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2-1 fES

F1E TR Lo, B THE T 5 &M oM EHIIX JIS SKD61 78% <
LAV TS, SKD6L (ZIFBE AR EREE O 2 B E LT, Si, V, Cr, Mn i
KFOMoMEENRTWVD. ZbDOGETRITEIMYLBIMETERT DI, BB
EANBIZ LV RSN RBMEKICKRESEZET LI EEZOND. HIRERRE L
HL-RBEMABICOWT, REMTOREIZH LN, A&k rE0McET 2%
FITRY =5, £ 2T, SKD61 & H\T, BMEmELALFIC L IR Sh b £E
e ZOMEZFBEZF N, WERIETH IME(BZOBLLI L DENEI LTS
ZEE LTk

2-2 RBRJGIE

BRI TR @ JIS SKD61 % v 7z, Table 2-1 [Z{b5 oy & ¥, BULEL, FEEE
O LB & FARIZ, 1303 K T 20 min JEANTR, — Rz HEgL LT 883K T2
[7] 120 min BERE L 217\, & &4 47HRC & Liz. Z Ok, HEHUINTIC THEE 32
mm, EX3mm OMERBRAFZERL, 800 Ffl LiF & L. WX, REE, >
TUVBEB IOV T AMAeMEE G R, ATF A E LTI F UL, FRITABIOD
VY LxZLMHROBKENTE, TFIUVLABIOH ) v LAE2GREBD 2
HAEHWE., ZROHHEWICT823K~873 K TO0.1h~10h LBk, Z=EmL7-. /IR T
DB TAT 200 mL/h ZEQDWRIA L 24T o 7= LI, 2 b OREBR A % Bk E i 5
FOMREALM & L5 REMZE ORI (REL+BE) 13, BRE{ZoRBRA
DE A HFEY, BERIZT 673K TO025h - Lz, BLimITmiE s < —2 & L
EmAE AW, B1ETHEL LS, B O H CTlE FesOs D i EEFEME DY &
<, BAEMIENTEBEBOEI I Ilum BEOTHL. £z, BHEOHER LI LUK
EACNHEOREL ECREAE AT L, ROkl L OEEBEEROHFILHIZ LY
MEAMEFLTLES. 22T, SHOKEZEOBICAHEIL, FesOs 2B I ED
WET, K1 pm OFIEZEE S5 R MFICTITo 2.

HELEE D B 2213 e A B 35 K OV FE-SEM (Field Emission-Scanning Electron
Microscope) & H U 7=. £ 77 H11% EDX (Energy Dispersive X-ray spectrometry) I35 J 8
GD-OES (Glow Discharge-Optical Emission Spectrometry) %\ T{T->72. GD-OES ™
HIEFHMAITER 4mm & L=, FEHAMROM LS XRD (X-Ray Diffraction) | i %
& a2 HWT, CoEERTYATE — LEICTARM 9° THIELZ.
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823 K T 5.0 h /LB L 7 FRek b #f 36 L OMREALM, S DICE L % i L 728k = Ak
+ER{bAT D FKJEHL & Fig. 2-1 [2R”" 3. F72, 2hbOERBEMEEDO XRD A7 L%
Fig. 2-2 2" 7. & O S TEFAICEKR & PATIER L TW Dy 2 7. Mk
EAMICIE, RENOBE, ERbEMES I OEREBELER L Tz, =
fEMiciT =R LOEREMENER L TRV, REA+BAMICE, Bk
EAbM L AR, EDICEORIICELERER L CTie, BRE(M O R mfh o=
L& I IT R m D DN T IR A RBBEI N0, BIEMIZE W TiTA
Siienotz. REA+FBRIEMIT, FEBICE > TEHRILAYEB L ORA FOE SR
AUz, LaL, BRELENRDDSTARA RBBLEOE FTICB L2 Sz, Fig. 2-2
L0, BLIE O EEET, MBEEM TIX FO ICEB LB Th Y, ®El+
fE{LH TIX FesOs Th o7z, BRILEWRBIIVWTNOEE LIREM &[RRI ¢ -
Feu(N,CO)ix D EERTH o7, FUBEEMHFICTHRKINZBILE, EFReaPEs LV
WHEPLHUE OFE A E X, AHEEBIOHMICLESTRETH- 2. 72, M=
b OB EORE S 1L, REA+BIEM IV BELIIREN ERbholz., BRIRELL
MomitEicERBT5L, ALAECTRERRRD. 22T, KEMBRICO W T
T aWE L. Fig. 2-3 10”77 X 918, E(+EBIM ORILED 51X Fe B8 LV
OB &z, LA L, Fig.2-4 127" 7 X510, BRELM TIX, BEOIEIX
FeBLUDOMLRDN, NEIZESHIZSIiBLOCr AL L Tz, Fig. 2-51Z GD-
OESIZ X RN O DI FERE DM Z T . MBEE/MITIX, BBy Th D Li
PEBLTWDZERHLNERoT. TOREL, BEEOHEL LUOHEICE W T
T 2% TH Y, EFRAWEBTITLOTNTIED 2 LML TV,

2-3-2 BRZEALBIZIVBRINDIREOREZES

Fig. 2-7 ([CFRIZE LM B L ORE/LM IcB T 2B LB L OEHRILAEWE O KR 2%
AR d. BREMMOBLLEL XOZRLEWEIT, KR EEICELS o7, Bk
J8OREIL, ABICHE_RNEO TN EN S . BRCAWEOREFBNIE, KEH
T D E, MO 1.0h £ TIRRFICHKET 22, TO®RITIHFLIELL o7,

Fig. 2-8 I[ZEHR LM ICB T 2B L OER({LAEDE O E S 12 KIETEREE O
WELZRT., MEBENREWIEE, MEOKRET#HER 7. £/, 873K TiX, Bt
JEOREDTNEFRCEMEORE LY bENZ ERbhoTc. Lo T, BIKE
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LA S miR SO RIFFE TH 513 L, BRLER L OEFRILEWEIZERLT 525, &
EOMBENELIVBEETHDLZEDRHALNE R ST,

2-4 E5

iR ELIc L - C, EmICFAE ENBICOPNTBIEENEKAL, ZOE FIZiX
BRILAVEB L OERLHENERT D, TOBRLEONES LONEIZEC) F
U LEGT FeOMBRDN, NEBICIEZSIBIOCCr BB LTWS. SiBLOCro
BAbiT, BMEV LEREBHZ RV —NELOLETHS. LEN->T, BN
FTWICEZD L, BLEBONBITIT SiBEMB LR Cr#Bbtm e LTHFEIELTWND &
EzoND. LaL, #HERMICIE, CrldEREOBMMENRNBIZH, CrN & LT
FETHZENEZBNS. SKD61 21X, VBIUO Mo BAEMENTWSHR, 25

TCRITBALEITITIZEAEEE LN Doz, VB IO Mo l3BER LLet
BICRERECRADERRL L TWDH T2, RE~OIEHPEN ENEKO—>DT
boLtFEZOND. —F, MEA+HBLLIIZ LY, BREAH & [FEEORERE
b, LaL, ZOMLEIX FsOinb R bHETHY, MIREH & LL_IEF
CHE L, BRIEEWEIIERA RBFEET H. MEMLHEIZB W TERINIZARA R
D, HBIZE > TTRTRETETICEGFLEZD TH S, TENICHLEREOHED
EAWTERTRES D, TRICK s TEEBEORBICBNTHLARA RBEFLT
WaEBEXLND., Oz & X0, BIREAMB X OHRE+ BRI O£ 8O
B} % Fig. 2-8 |Z~7.

Fig. 2-6 L v, R OBIMELE TIX, MERORE(QAIICH N, EHELLEY
JB DOREFE AR, R RRERICB VT, EFRAWBIIEZEON T ILEIC X
DWIRET2ZLBMbONTWAHDE, L=~ T, SKD61 OFREICIET 5 BLE M
BRONGIEHEZME T L EZONS. TOED, SLICERMOLHEZ 4 L,
AtJE X R LT 203, ERILEWBILHEBLT 2 LIS, 22T, Zoikk
JBNEZETHRETZO0ER57-0, 823K T 24 h lRRE LI 21T >7-. 24h
WUERFE DML R L OVR AL & Fig. 2-9 1ZR 7. M & L C 10 h LB O 4L & R
T 24 h BaREAZICIE, REMIESEL, 2HOMMBEE I, Wimkak X
0, EFLEVRBIIBILINTHELS 2D, BAEK 20 pm & IEFITEL 2o T
T, KRkx R VERIRE R K OWFRIC L 0 ER U 7= R g O JE S 23 e 5 8RBT & T2 A
K, ZOoMILEOIZBEEXBLEONEL L UONBOARIHOEIIZEKFL, TDOES
NEI10um L0 HEL b E, BILBRIEIKE LTS R ERlbhol. LED
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ST, MEERZEALLEE L7z SKD61 IZB W\ TiX, BibEosEs X UONE oA DE S
F10um AN E 725 K9 R GHEZRIRT 2 XETHLEEZXOND.

