDRDHOERILT %
LxE— 2 LT 0.8%C T 89.2kcal/ mol, 2%Cr §3
i3 78.2kcal/ mol, 5%Cr #§Tix%9 80kcal/ mol H35
bht. tnbDERA—2ATFF4 rHFTOCOX I
BARTEOHBHOFEHL= AV F— X D3 PEHKE
¢, Hulit CRFOLOEEEELIIEZ Lhvigwy. Cr
MR EZLONDEDRA —~AF F4 @ Cr OYREL
BERRTHD. A—ATF4 bRIEBEFD Cr DAL

39 40 4] 42 43 44 45 46 47

] -4
WX 10" (mol/cal)

Fig. 13. Arrhenius plot of kinetic constantjin
29,Cr and 5%Cr steels.

DIz DEMRILT A VF -2V THE, TTIRWLDOH»
D - H 5. F DX Heumany 520555k
40.6 kcal/ mol & MRS v D5 GrUZINDIRK
37z 97 keal/ mol (0.03%C §FDIHE) £ TH7x v AE
Bz D IEb2EMAR N5 . 2N 5O H T GruzIN®
53 0.829%C 2 &8 ¢{57- 75 kcal/ mol, ¥ 7- BoweEn
5207348 7- 69~70kcal/ mol 7t ¥4, 4 [E®D Cr DK
LB ALDOBEITE L N EL = & v ¥ — T LAY
WEZ R LTy 5. HiLLert L2 20 HEELT 2
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0.82,C s X ® 0.8%C-Cr B OHRRKILDDOA — R FF 4 F ~DIBRAZITDOWT 1247

WX —EOE 6> X1, fx OWEED 150~200°C
T F VIR AR T O IERE SEE KD &1 TR
WBHDEEHLTWS. & LTH AT 7-650~800
°C TR, 7 50N Gruzin, HEuMANN 5,DfT70D
72 900~1200°C £ CORRETRTEDT, A —2F
F4 brhd Cr YRR REOSERE rE (D) & LT 0.08
cm?/sec, 75 LOWCTEMEL= A0 ¥ —(Q) & L TIE58.5
kcal/mol D{E#E TV 5.

4 el Cr D RILIIBIAZ DB ITEL N EHEL
T3 UF —, #9 80kcal/mol &\ {EIIZHE TICES
izt —25794 bad Cr QIR D - DiFEE{L T &
W —EEHE LTS EDDITIREARETR. L
L Cr DR BT 5ERIb 2 v ¥~ {[E527 DIES
DWTWAESE, 60 HILLET 5 DIEESAREERD
BRCLDTREEDLZEDPS, FHbz A vF—DHiD
#6454 B0 Cr $HORICIIEALBIRD, F—2AF
74 bhD Cr OIEEHREBRTH 2 LHIET DITRE
TOMERH L. T TILOHEEZE LI 50,
WAGNER?®) DSERARFL FDEE AP~ DIFIA L BB 2 BETT
BT WIciERLE 7 ov (AANEREES A R EF L v
EIRGE) &b &g, Cr OIEEAENET 5 & L7zB a0k
RRALOEERAZE I BT HRROE(L & FHE L Bk
8, SEBRE &I U THh I BRI ()R EA V.

r—
r2e—ypl_ Kbl NPy e (5)

ucem — uT

ro ORERER (¢, (sec)) iK1 BRI DT
BLEE, ro: BRALMIODWIHA (¢ =0) FHRE, wcem @ RKILP
o CriRE, o RICIBE AL RECPET 54— =
FFA bEHD CriBEE, uy : F—RAFF A4 b EHOW)
M(=0) Cr jBE, D: A — 25 F4 bhd Cr Okl
R TH 5. HERR ¢, BN LaBhic X >TwT
NOREDHET b EROFBHRIERE A 1 min 5 L
TR A BIARE (1=0) £ L, 7 W EX ORFOFE R
BxR Iz ue Oi»Fig- 8 & Fig. 9 7 Hixngks |

min COERY RILMEEEZRD, HEMoFHy Cr i
Erb, RIEWE LTEEND Cr E2 0V TR
RACIERH RECEBICFEET 54 ~25 + 4 Frho
CriREZB5 L LRBEELERARETSS. 4 Mz Fig.
10 TRL@D:EE, TihbbEEEMisEtLcd
BERICHOBRRES T —EB LD, BRI Fo
FALINFEEVBEBDOLNLGEBCE T L — 25+
A bEHD Cr iRE w’ Zko7z& FUHEBICIDK
HINE ul kUiz. ZOBERIEMBKO{LEMRK T
BRAZBRICEVCTLTE LAV EREL, MG, &k
O MGy @ Cr jREE VTR D Table 2 @Rk L%
vz, ol WS RIERE (r) OFE$TH» 5

2 SEEr BELL T —ETHDEEELTHEL
7o. VRELGRELDVE HiLLErT 52 ORI D, 7 50
QzRVTEtHE L/z. Table 5 iz 5 EERK(LMIEEFT
o7z 29%Cr $§, 7t 50N 5%Cr $]1C 2 W TERIKIRAL
%mﬁﬁifﬁb:i&b‘6%7%:1*#%@60)?&?%%%9:}%\/ et =4
ﬁ,taohr@ﬁﬁﬁﬁ&%ﬂﬁ%ﬁwfrf B
ﬁﬁf®ﬁ#w¢h@%Amkwf%%@%meD%
REVEHRBR LN, WEEI»E D X< —FT 5.