7o, BALEORE L, EAHEREM L0 SEBRELM OB LNE Y. Z
M, WFNRE LB ORESREE ICER T 2. REBRICK T 2 BRKE LR 0k E
1% 823K THh 52, ME/LBZOBLLIEDEEIX 623 K & 200K K\, F7-, FeO %
721X FesOua B 72 DL O K 1%, Fe O FILENEHETHD L b Tnb
O ZNENOBALY T H Fe DILHUEE L, Fes04 LV bW TF A EHLOZ
W FeO 3@y, L7ed - C, BRiRE(LAEE & A kR O QL BIR L 45 X OVRER] TR
UBRZH L7= & LT, BEEMICBT 28BN REN+ BV ICB T 2R
LV BELS DB X 65, Fe-O RIKMER NG, 843 K DL ETHULEE T LI FeO
MRS, ZOREREIIMBIKECAIBICB T 2BEBORE L EHUTESZ XL
AR, BIBTUETHIEEELBELOBHOBIEALSZS. LER-T, TEN
(2% 1 pm LA F O LAABE A it S 70Ty 2 B0,

2-5 #WEE
B T H8TdH D SKD61 2 VT, FRERE(LPIC L VB S 2 REMEM &

DRREZEEIZONWT, RE(ZITELAERT D 0EKIE & Il U TR /R, LT o

ZEDBH LN ERST.

1) SKD61 |[ZEER BB 2 fi ™ &, fERIE & RER, Rm»rbmibE, EFREED
BRLOERLBENEHR SN D.

2) WERIEOBALE I FesO4 g Th 5 DITKt L, ME(LLBEOBILEX, VT v
LEETe FeO b7 544 @ & % D FeO HIZ SiB{LMINHFET 2NE O g & 72
2.

3) WEREOEFRICEMEHRIZHRA RBHFET DO L, BIRELIE D Z LI
EBThHD.

4) BREELIICEB T 2B bERS L OERLEWEIX, BECLENESER»OE
R T D IZ CERILT 228, HBEOHRENIVBETHD.

iz
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12 - @ Oxide layer -
" O Nitrogen ////
10 [ compound layer/(3
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Fig. 2-6 Growth behavior of surface layers of in SKD61 oxy-nitrocarburized and
nitrocarburized at 8§23 K.
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Fig. 2-7 Growth behavior of surface layers of in SKD61 oxy-nitrocarburized and
nitrocarburized at 823 K and 873 K.
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3-1 5

W2 TIE, MRRE(LALEE A i L7- SKD61 OEEMA & Z O EBRREEF . TOR
R, RE»oAE ERNBICYPNT-BLE, ERLEWES XIOEREBEI BRI, B
fLEOINER LOWNEIZY 7 A% Eie FeO B2, NEBIZIEEHIZSiBLUCr B %
OB THDZ ERWA LN EIoT. — T, ERIETHZMEL LA A ET &, B’
WA & RRRIC R T DEMLIE, ERAWERL L OERIHENER S DD, £ ol
BB Fes0u B b HETHLH Z LR broT-.

R FMNCIBW TS, BRERE AT X 0 R S iz B b I XM EEREE I BN D Z &3
Mo TNDHO. oL, AefillcdsiT 2 Bk (AR O BEEFEREIII 5 022 > T
V. SRR A T L, b O S IERR OMEEIC K o TEBIE L o REE BRI
flSn D70, MMEREMAEIER L3252 ERME SN TVDO-®. 51T, BbEOHEIC
Ko TIHEEFEEN 72 0, B A AT 2 SR LfE O 1 Tix, FeO < Fe:0s K U & FesO4 DI
BEFEMEN I B END Z LML TNDO, L L, AEmt s &g o BRI e
PEREAEMEITARON TV D NO-O, S g g Cidk < Skt & O E OFHE T
HoHID, BEBRIEYIE OMEERENE~DRZENH SR> TV D SN 27200,

M7 IBLOT NV IEETITET D HigkE L OMOBEEEBIC O W TIIEZ <G shn
TEY, IFFHHINTWHO-0 w—<—7  SRIFmHORIFIE L OEET A 7 VIic Xk
DRAELIZE— N TF =y 712X 0&RORTAHL LIZGINE, 7V S8R mERIC
BT D, ZZTET AR LEROMEIEENBZ Y, SR T VI ARG ORI 2 B 2
% &, $HFEMIZIL FerAls, FeAl; X° Fe-Al-Si 05 72 2 & BEULAEMINEKR SN D. T D%,
CREILEMORE, 1Z<HBXOHERZHR L2, WHRMETT LB n T
L. SNCHRECILEE A T &, REICIXZEFCEVBPIERT 5720, TV IBesD
FOSHIIH S5 . 4T, #ECABRICN 2 CEMLAE % i3 &, SOiliT L 2 ik
NEBITHETHZ ENRMBENTNHID-09,

Z T, RETIE, AIETH LT LB ECAEIC XV Bk S D RGO T ERE
P KON T L I %, RO EL BRI L L, FIONCT 222 AL T
5.

3-2 EBRRKFE
3-2-1 REBRA1ER

AR IR 22 B0 T B4 T % JIS SKD61 A4 80 % VT, B 2B L7, JEEfE
B AICITER 32mm, & 3mm OFAGER T, 70 I EEFABRICITER 16 mm, JE X 100
mm O AR Z vz, ZHh6REBRA % 1303 K T 20 min BEANE, BERE L O S A
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FI4THRC L7225 X 912, 853 K~883K T 120 min FERER L A21T 72, BB DALy
% Table3-1 |27 D%, REAMEL, FEERE(LAE, REAE, J JOMkEb+ i
BALER & L7z, Zn DB, AiE & [FEROHER 2 T, 823K~853K T0.5h~5.0
h ALERRS, 22 L7z, BRI AN D, BEOE S OFIEICIE, MEREAE 2 D 2 L0 hE
HTHDLZ ENDLN>TND., £IT, WHEFFHOATRIEEZEZ T, BFNOEDES
ZERLL 7.

3-2-2 BEEREEFERER

RV ALERRA D FERER 72 BERBERERAE 2 R D 72D, R— A T ¢ 2 7 REFERTE %
AWTITo 7. RBRICH W2 3EE OB % Fig. 3-1 (SR d. 2 OB TR — Ll % [E E
LBz s S S0 chH Y, BLVICLrEMESNTHS. HTH OEEREL M
LB OfEE —EICT 5 BT, FHFMICIEEEE /2B 9.525 mm O 7 /L X FEk () 1700
HV) ZHWiz., % 0.098N~4.90N, L« 5 @d L 0.1 m/s, RT3 mm, BRI
fiZ1.0h &L, BEWE FCTiTo7. ARB T L724EIE 1l um~ 10 yum DEETH Y,
FEEREDEEATICE b > TE T OROEENET 720, Lo JBEEHII—E L L. RBRIRH
KU IR CHIXHEE 34+18 %D HEIPHNIZ TITo 72, F£72, RERIT2~4 [T 572,

FARE OB EITOL R MBI L OV FE-SEM 2 A=, REBRG OEERERIE, Lw ) BE ORI
A2 L ——BMEEICCTHIEL, UTORICTEREELZFEH L.

V= 7TT(51+SZ+S3+S4)/2 (1)

VIZT A7 R OBEFEMRME, r IXFEENEER, S~ SOXBEFEIR 4 2 ATicB i 2WmfE Ch 5.
EXDOREIZ~YA 7 v ey 1 — A SR B2 T 50 gf TITo 7.

3-2-3 TOAIRHERR

TAHERBRICH W - 2B OIS 2 Fig. 3-2 (9. 7T A482iE, TAIshEi e LT
Z< MBI TWD JISADCI2 & vz, {b*#Ai5r % Table3-2 (2" d. 7AIB&IET VI
FHRLY RIZT 923 K~ 1023 K THEMSERFF L7, ZOBEEGITRBA A& —IZIR0 417
72 2 ROMARER 2 21E%, B 512 200 rpm (& ClElE S8, Fr@ R BRGE % RlEE £ 1k,
gl& B CaEm Lz, BRI 0.05h~2.0h & L7,

BHRIC X D EEACEITRBRAGOREREE LR, RBRGORER, BAREST Y
U LIKEIRICIRIE S, (& L2 T VI @2 RERICIE Lz, 3BT OREEREIT
SKD61 DEE T D 7.72 g/em® W& FAWTHI L7z, BHEEOMBROMITIL, 7V I 3Mf1E
Lo 0k i 4 Gk LIFEE#%, 17 - 7. MARBLEZ 1T IO F 3SR 3 L OV FE-SEM % [y,
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TCHEIEE DOSHTIZIL GD-OES % iz,

3-3 BEEEEFERBARE R
3-3-1 KBtk

FRHR ZE AL ALER S X OMR 2 LR R L ALER U 7= 388k i O Wi Lk & Fig. 3-3 1O~ d. FRikZEqL
M OFRMIZITH S um OFRLENZR L TRV, ZOE FIZIEH 6 um OEFRILAWIE D3R
LCWe. BfbE s g DE S 138 3um, &-aBbW % & Tia{bfg O NE OJE S 134 2um T
boto. —J, WEABEBLHM T, ifiH 5K lum OLER Z O 12 um OERILED
AR L Tz, ERIEAWEHRITIER A RBEGF L T, SRIBEGTE S Ikl
M, BEAEBEM & DA% Th otz 2B, T XTORBRNF ORI XFRED S
HTHs. Fiz, HEIFMEETICTRATITo7270), REOM LELOFEITEATE 5
LEZILNSD.

3-3-2 KRB ORI

Fig. 3-4 (2 49N (2 CRRBRTE OB LM B L OMRE(L B IRLM OB ER 2R~ T. OB
FEAHES T 7, 3 HORRICE T DEEREORKE L K/MEEZ =T —"—TrRd. RBRO
FhER, EERREEALA OTHERENMEY, ME(BRRIM IZIERE WS E R LN E o7, 22T,
FRER (LM IC BT D RBHMED > b, EORBMNIHEBFRMEICKE LS FHE L TWEONHS
O, REEMEL, KEOMBEREMELEEMMT 52L& L.

W EER% OFRER T O WALk % Fig. 3-5 (R T, HEROREZEICER T IEOESIX, £
LA Li-FeO B354 3 um, Li-Fe @B {LE K 1 um, EHRCEWED 4 um TH o 72,
Fio, HEOWEM OREEAME LR, R MEWEIIK 10um THY, REH1HK
dum OFIHITIIRA RRA DTz, KJEEE L T-BIRE(bA 2 AW T, i & BRSO
WTHHRTZRE R A Fig. 3-6 (O~ d . MLENEOBEREEN RO RE L, EREMEDOERE

X, RAEMTITNI VR, 49N TIERESER L. —F, BEENBIZEOMEIZE
WTHEREREI/NS D oTz. LON £ TORMLEINE OEFET, MEOMME & HITHmL
72, INDLETIEHMIE L. 20 1.ON L RIS T 2 BEEEOHBOM =1L, BtENEIC
BUODHEEX LR CThH- T, ZRALIVGOTZ 049N ITHBIT 5% O L 5 E) 2 A% Fig.
3-7IRT. BLEOANETIZZ 7 v 7 B3RAEL, MLWHMRA LN, BREED/NSWE
FLEWETIE, Lw ) BEICIEM/ N 2NN A A B, igiE s hThotz. —7,
WEIZIZEAE L YSOBIOENALNZRZWIEE, OB L YBIZATH-72. WIZ, it
FEFENEIC RITTERMLEWE T ORA FORBEZMD570, BRIKEH I X OHREM O

EHFRLOWIE OMEFENE % bl L7, Fig.3-8 £ 512, BHRILEWEORA RITmELENE
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ZIERTSEDLZERbhroT.

3-4 T IEERABRA R
3-4-1 KRB
P2 (L ALEE, a2 LA IR AL ES L O (AL B U 7= 3Bk O Wi 4% % Fig. 3-9 |Z7R
. REOHENEE LB OBIRTH-7-Z &b, WEOMEAZE 2T, REORYR
DRk A R U7 BRI I I3 E E B A A bt TR 3.5 um O LE, REbkikL
T 0.6 pm OELIE, #EEALM TITH 3 um OEFE(LAME R EH IR ST\

3-4-2 FEBMBROT I BB

Fig.3-10 |2 (a)953 K B LT (b) 1023 K (25T HIEHEMAREORIFEL A ~T. 953K 2B\
T, REAAIL 0.5h LI CRERT & & BRI HETT L7z, —JF, REICERLE AR L TV
DRI B X OMRE( LR LA OWHEIE, REM O L FTho72. LarL, 1023K

(Z TR A AT o 7o G R, RE M &L IRE LB b 1L, SBRIER & & b IR T L
7203, BRHREAMIE 2 h B LIEEREIT NS WEETh o2, BB OBEORNERFELL
FRD T, KRBT OFKm LG E ORI OMBBIE 21T o 7o, WIRBRAZ LIRS T
1023 K T 0.5 h ikBatk oWk % Fig. 3-11 (277, BRIREM 2B < T TORBRA T,
R E TV BERE & OIS OB A L. ZORIGEE, BB O Fe &IEE
D Al ERFOE L TR LTE@BREEY TH 200000 L E 2 bis.

3-5 Z5
3-4-1 THEEFEMEICKIETEM LB ORE

Mfbig Do E ENIE T, BERERENIRE < BiroTo. Lw 5 BERBRIEICIE, WMEAEWIE
ERWEBRNRAEL D, 22T, MEOBRNREEREZRTT 2. BIENEIX) FULres
T2 FeO T, NWEIZZNIZ SIS £ 5. GEEBRIEWN, SiOy & L TFEL TWD &)
ETHE, TOERABTFLE—L, FeO BN bE <, KT LiFeO,, SiO, T 51909,
Lo T, BtEORNBO R, HME X0 bBMNICZETHLEEZXHBND. LL, Fig.
3-7 CARLEEBLBOANBICK T D LWEREE, T2 CIEEBcERn. 22T, Bk
JB DI &N DR A ST 5728, EBSD b 21T~ 72, BRERZE(LA O Erimiieg &
ZONy Ray 8T A N% Fig. 3-12 12T, RuEOBLW ORI FUIFIR CTH Y, $pum &K
XUV RITTH D, LL, ETOBLEIZT /) A —X — O/ ik 67, mEo
Siif @%%ﬁ%é:&ﬁb#ot.:@%ﬂ&ﬁmw@,M%%WEK@@M%%ﬁﬁEb
TWHZLICRINTLEEZLND. INLOREND, BILEOANEIL, RBRICE B0
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RENZH D B LEAWISNREET D &, BIEWOR R EZERIZr Ty 7 REEL, FEn
LT LEREDN T T2 LB A 6ND. —F, WER, RSB THLZLnb, 77
Y ZIFREALTHHER LIZS L, SEIZBW T HRIEYM OR%E 1% < BEZ & 2 BERIT A2 5
niginoltEZ b5,

EHRCEWE OMEFEMEL, A FICEVIRTT 5. EFREWEIETRIEANEIZHT
M EEFEMEITAR N2 0, BRHREA VM OINEFEMEIZIZRE < FhH- L. UL, BMbERED
FEFEL - RIZEFLAEWEATEFRMEZH S . LI > T, R FORWERILEWED S
THEREMEIZITFE LN EEZXDND.

3-4-2 TV I BRI RIS ELE D

FRHR ZE AL ALERIC X 0 TRk S B L@ it 7 /L 2 R IR IE R ICE N TV 5. Fig. 3-11
£V, ZoBtENSRBEEEDORREIEIT 27202 eBEZ NS, LhL, ZOFRER

HiE, BRENAEIZLVEREINTBILED YD, SMBENBO LD L0 T VI EHE
PEIZHFHG LTV AENEIAHATH S, 22T, DT 0TI 203EER A LN DO 1023K T
0.5 h #BR % DERERZE LA O WA 2 i~ 7=, SRR O W ARk & KIS 9 5 TR S5 &
Fig. 3-13 (T/R" 9. R IZITH 2 um ORLIENBIE STz nd, ERIEEMEIIBIRESLT, R
FZHEARRA RO A BT, RBRENC e CE g N e o 7ooix, 743
SOMEICI VB L0 EEZOND. 2, ZENOH 2um L D IEWALETIE, B
FOWNFIERIZ E by, VF T AR IS BNERICIER Lz s D, —F, REREI
ICRBLEE FICHAE L CWEERIEAWEIXIHA L W e, ERIEAEMER ST REH 5
%%@mMEmﬁwf,%%m%ﬁ%km&fﬁ%mﬁ< B Sz, RBRIRE IS
BWT, BEONFIEBIZE b2, ERILAVEBTOEFZRENE NS TIEIN TALE L
THEESNDOZ L0, BRBNFIEHT 22 ENE2 NS, 2, ZORERICEWT,
BRI EWEO—EBIIREERFATH D= OBNET D, LA ->T, 1023K TIEEFE1L
AVETORENPBBEL, R—FAREICRDLEBExLNDE. 22T, TAVIDOE—TIE
Hd 2L, 7AJEFRENHHK 6pum FTHEL, BLEE FORE LR —7 A 2EICELk
LTW5. 7T DOIHUT LY, Fe-Al BEENERINIZEEZXOND. T72bb, BvE
ZI LTIV I EH L, Fe-Al BEVAIADTIZAUC & 0 RFEIZRT 2 &, BebfEn i <#tL, &
BEREITTHEB20N5. ZOBLETOT VI OREARN —ETHoT=I &b, B
B DINER L ONBIZEB T 57 VI OIEEIEFRIETH L B2 D, DFE0, M7
BREVMEICRIT TR LE OO BT/ NEL, EIOEERRENWEHEIND. 22T,
VIR FE 3 K O 228 2 C, BRLIBIE & 2% 1 um~8.5 ym OERIRZE (AT 2 ERL L, IRIERER
Z4T>72. Fig. 3-14 IR LB DIE S L IO MR LZ R~ BILERREWIIE, EHEIRHE
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DINENZ EBW LN o7z, T7205, W7V IEEEOR RIZITmE R S N EE
THDHZENRDMh-TZ. L, F2ETRLELIIC, BILENESTES L, BILEICE
FNLRMOBNGNLL 20, F<BELLI < D2 EEXBND. LA > T, SKD6I IZ
BT, F<HEPBIZ SN2V 10 pm FBE £ TORLBIE S THIUE, 7L I REMED
M b3 5 LHEREIND.

LLEX Y, MBS L O T L I E A S 5121, BEEONBEELS 52
ENHEETHDLZEPH LN o7, T70b b, BIRE(LAIRIZ T 5L DOWNE % il
I B7DITiE, ETORMIBRZHLNICT LI EDRMNERIRTHD.

3-6 M5
Z0[E T B8 SKD61 % VT, iRk b OMmPEEFENESS KO 7 /L I BRI 2 340 L, 7k
IECUERL L 7R 20+ BB LB O R & R LTRER, DITOZ &R LML otz
1) EREREEALA OMEFENE S KON T L I IRIEMEE, R+ L 0 b ERS.
2) BRI RRCE A SRR T 5.
3) M7V I EHEVETRGE DR S O & blewnm BT D,
4) I HR5FHEON X, BEENEOMBHIENEETHD.
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Specimen

Fig. 3-1 Schematic diagram of wear tester.