DEofER» 5, R0 Crilic kg 53KR Lo
BiABREA —~ A7 94 v Cr ofisliEEc X 5
WETHDEZEZDIOPRRYLE PN A.

KT 0.8%CHMDBHFICOVWTETERT L. S EIE
LR DEE AR D Id DIEMILT A0 ¥~ 89.2
kcal/mol ZiFAZ @ ¥ S C DX >R BAREE
DIFIEEARR TR VW L 2 BkT 5 LEITighs L.
r-Fe DOHCIROERL 2 Vv £ —1> T3 Burr-
INGTON2®) &5 D38 Ty 64.5kcal/mol L XT3k b, F
7o Si,Mn R EDA —~ZXF F4 PR TOMBOERE
FF—19 Fe DACHOENEZERICTH B Z &
A5 WELLs?®) LIz X D CHEINTWS. SEELh:
ERZNLEBRBESTHFOFEELT A Vv F— 1T ek d
% & %% 10 kcal/mol FEE A X\>. MoLINDER® |3 Cr %

Table 5. Experimental value and theoretical calculation of mean particle size after holding
the 29, Cr and 59 Cr steels which were spheroidized by cooling at 20°C/hr from
800°C to 680°C repeated 5 times, at various temperatures,

Particle size after holding, ¢

Holding Holding Cr content in austenite ! Initial (sec)
Steel temperature time ¢ Initial Equilibrium particle size Calculated 1 Expernmental
(°C) (sec) ury (Wt%) u?  (wt) 1o, (#) 7, (&) ! , ()
! 800 | 1740 0.73 | 1.67 040 | 0.397 - 0.39
29,Cr 850 ” 0.80 1.96 0.40 0.389 0.38
900 v 1.32 2.16 0.39 0.363 0.35
|
900 1 740 2.12 3.53 0.30 | 0.280 0.27
59, Cr 950 420 2.25 4,20 0.30 0.281 0.28
1 000 180 3.02 4,68 0.29 0.271 0.26

— 99 .



1248 % & £

s 62 &£ (1976) E9 2

0.19%&FHT 2BINMMORILBOA —RF 4 b~D
BAZBETHOWTHEZE L 200kcal/mol DfEM:{Lx %
WE &5, RICWIBEABRIRERCEETCDHS S
LERLTVWS. SEEBSALEEL 2 VX — IR
HEGEEE Ui MoLmnber D X D idris D/hEL
T LABHMBESEILE OO FiElL 2 v ¥ -2k
V. Jupd? SERIEIIDA — 2 F F 4 FHhOERARBRE
WEHED Fe-C 2TLHRTIRA—2F+4 bdpTD C
DIEBERE L E 2 BNDEPEERTD 0.8%CHEO LS
Mn 2EF L@ CRREMOBRALZIIVWELLES LL
BB ERRELTVWS. FLTEFOBERELT
RILHP~DOMn DIRFEIZ X 54 — 27+ 4 PRALTR
MR ITBCREZT(LICIZLOTHAS EHRELTY
. F L 5RDEEFN/ORLOEBHEORET
LHEAER (Coupling) % & o TEHPZILAT 561
FARFREOMNF Y AWCERL, LOBSTRE
DOEF DEZhILERE (effective diffusion coefficient)
i3, MEEASTVWBSCERL UMLKY, L
TANE-MNAELADILERLTWS. 4E 0.8%
CiTEsNn/ 89.2kcal/mol L WSENLD, T~ RF
F4 bR TOC LERVNEETEOMEEMRZ & %D
FoiRELAS 0.8%CHTOR{LMDOE R @R ZHEL T
Wi EEZ LR V. L L—F TRFREEIGE
WOMREKE D H D, FEMISHBOMECTFLND.

4. & i

0.89%C §H7 50 0.8%C 2HT5 2%Cr X O
5% Cr $RIC RILWORIR LR Z b L CTIRIL DK E
X, Mk, EEAZEX, ThOoZHRKMEALTE -2
FF4 MELc & EOR{ILMA —RT F4 b~DIFIRSH
KoOWTHAEL, BIERO X S LismEiit.

1) BRILWOKE S DERALCHT DB OWTI
0.8%C TR DK E WVIEEEASEE /N
XI55, 2% Cr SETRERRILAIBLE T X b Kb
WRELHEDARELSELZIRDHIEHBTERNIDORI
D, AL EECNT 5 RICINEORE ZIE>E R
DBH T LT EHIOT.

2) F—2FF4 MLBEOHEAHZHTHREIK
X, BENSBVIZEER ZEEKPK SRS Tk
Cr $Clid 5 R LLE T WRIBAERILD ORER
PIRETHRE 5 —EHICET 525, TOMHEICETDHET
ORBESE VFE EEr V.

3) RLWOEAD OIEMLT AV ¥ —iX 0.8%C §3
“T#J 90 kcal/mol, Cr Z8Ci3 80kcal/mol BETH 5

COERE LI ETF VD LONEERE» L, Cr 8
DORILTOBALEBBRIIF — 27 F4 +pd Cr DILAEL
BEARTHBLELLNS. L L0.8%C §3TOH
EARERIAEBRERZ I » S53E Lo/

WD EES, AIEOBFRITICE L TEgEI VW 28wt
ERRELEERNC gL, AENS B3R 5T
AR ER N P 2 e (BR) 1P B AR TR RS iR
LEHOBERLET.
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