Specimen-holder

/ Specimens

T =1

Heater - _
Immersion

length; 30mm

1.

[ron pot -

Molten
ADC]12 alloy

Alumina B
crucible

Fig. 3-2 Schematic diagram of equipment used for aluminum erosion test.
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49N
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Fig. 3-4 Wear volumes of oxy-nitrocarburizing (ON) and
oxidized after nitrocarburizing (N+0O) in SKD61.
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Fig. 3-6 Effect of consecutively polishing surface layers on wear volume
of oxy-nitrocaburized SKD61 as a function of load.

49




"N 610 18 P21S9) PoZLINGIed011U-£X0
uowroads Jo 1oAe] punodwod uogonru (9) pue I9A.] OPIXO JAUUI (q) “JOAR] 9PTXO 1IN0 (B) JO eI} TBIA L-€ *SIA

uonodNp SuIpIs

50



0.05

0.04 -
— Porous nitrogen
g compound layer
= 0.03 ¢
O
=
=
S 002
= 00] " Nitrogen
' compound layer
0 ------ | | |
0 1 2 3 4
Load (N)

Fig. 3-8 Wear volumes of nitrogen compound layer with/without void
in SKD61 as a function of load.
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Fig. 3-9 Cross sectional microstructures (a) oxy-nitroacrburized, (b) oxidized after nitrocarburizing and (c) nitrocarburized in SKD61.
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Substrate

Fig. 3-12 SE image and band contrast of SKD61 oxy-nitrocarburized.
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4-1 WS

H2BEB IO 3T, AWM T B SKD61 ([CERMRZE AL A i3 &, FHIZIZIE &
NREIZ o -gblE, EFREMEE LOERIBEIERIND Z L, Bk
DT EEREME S X O 7 L I EEMEITBbEONBICERT 5 2 26T L.
LR -> T, & 572 HMEEFENER X O 7 L LISEEO M Eo-nicix, BN E R
OB AL 2 ENEETHD.

R 72 W T2 IR AL IC W T, 2R E TIEE L OFER 2SN TN 5.
— I, TP COMECSUSITLL T OXUTHEVIETTF 50O,

4AMCNO — 2MCN + M,CO; + CO + 2N (1)
2002 CO,+C (2)
2MCNO + 3/20; — M>COs + CO, + 2N (3)

MIZTAA V&R THHT M) TLABLXOAI Y U LATHD. X)Ly T R D 5y iRt KOk
THY, FECZORSIZE Y ZERRBROKISHEBZ 5. —JF, EROME(BLY b
T VB ORE MRV ELIRICIE, BEORKORENZR ESEL0EMTY FU L
DIRME N TWD . BEREARITRBE N RO TH 572, SoRmIZITEE & [F
RRICER L E SR S VD . O, HIRICImasn ) FU AREREOEBLEICE Y A E
DT, REITIZY FULEZEHET LHBMIEMBTERLEND Z ERMBENTNDO. L
L, OB ORERE A = X LZHONWT, FSICIEMA STy, —FT,
SANZHWO N D8I, MHEREMESCEER LRSI Z [ ESE 2 B THeRN RS
TEYDO  ZnbOHEBICHITERCHBCISTHEL RITT. LT, EHMIC
B OHBREERITEM TH L Z RN EZBND.

EALCHELIZ L VR S N D BALMRECZ DAL A B = X LDZON TS < O
D=8 5. —F, SABEZIAT O BLOFETIC OV TR BTV HID-105 ) =
b & [FIREICHET T3 DR 2 LICEI L COWEMD~003/b 72 <, ERAMICHE DL T HEE nm
LI E DRt E ORI IZ OV TR I ST,

ZTZTARETIE, AETHEET XTIV Fe-C R84 %2 HWVT, HnmRkZEL
BRI X0 R S 2 RIEMKE & T OFEGRIRIZOWT, BLEICEBE LILCT LD
EEXHMETS.

4-2 EBRFGE

R A 1L Fe-0.4 %C ot Rht@% Ar ZHX T CT7 — 27 P12 TR 30 g, EAE 20 mm
~30mm DAL ARICER L=, RZ A=y ME, K& TF 123K T 1.0 h HEA L
L, X5I21303K TO0.5h FMNEVE, F383K OMICTHEANR L. DKk, 873K T
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1.0 h INEME, Z2Em% 2T -7, REOMILE ZHERE L, 800 3 £ CTHFEM: LIF 217
ofc. ZORBRAZ 2% EIT3FMICUIN L, MiE WO A L7, s
ATEE & RAROFAA E L, 823 K IZIRFF LZHEIRIZ T 0.1 h~ 10 h fRFf 14, Mm L7z

FHAR B 22 T IO A S s X OV FE-SEM & HlW . fEdaiE O RIE I, Co HEREZ W
7= X #REHT (XRD) #EIZLVITo72. S HIC—HOREBRF CIXER LA WE Oy
MDD EBSD T 24T o 7=, UF UL, [RHE, BRI LOEROES AR E S IE
GD-OES # W T~ 7=, #HFE B L ORFEICTHOWTIL, FE-SEM {18 WDX (Wavelength
Dispersive X-ray spectrometry) g5 % HW TR S FHORE S 2RO 7=, BmEfRO/E
FRAZIE, RFIRE 0~32%FB L OERRE 0~ 1.1 %ETH 6 S OEERE 2 Hiz.
ENHE~A 7 v ey b — A SRR E O CHlE L.

4-3 fER
4-3-1 FRERZE(LAARE

0.1, 1.0 B XN 10 h LERE O Wi 2 Fig. 4-1 (12779, 0.1 h TIXEFBLAWE DO HN
KETEE L TV, 1.0h TIEERLAWEE LICRRLENEA L, 10h TiERbiE &
BFRILAWENPHICELS JE LTV, £z, ZFRCAYETICITEE OZAEIC X -
TR ENDHRA FIBEI T, EFRMEWERED ONEICHIT TR\ LEE S
MICEREY (Fig. 4-1 TORED) MR L CTWe. LI, R OEERICEILm AN ERE L T
WhJE xR LE, =OHE FOEIEENICER LTI EEERLAMEET 5.

ERBPHDITEE LTz 10 h BRIRE LIV T, BEIZEH L, SEM BB LW
EDS 73#r 217 - 7= 45 J % Fig. 4-2 33 X O Table 4-1 (2777, B{b# & b & o Sk X
THY, BN ZAY & ORIIIIRA KRR LN, ZORA RIZEREOF KR
(AR LT=DD, &2 WIIHHEIZ Ko TR I%E LAER SN TZONIAHTH DS, £
i OBILE & BHRILEDEONBICBIER SN2 BILWIZ O W ToNr L7k R, ®E, B
BILOBOALBRE SN, 72, RO TR LT NICEOEEENE N Enbho 7.

10 h FRdk 22 bt DR S 51D Li, C, O B L N Fe DIEE /i % Fig. 4-3 (-7, BR{LW
T fec ETH Y, REPITLIRENELS, BMHAMTFeRENSWI ERbhoTz. T
I%, Fe DAL, 72O NTIBMALO Li BE OO OWFILEIZ L v B bER KT 5 2
EETRELTND.

Fig. 4-4 |Z XRD JIEFE R %77, 0.1 h TIL FesN, FeuN BEL WM o-Fe DE—7 RA LN,
0.5 h LI CIZEDIZEtH E B D fec HEIZH KT H 8 — 7 bR Iz, ALBRREH]
C X DB ORI — 7 7 NMIA LN/ -> T2, Fig.4-3 1R LTIZHERNG, BEY
TV TF UL, SRBIOBENGRD. ENENDOA A RCOE, Lit: 0.90 A, Fe*': 0.75

59



A, Fe*":0.69 A, O*: 126 A THV, IFF U rigrions 7 =4 V8 1hnion P b
Teation/Tanion!% 0.55~0.71 TH 5. L1=2> T, Z OBILWITIRAFDENIE 6 T 5 NaCl
RIREE L 705, — RIS, NaClBEEIZhF A4 7=4r=1:1ThV, KiE{t¥i Fig.
4-5 12789 L 9 et DO (L, Fe)O L RTZ LN TE D,

WICEALY) DS IEIC O\ THERT L. SRR, k, DE COmEWEdy, & &1 E
a LIFRXOBRICH D.

1 VR +k2+12

dpi a
Bragg O, (2dsin@ =nd) & HAVWT XRD ¥ — U bi&FEdka #H T2 &, B
DI EHITK 421 A Tholo. 22T, FMEO NaCl &L b H, BB LOEEE, b L

LIFEEBILY FULNL DB O ER AT~ L0 [T agE ch s 2 &
MBS LT, 2SI E ORI & A& EROBIfR % Fig. 4-6 [Z" T . B ERLIET
TEBDEIINLEARBRDB RN T D Z L 33D o 7. Fers0 O X 5 72 NaCl B o FEEKRERL
IZRB W TSR I E T 2 R IRk LT Vegard IS ERSE 375 Z &AM BT
50 LTelo T, ¥1EE 421 A OFA OFEKIE LigeFer 10, LHEE SN S, LavL,
AU THE LI T- LYWL Table 4-1 3 X " Fig. 4-3 "6 oD L H ICIREAR Z H o7
W, LixFerxO (x<1) LRTODBEY THLHEEZOLND. BREWEEIXY F 7 LDF D
XD HNELO VF T LDEENEZ DI LK ThHTF AU T =F v OEXEMNE
DENRKRELRDIZD, fmHPOA T UfEEORIEGNREZ 5P, A F L 80t
EFRELV /IS D, VFULAL T DEEDREZ D LT EBN /NS D
EEZEZLND.

FOREZFTH 129, LR %2 AW CEBSD il EZ4T>7=. 0.1, 1.0 XV 10 h 4L
%O R % Fig. 4-7 13, ABFRFRIC K 53, BRI fec #ENTIRT, DT NIC
bec N A BT, T7bh, BRI LiFe.0 EROHEEMEECH Y, SKD61 FHIZH
WSS E#EORILE TIXv. £, BIEYOESRIISEE Th o, —
Ji, BFRACAEWEITLBERIZ L 5T hep MENERTH Y, RHARELFITIT fee MG 7
Eﬂk.ﬁg$5®ﬁ%k%%bAbﬁék EFRLEWIE O KIS hep #iED ¢ FITH
v, B & OFRATTIZIE bee HED yHABFET D Z B3 anoTe. Fiz, BFRILEW
J& OWNEBICBIEE S N Tk, RO bfE & FIERIC fec #ETH Y, hep HEEDELY
ORI REIZIR > TRELTWA Z ERNbhotz. Z OB ¢ ORI - T
FRLTWD Z EMnn, LIRE, RSt K 5.

Fig.4-8 |2 0.1, 1.0 33 X TV 10 h BBk ZALALERAS DR 2> HIR S T 1A WDS Z H W CHllE
LIeBRERFORE M ETT. ERILEVWETOERZRETBLBE TR A<

4)
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6.0 % ~ 6.4 %T, WSHANTHED LTEY, WHEFHIHE L TENES 2> THTOAR
FEDLLRW., —F, ERILEVETORRFIL, ERLITVOREAR L > TV, L
L, EFREEGWRE T ORFIREITEGEA 2 AR TiX e <, e HERTER S HFmicHEmL <
BY, yHETE e BRIZHS, K1%BEWRETH-72. ZOERB I ORFEORESE
B ZNETICHME SN TVDI LD LFRERTH DD, 823K IZEBWT, yHPIZEE TE
D RFEIIBD TH2 (8 0.2%LLF) DIZk L, e HRICERE TE 2 RFEREITELL (K
3.8%LUT) , EHURE B /NS W2 THH -0, REBRTHEONIZREMOD e FH L Z D
BTN yHNL R EREAWEOMEIL, —RICKRENMLETHE LN ERLEWED
Mk & —B T 2000 26D Z &G, BIEMRIC L VB S N 2 EFRLEWEIT
MERDMENLHETHEONDIERCEYVEOHBELFFETHL Z LRnbrol.

4-3-2 REDOREED)

Fig. 4-9(a)|ZALBEIFH & & J8E S OBfR, TN E2MAE T 7 7ICEB L= b D% (bR
T NEERILEEL, BEREEVEBANONMBRINBEEINREE Lz, £, EBO
JESITBATIC LD BigoTWneiz®, 4 JllliE LIk KRB L OR/MEZKPIZE T ——T
R L7,

BHEAWREIZ0.1 h 2O LG, 10 h TIHK 233 um IZEL 72, B{E/EI1X 0.5 h 2>
SR LA, 10 h TR 42 pm £ CHGE L7-. WIEMLAEIRIX 0.5 h D EIZ S, *
DZRITEFLAEWIE & FRRICRIE & IR > T e, Fig.4-9(b) L 0, BFRILBEE X
OEFCEVEOREIZZDMEEN 12 THDH Z LD, BWHANCHE S Z L Rbho Tz,
Z OERIEE ORREFEL, B HICL o THE ST TWD SISC SR 5 EHRILH
J@ DR EFIE T 200, NEER LW T E CORRBIM N & 528, T OREZEBIC
THBRAN DSBS L TTe, — 05, BBE O R 8T IT — OB S22 o 7.
LrL, L0OhfFiE&8 & LT, 1.0h ETORMIEOMEIFME NIZIE L THLZ L NHE
FANZHEVY, LOh AN > TV D E R DL Z ENTE S, Zhix, —HBRkY
MNEECHE TR SN D &, B ORRIT R @ R R I EI BT 5 2 &
ZRLTWA., 22T, BRI L TV d & 0RFILEE % R < B ok R #E
EE k2O TG ZHWTEH L.

L=Fk- tl/2 (5)

LIFEES, 1 3WBRFFTH 5. MALE ORRBEEEE koyld 5.2x10% pm?s, =#ELEW)
J& DR E B kyeIE 1.6x10% um?/s, PWIEBER(LY) D AR R E B kegold 1.0x1072 pm?/s
Thole. BitEOREREERIZFRLEMEBONTRIDOZNE XD b 2 HifEE/
SWZ Enbole. £z, WEBRA OB EEERITERMLEMEO T LD WET
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bHZ LD, BREAMEOKE EERICBEBLTVWL EEXOND.

4-4 EBE

4-4-1 ZERBERITHIT HEBILE DO

FRHR LA ORI 31T 2 RIBHFK DTEIZ DWW TELET 5. 0.1h TIEERIEWE
DHEPER L, BIEITR N2 0ho7-. T, IR CREMREORT VWVEEB X
WIRFDNZ L > TERILEME O PNBILEIND 2D LB LND. TDKIE, KEIC
BHRAYEEENOEREENEL 72V (Fig. 4-8(a), ~TORELBZ 5 L BHFT
TREG L TN H A LR, RRICIH > TRA KBTS B2 5N T0W5). K
JEZE L TITRT.

Fe:Npy — (1-y)Fe + N, (6)

E AT, ABHBOKIMNIIRBETH D, AF VT =4 U2 TR LT TR, B
2N O ERTH OO REE IR T CTRDDO LI A A UREEL T\ DL £, 4D
K CIIBOBFEMNR B D (XQ®). BERLEWIEIL, $L TR, A A UFEAEMHEEZ LD
TERHMBLNTVDO), Fabb, ERILEMETOERRENE< 78D L, FeNiy 1O
FeOFIGHRH 2, SROBEMNRESIND EEXDOND. £, No FADERIZE 725
NA ROWRIZ L REPHIT DTS, BIEMRERINLIERTZEEEZ NS, 2
DAEEREIEMR LT FDNERTO OBI O LI EHEA L, AE8Rm TR 34 Rk
ToHEHEREIND (F(9)(10)).

i

COs> 2 CO, + O™ (7
Fe — Fe*" + 2¢ 8)
Fe* + O* - FeO 9
FeO + O* + Li" — LiFeO, + ¢ (10)
120, + 2¢” » O (11)

FeO (b F &AM TILR W2, Fers0 L &£ D, FersO ICXRMAZEND 2D, BIKD
B NT U AEM D KON Fe WAFET 5GP, AR TIE, Li'h Fers0 D RFEERIZA Y %
ERILEM L 72572003, LifFe O BB IND EEXOND. VF U LARBENRE EN
DURREREES (B 213 LixCOs B3 LD KCOs B2 51) IZ8AIRIESE S &, NaCl H oD
0-LiFeOy AR T 5 Z EBE SN TN ACYY  Z g, wElRERE T Ics Wi, RIGAE
B & L TD a-LiFeO, 28 Fe;04 X FerOs L0 BV FICZE TH LT ThDHEEXD
o, Filo, WIRIZEENDIMOT A BV BB THLFT M) ULARLH U U LRI DO
BTG Lo 7oL, VF U LRI, ZNb DA F U EREPRKRE N L
Ezxohb.
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Fe-O RRAEXCNZ L D &, HIEDORKZTIZHBWT 843 K LA F TlE a-FetFe;04 D _FHTH
WTHY, Fers0 IIALERMTHS. LEN-T, KEICBWTEIRLERMBTHY,
843 K LN CE/LABRZIC KK T CRLAEE A i L 7= 556, e FH EIZIE FesO4 R S 415
INAOCH  LvL, @BEOHFFRICEBVT, 843 K RiioskE{tm it 2oL, Z<HHO
BEFETIE FersO MRS D Z &R HE STV AWD Graat 593, e-FeoNiy #H & Fe.
30 DHRE T F X —T/NEL, FREAENRR W LD, e-FeNiy M5 LT OSSR
A BAFR T Fers0 BMEAERT D Z L 2R LTz,

(100)rei-50 // (001)e-reanty, [010]rer-50 /f [-110]e-reanty,  [0-11]rer-50 /f [-110]e-reaniy
T7205, a-Fe fHE T et EDFH N Fers0 1XER LT WEEZLND. LIRS T,
RENDTOERBENRED L, GEREOA T ALMEE S, LB IND
EEB IR F U LIZE>T, LisFerO BWAEKT HEEX H5. Fig.4-9 O X 5 IZHH D
WRALE O R B DN EARNCHE > T DL, ZOBIEm oA s (K(9) MW TH
LDl LR END.

KL AL DS & AHORAR G ORGSR TN » TS 2 MIZ DWW TELRT 5. EEFR
D, e ORINIZIZ & A EBIbIN T, FIADEBEMICBIbIND. SREDHOmEHE D
PEEAR BT S T 72 o TNV, KR TITRIN K W BRE OIEBNE N2 E R 53T
WHCY 2D, TNLOREND, ¢ HORNOBEDILBUIIEFIZENEEZ X O
L. Flo, MR PNBIE IO e HOREIFH S% TH o7, LI ->T, EH
fb&E DEFREDK S %l EOFIRT, B OEWRIRASELNICELEND &5 X
bivs.

4-4-2 ZHERBEBIIBITERBORRIRRE
1.0 h £ CTOmEDOREITERUNCHE S . Ak X 512, BbEOYI O E ST

%m%w&éﬁﬂﬁﬁkﬁékwfhé.#ﬁ,mhuhmxﬁémmgin%$Mé
WJE O Rl RN S TN HE > TV iz (Fig.4-9). T722b b, Wolz A —ICBkMb
MINTEREND L, TORITIEEER L 2D LE2 LS. BILBIZOWT, TORERE
JEE K ko 1T 5.2x10% pm¥s Tho72. ZHE TICHE SN TV HHSCE (Lo bz
T, BALBIZEON FIEIC LV ET D 2 EB8bhoTWD. TN HLELE O EEE
TEET 1.8X10% ~9.1x10™ pm?/s1OCNEOTEH 0 | L[afG Hiloky, E1FE—FT D Z LB bh
ot Fi, SROEBUIMESLY T UL, BROLHBUTHAS TEHFRENEEDZ Lng |
{bJE ORI TSR DN HIERNZ LD XELEND EBEZLDOR Y THDH. LIzn-T,
LixFe1«O 7572 2 MAbE ORISR O FILHIC LV ET 2 L& 2 b0 d. £z, Bk
JEREL 72> THEFRCEWEOREZEI BT R >7-. Tk, LikFer.O 6725
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i

MALIB I EHRON TR ZIEE A CMFI LN L 2RI LTV 5.

ERIEBIB O REITERONFILHIC LV RET 5. —F, ERMEWEORERE
EMkyc % 1.6x10% umYs TH Y, T E TITHE SN TV D R EE E$ 1.3x102 pm?/s ~
1.9x1072 pm?/sWS L FF—T 5. EFREWBITERONFIEIC I VRET S22 LR
MBNTVDLD-O KREBRIZE T HERAEWEORENEFRICEWIE T DEROILHIC
FoTHEIND ERET D L, ERMEMWBOE Skyc [T TORTEST ZLNTED.

LncL =hkn * t2=2K(Dxn-1)">  (10)

I IZRRR R TR, IR CTH Y, KnITER, DNIZEF(LEWIE T O %EFEOIEBIRHK
Thnd. ZITHE, EFCEWEILc HEBLELRL, BRITHADRWVWIRFZOLEILE
LW, 20O KL, IEBTBRRZRNTEULTORIT LV RD D Z LR TE D6,

(Cs = Cncja) exp(=KR)  (Coyner — Co) exp(=KR)

VrKy erf(Ky) VA@Ky{1 — erf(Kyv0)}
Cncrjo | TRHAH &P 2 S AL A WIE T D ERIRE, Coyne | TEFRILAWIE & 3 2 R
FOERRE, CsITBBLEE FTOERZRE, ColIRHIHORRRE, o IZRLAYE
& R DE R DYLHEARI DDy /Dy, Do (I RARDEFR DILHARE TH 5. Cyepjer Cs B &
O ColFMENE, CoynerlT 0.1 % Q& N2, EHRDOILHAREDY IS £ VD, 1%, Dy =2.44x10
BENE LD, =9.68x10712 @& Lz, FHEDOER, kniL0.0161 Tholo. ERLLHELN
Tknc 1 0.0156 TH Y, FIEFRETHD Z &0 b, ER{LEMEOREIXERILEYET
DEF/IZEL > THELEINTVWD Z DR TE. EREOFPERMELE Y & T I/
IMoleDiX, EHRLAEWRETORMEAmICHAIET S yHEZBEL WDt LB x
b, AIRDO L ST, BREROWEHIX e PR LV b pHFOIFNHENTDTHDL. FTo,
RERBRAL DERE, kepoldkye, ETVVETH D Z &G, EFEOWNHFIEEIEEHA L T
LEEZLND.

LEDBREZIIZ, “aRE6&ICBWT, BIRE(LAEIC LY Bk I 2 £EHE#EOE
pERE ORI % Fig. 4-10 1IZ3 7. BECE(ABEOYEICIE, EREHBRRL, D
%, REOERRENEGED LEFRLEVWEDERT D, 2D OBITERDONFTILHIC
FVRET 2. 20k, EFRLEVWETORRRBENGEDL L, BB ERL, B—IC
Jg&e LTl EIND &, BOAFIHEBICIVRET2EEZ2615.

Fig. 4-11 |Z SKD61 B X O "t R A&ICH T D 10 h BRI E (L ALHE % O £ @ik 2 =T
ZIREGATIE, SKD6L IZB W TAHALNEMILEBONEITBE IR, £, ERME
Y@ ORISR O fEIIE, SKD61 TIEI< LT NTHLHDIZH L, ZikHa& TIEER
{bEEME O K DITE LTz, L7z - T, SKD61 ([ZRBIT 2L oNEE, R
BENDIAEBNROEBLMIZIT LI ERTALNE ST,

i
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CNCL/a - Ca/NCL =
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Fe-0.4%C —tREB4a% M\ T, UF U AR LR ELAEIC L BRI D%
JEALRE & R IBFRIZ DWW TIHANTRER, ITOZ BB bhEroTz.
1) REBMEBOMAIT, BbE, EREmE, ERIEHETH L0, ZoBbEixy Fv
LANEVAE LT FeO B RHHETHS.
2) BREOPMIIIERICEMERIERL, TORBILENERT 5.
3) ERIAEWEITERONFIEE, BALBIISOINFILHIZ LV RET 5.
4) SKD61 28T 2 tEONEIL, BHICEENDIAE® RO ELR ZITD.
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Fig. 4-2 SE images of surface layer of Fe-0.4%C alloy oxy-nitrocarburized for 10 h.

Table 4-1 EDS analysis of oxide and nitride from points a-d in Fig. 4-2.

Element mass%

C 1
a O 26
Fe 73
C 2
b O 25
Fe 73
C 2
c O 23
Fe 75
C 2
d N 6
Fe 92
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Lattice parameter (nm)
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Q:o ®: Fo/lLi

Fig. 4-5 Lattice structure of (Li, Fe)O.

~._ Oxide in this paper
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“s._ LiFe0,“
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0.5 1
x in (LiFe, )0,

Fig. 4-6 Lattice parameter of Li,Fe, O.
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IQ map Phase analysis

0.1h

1.0h

10 h

Wbcc Mfcc [hep

Fig. 4-7 Image quality maps and phase analysis results of Fe-0.4%C alloy oxy-
nitrocarburized for 0.1 h, 1.0 h and 10 h by EBSD analysis.
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Fig. 4-9 Change in thickness of oxide layer, nitrogen compound layer, grain
boundary oxidation (GBO), and nitrogen diffusion layer (NDL) formed during
oxy-nitrocarburizing at 823 K.
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Fe-0.4mass%C &4 D FEERZEAL
tHAR IS KT T B TR D2



5-1 ¥5

HATETIE, Fe-04%C R EaazHWT, BEEAIIC X Bk S b REMRR
ERREEBZR AT EOMR, RESBIE, BRI WES X OERILHIE R TE K
SNDD, EOMEEIT LiFe O bR IBEETHY, BILEONBIZIELI NN
EEBIOMNC L. LD - T, SKD6L IZHT D bENE DIEICITRFEICE £ 5
BRITENREET DL L.

EALCHM BRI RIET AR OFBIIE L MESINTNDEDO-O, WAL
JLHETH D Si, Al, V, Cr £/ Mo 2RI L7856, B8P+ L1tk -
TEFZNEBNFEL L, BRELAVBOESIIEAT 5. MELABEOEA, ZbD%
XL Cr 0 Al OEBRRE NI ERRE SN TNLOO, —J5C, E{biIT 5 Wik
LERIZ DWW T OWED-U0EH 503, D% ATMEMECHEREMEZ AT ETH Y,
BaTHFE OB KT T HEERHASIFRITR YL 7= 0. 1 ETRRZ LD
IZ, SKD61 72 K O#M TR, C, SikX O Mn OfMIZ, Cr, Mo BLRV 2E5HFT
L. ZOXIREILFROFERMICE T MBIV BRI IMEKRITIEETH D, £
I CARETIE, Fe-04%C —Jt2A4IZ Si, Mn, Mo, Cr £7/21% V Z BN L7z =
FEeE AT, BRBIKECLEIZ LY RSN 2BILEONBIZKIZTERLROK
BEHOLMNITHZEEAME LT

_N

5-2 EBRGE

RBR A IZ1, Fe-0.4 %C &4%X—AL LTSi, Mn, Mo, Cr £721% V Z M CTIRML
ZaReer v, TNENOG@EORELZHLNNIT 720, RINEIX
SKD61 IZHBIT 5 EHAHEDIZIFFHMETHDHK2%& Lz, WThb Ar FZHK T T —7
EREICTARZ ARIZER L. ZhodaalE, LTFSiaa Mn 547 & LS. R
ZoA vy ML, FESMETO AAERERU EERD LY, X—258, Sitdeb X
O Cr 54 TIX 1123 K, Mo 541X 1173 K, V5413 1123 K IZ TR FT 1.0 h - AL
Bafi L. 20k, F4FLFEBEOBMELL L OMERBIREABE LA L=, £7-, L
il LT, RERDOBULEL TS L Ok 2 (L ALEE 4 Ji L 72 SKD61 % v /-,

FRARBLE IO BRI 3 X OV FE-SEM % W7o, fdbAEiE 1 Co BBk A V72 XRD
BB X 0N Uiz, e ORE 541X EDX, WDX # XU GD-OES Z W\ Call~<7=. i
SOMAEIT~ A 7 vy U — 2 S B A2 W T T o 72, £ ORE, RHAEIZATE 300
gf, FRskZ (AR E 100 gf I CTHIE L7z,
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5-3 R
5-3-1 RBMEMICKIETEL7TE (Si, V, Cr, Mn, Mo) DEE

BEATREE D 1303 K TlE, VAL T y-Fe & VC O Mk, Do A4 Tidy BHEOME
WCTHD. Fig. 5-1 [ZHER LEZEOMME ~T. WTINoE&IcBWTHMRITER L~LT
VYA RNTHSTEN, Mn & TITRERE L~ LT VYA MERIZ 7 =T 4 FBIRIEL T
7. Mn 548045, Fe-C-Mn =L RIKAERIZ BT 873 K #L% TlE o-Fe & y-Fe ® —Fflk
THHWW=, Mn DEILL TWERIFIZIZ 7 =T 4 BB LTZEE X NS, By Rk
X Si ZIRINT 2 EMARILL, Cr ZRINT 5 &00MAMET 225, Mn, V £721% Mo &
M3 2 &S BITHb Lz, SHTRIEM ZTER LIZ < WAS, Cr =2 Mn 1% 0-FesC T L
7 <, BFEF TIL(Fe,Cr);C R°(Fe,Mn);C kT 5. —F, VIEBILO Mo iE Mo.C 5 L
VC KT 5720, LRI OE LD FIC X0 FEabki 3 b Lz & Bbh b,

BRHRZEAL 18 OFFRIE, @A T ICHE LTz 10h BRIRZE(LM 2 AV TR, iRk
EL LA AL O REMHE Fig. 5-2 1R, RAHOMEIT 10 h BIREB HIEL A LE
bolginol. GE&ILEOHRMIEST, BLELLOERLEVWERERINTR, £
DEIPLHREITR 2> T\, BEORESITRE & FATICE BRI NZEZ LT 5.
it o RIE Si £7201% Cr ORI X VRE S I, Mn ORI LV D2zl 4
L. L, VEEITI Mo ZIIML THBILBEBOREIIZEAEEDLRoT2. £, 1F
ENEDBEEITBWTIL, X—AG548 LR, ZBRILEWIEORITIZIH > TEbY 3 8l 52
ENTD, Si A& TEHBEIN ol BRILAWIEORKEIX Cr OIRINC L > T b
Hl&SH, WWTSi, Mn ONEIZHHEl S 2238, Vo Mo ORI/ NS otz £/, SiEiz
X Mo ZWIN L7236, EFRCAWEITR > CERIEHIEICEREIH LX) ICkE
LTV, BRI SIIRIMOENIHE CThH - 7=,

KB 4A ORI ZELE O 8434 % Fig. 5-3 (R T. T RTOEEICBNT, N—244
IR TR EL R DR BB OFE S IX EH L2, G TENEHR L CEEEREHE
LAEEDIHTE Lizizd, @SN mELZEBEZ N5, TOMLOREL Cr O 5
BB REV., X=258086, ERIHUBICEE Licg#1E, EB0ZEn T vy
ELTHIH LHLRAL T 2728, ERIEEE OIS holz. V AETIE, X—2A454
LARE, ZHBACAWIENTEOREFILEE IR y O R A D, VIR
ERTIZIZ VC & LTHTI L Tz e, BIRV &34 7 <, VE(OT &N D 7o
el e RSN D, BREBBOESIE CrifMNc L > Tieb %<, RWTSi, Mn,
Mo BELOV DJEICEL 720, ERILAVEOREI LREFEOHE CTH o7z, v, VA&
R Mo A& D EVVINEBIE S 1%, BER LICBIT 2 58RIEHOFIHIcE2bDTHDL EEX
bivd.
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WDX |2 & 5 ZFbEWMIEEEDEHRE X ORFE DR ESIN % Fig. 5-4 1ITR-7. B4
MBS L OEHRCAVBORESNEL D20, BILBLEEZRILADELEORMEZRSE
ELE L Lz, XR—2E@ICB T 2LER MBI ERREIIREM TE, RERET
IXEHRRICEWREARZ S > TW 2. Si E720E Cr 2N L7256, ERBEIXRED L,
KO RFIRENEIN L2, KR Si ORI L - T, RF|PFIIRES WML, VE
BINL 7256 b ERREDBD URRIRENSEIMLUIZR, Er068 L3RR, BHRIT
B e R E AR TIX e o 72, Mn £7201E Mo 2RI L7284, R—A A& L TEH
B X ORBREILRS E 238 LR, ToAEIIRETH 7=, £/, Fe-C-N ik
REXDEY, ZEERLAVBICBW TR BBIEINTTFHLe B ThHLEE2LNS.

PRk ZE{L % D XRD 711 7 7 A /L% Fig.5-5 II1" 7. T RTOALICBNWT, R—244
& [AIEEIC a-LiFeO,, FesN, FesN B LI WM o-Fe D — 7 NA b7z, BE{LEIXEIC LiFe O
ThV, BERLAEWE T e BLXOyHMBELIZHBETHDL Z Enbhote. X—2 54
L, Si, VERLIZCr ORI L > Ty HOFIENHEM LIz, 72, Cr OBWIMZ X -
T, a-LiFeO, D E—7 BEmMIZT 7 LTV, SiA4eTlE, FeNOE—27 R 7 r— KN|iZ
2o TEY, S BHIT(LL,Fe)SiOs D E— 7 3A b7, (Li,Fe):SiO4 X olivine TH ¥V, FerSiOs4
IZB T LD —HN) FULATEBINEETHD.

BETLENEDBICHET 200D 720, FEEOREIHIZ OV T EDX &AW
KAV Mo EdTo7-. ZOREE, V, Mn 720X Mo 2RI L7=856, &4 R iimibE
[ZIXFER T, ERCADEOBRIEBEICHFEL TV, —0, Si i Cr 2RmL iz
it BibE»o bRt I,

LMo T, BLBIZEBETDE, V, Mn £7213E Mo DIRINZE > CTEDES IR D
Dy, N— A58 L FEERIC LixFerxO 672 b Z Exbhrolc. —J, Si Cr 2Ly
A, BILBIZIIGETZNEEND ZERbholz. 22T, SiBXOCr 2N LG4
[ZIER T 28 OB EZ TR D720, S BIZFEMZR T 21T - 7.

B

5-3-2 BMBJBIC R Si 721X Cr DR

10h FRHRZEA L LT Si 4B L Cr 84825\ T, TEHAMOMEZEZIT>7-. Fig.5-6 |C
Si 54, Fig. 5-7 12 Cr @ DR Z R~ T iR OGS LE N ETENTE LT,
ZOE TOBALREIZIE Si £721% Cr Bt sz, Bbfgiz ol KOS )8
T2 ENTED. Lk, A4k rE e nwnERmomuEzmitEnE, omE
TOEETHEREGUMALEZCBNE &S SiIXERLIENE O 28 CRTEE R % 7R
L, $RCm(bE ot ENEICEIL L T\ (Fig.5-6). 2O SiE{LHTIX0 B
LW Fe b &z, Cr 54054, CrixBbENEICH —IZHFELTEY, Sink)
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7R 7R EALIE A D e v o 7.

Fig. 5-8 |~ GD-OES |2 X % Li, O, Fe 88X Si £721% Cr DR S 50 D P45 Af 2t
N B L C DOREL, Fig.5-4 ® WDX (2 AT Z W2, R 58 10 pm (L& IS
L TWaBbENAES L ONEICERT A L, LildRm»OBRE & FEEOES £ THE
LTEY, B{bEaIC Li BNIE L TWe. Si 64T, ORERbEINEIZTL~, Si
DAL L TV DEBILENEO TR E L, LiRES DTN TIEd 2 03B EINE T o1l
JERNE DT @ -l REHK 3 um (ZE T Si bRk L, £k bFRml Tl
Si DIFEIFER TE o7, Lo T, (Li,Fe)SiOq 1 ZMILENEICHEET HEEZD

. —J7, CetAAETIEHBRLENEENE L OB THIEZR Li BX O 0 BEDEVIIA S
P, RE»SEBRBEAR CH =, CriBEICERTSE, ZEHMDH 2 um OB
SRV TRIER AR BNTN, B LENE & X LAEWE T CriBEIC K& RETA LN
mole. TORERND, BibESNMNEENBORmR BB X EOYHORE THo72L B %
bivs.

Fig.5-9 |2, MRdRE(LIFMIC & b7 o MbEsE, Nidk X OEFRILEME DR = DZEAL

s ORI 4 DFTE LN O R KR & /MEZFRIK I T ——T/RLT.
Fig. 5-9(a)lZ " T LJEANE D EIZHOW T, SiTRIMDEE, N—A&84 L1387, ¥I#
DEBEN B E 12 OBMANCHE -T2, T72b 5, Si RIS Ko TRIEM DR S S
TR0, IO N DILBREERE R VRET D EEZX6ND. —F, Cr iRNDO%GE,
LB IR E COWRIBMAEL, 1.0h T TIHEREOLENEEE 220, HEMD1

BEARAICHE T2, LML, Wolt ALK S D &, TOHROKEITN—AE4
CRIBRICHERAER L 2 5 L B2 B D . Fig. 5-9(b) =T LB NE DO EICHOWT, Siik
MMUT=8%E, 0.1h OO BHANZHES . L, CriiiLe%a, EHRANS
WD, Tabb, CrA®ilB T 2mLENEOREL, BLEINEEEZRILAMELE DR
M CORISHNERTHD EBEZBND.  Fig. 5-9)IIRTEFZILEWEOREIZHONT,
Si £/ Cr DRI L - T, MEIFELS 250, X—2A&5& LA, BB x 120
RN VAR Lz, LasL, 5.0 h DL ETIEE 12 OEBR» B4, ZOEITE
<Tlpoile.

5-4 BE
54-1 ZRLEWBCRIETTELTRDOE

EFRCEWEOMEIL Cr Z I L2 B IZ R bl &4, IRWT Si, Mn, VXU Mo @
NECdH -7, DRI NH S I L T\ (Fig.5-3) Z &0 5, Sk L0 ik
B H =R F—MENIICIN, SisNg, MooN E 7213 VN & o 7o 52 b D093 22 R
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JECHT T 5720, ERILEWEOREPMBISND LHELEIND. £7, Mn G A%
2 b9 5 & MnsN, X° MngNs 55 O Mn LRI S LD Z & BRHlE SN TN 50909, R
BRIV TS Mn A4 D% FIEHUE TITIE Mn 230 523, Mn 132b DR RE
ME RNz, BRLEME~DOR BTN NWEEZLND.

IR BEIIBNT, BeROEFR L OMAEIEMIE, V, Cr, Si, Mo DJIEIZ/NEWNWE
ENHDLNTNDO. HAFEHRRKREWIZEAGEEMWE L THIHHLST W, L2L, AE
BT 04 %DORFZNEZTENTEY, BEREAANCITEERMHE LTI L TV D A%
BT DIMLENRS D, VIIEBRKELTICRE DI L CTE2EH LA L VN 2K
B, FERELRTIZIZ VC & LTHTHH L TV A 728 a-Fe ICEAEL TV D V O &7,
ZD1=, BRI OB/ DIMFENREE L 72, BEILEE TO VN OFRIL 72
WEBZHND. Mo IZOWTHREERIZ, FREKZEATIZIE MosC & L THIH LTV D729,
EFRIBETO MooN OFITD RN EHEIND. LTz o T, BexRnBikE/bi
CEERIME LTI L TV 256, EREAaMBEORKICKEREBITIEARVWES
2 BHivDd. —J, Crid a-Fe X 0-FesC IZEEL TWH 2w, BRERENMIZ K DERZRDOHNEH~
DILHIZ & b\, IR ESICASZEIEME LT 5. Si 1% a-Fe FICEREL TV 5T
B, Si Z WIS NCT V. LB o> T, CrBIOSi Ozl y, ERILADED
EMMIRlEND EEZLND. £72, SENG B I MooN (% o-Fe FicHti+2 & &0
FTHIZFLE—=NRENZLEDMOENTWVEO, Fig.5-2 I2BWTC, EHEICAEWEINEFEL
BEIZEEHLEL 2 ICHRE L T =0, Si kO Mo /a3 ti3 25 L EBHIZH A
LIZOTHTRNF—Z8EMT 2 TRICERCAMERRET 2720 THLEBEZLND.
ZOEFCEWEOIZREIL Si° Mo, Al Z & T2 2 b L72BICBIR ST 50007,

EHRILEMBHOERZCRBOREEIT Si, Cr TV 2N LERRCRE S EL,
Mn % 721% Mo D23/ & (Fig. 5-4). Si £721% Cr oI kv, ZFILEWEDZE
HIREND UIRFIRENRKE SHMNTH01%, EFECADEO vHOEISNHMNT 5 2
SRR TDHEEX DD, VIEBEIO Mo 72 EOMRALERILHTEIL, RIEHE L TRE
AT L TV D 722 01T <, EFRAWEOMBIEICIIRE EZEL RV,
—J7, EEENRZ N S BLO Cr iZE W EEHR LT <, ORI O JE PRI R 2 5%
DIFET D010, BMEHEOERILEDBIZITy NIRRT EEZLND. £ 2T, Si
BIOCr G8IZONWT, X—2E5a LR L, KEMEkO EBSD Mr&1To7. iz
Fig. 5-10 |Z/”7 7. Si £721F Cr ORI LY, EHFRLEWRET O v FHOBG 28N L 7.
823 K TO ¢ fHIZH T B RFBDOFEVEIRITH 3.8 % THDDIZHK L, yHIZEWTIEN 0.2 %
Th 200 2R G WG O R FEOTLBRENII S 20T > TWRWA, ¢ P OGN
PHPED GHENZ EDRMOENTWNDEW, LR T, vHNELS b L, REND e FHTIC
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RIbT2EEBZOND. e HRICREDR BIRILL TV Si @220 T, Silddidh Tk
RALD TR LICS WEETH Y, hobs b L, Si A&l 2 ERKFBRITS
WEEZLNDHC, Lo T, Si ORI & 0 BEEKZEALETIC a-Fe FIZEE L TV ik
ENHEMT 5720, e HORBRENELS D EZxLND. £, eDE—I R T a—FK
TH-o7= (Fig. 5-6) DI, e fHF TOD SizNg DATHIZ L D FesN OO T AIZEINT 5 & & %
bivd. Vouhs, BRILEVWETORRL L UVRFRENRNEGENRAE THo 2. &
FLAME R CEBRENETICON VC 26 LW BRI LER VN L2500 L& 2
B, ZAUZE LRV O TITERRENBAD URFBRENEMT 572072 L%
ZHN5. Cr OBE, MRETIZCON & LTEREBDRBITIHHT 528, 8k& R
AT, AR FE TIE e-(Fe,Cr)a(N,C)iy & LT Cr % e fHFICERT 2. Fig. 5-11 (2 0.1
h~10h BE#RE L L7- Cr 54D XRD 70 7 7 A VERT. B O Y — 27 BH 57 1.0
h £TE e HOE—7 BEAMICE =227 FLTWDORbNE. LER->T, A%t
IZBWT, CriZERLEWETICESEDE LTI LTELT, e fIICEEL TV
HEZEZBID. SKDOLIZIZ CridfI S% B END. £Dd, e AP OEERZ i % 72 Cr
ITCIN & LTI T 2B bR,

5-4-2 BALBIZRIETTHREETROE

Fe-C iR BB\ T, BUEITHBHEETHY, BLEE T O e fHITIE, R
o TRALMIBIER SN D, Z ORI RBIE ORRRIL, BEFEOILED ¢ AORIN LV HhL
ROIFNEL O, RIRAPMERMICEBRIL SN Z LICENT 2 EEZDNS. V, Mn BX W
Mo Z#M L7236 b AR, BLEITHEMETHDS. LL, SiEiECr2mnT 5
&, SKD61 & [FIEk, BM{LBANENERSND. £, ER(ILEWE T ORI AERCIZMH <
o, T72bb, e HORFROH TR, NGBREPILBLLTRDEEIOND.
FLESN B IR L= 54 R ORBEIZ L 57, LisFeO b5, BMLENEIC
B OMBREICERIZERZNEEZEZOND. LB T, BLENEORMIT, Bk
fE@stE L EFILEE E D RE TOMINIZEDZ LD THY, ERILEWE OMBRIIETT
HEEZOND. BEILAWBIIEEIWICRENEE L-SREWTHS. LiL,
Fig. 5-4(@)| R T HFLAWE T OERZEE T TIEHA T3, S okisbki & 0
BEA BN, £ 2T, Fig. 54O TRFBIREIZER TS, BEBET2AS 1 um
RS ETORFBREE, SIRIMCEVELES LD, CriRlick>Thb@Em< 2%, V, Mn
BIO Mo LTS E, IRFEEILXFe-CE&LFEUTTHD. LTEN-T, Si 720X
Cr DIRINZ K - T, BbEEEo e P ORBIRENHEMT 2720, BEIL e HORNE
EBLOT L 2D B2 OND. SREMWTOEHRL L ORFBEEDHE T LB E5808
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RELRDZEDRDNS>TNLW. REOEFFRITIEFEROZENLID bREWVWEY, EHR
DEEEN —ETHNIE, REOEFEICE LRV T ERIIREL 2DLEE2LND.
F 72, Ebersbach 59X ¢ FHICEE L CWDHERLIRFBDRFHED H L DREDEE &ifit
B E ORBRREFH AT, TORE, RERED 0.2%LL EIC72 5 & ERBEIEEN 2
AL, MEEMETT 22 2R ani. SREMHITE, A4V, e LY
ERBEANBELTEV®, I A L LTHIEAET D). Thbb, ¢ T ORER
EREL< 2D L e HROEKNA ML LT K 2 blcdlZ e ffigisng. U EOBENG,
e P DORFBRENR L 725 & e HORINIZE T 2WMEOIHBEEINDL LB OND.
Si ZWMT 2 L, {LEWETORIICET 2B ADTZEBRE SNV DL, ¢ HFP O
FREDK 22 %EFELLEL, BN ERANRFERBICBRILIND Z LICRRNTEEZD
na. 37%bb, BENLREGNCTHE S, NHETEBRLRNZDTHS., LirLl, 2
DA T OWRFE DTN OV TIE, SRS HICERTINERDS.

Si £721% Cr ZIRINT 2 LB SN D ILENE OMMEIZ O TEET L. Si 64
OEE, BEONFILHIZE B2V, 9 LiFer O BXO Sio, WEREND EEZ LN
%. 823 KIZEWT SiO 1% FeO & Kits L FexSiOs KT 5 Z E R B AL TN HE. KR
IZBUWTIE Si0s & LiFei«O 23 L, (Li,Fe)SiOs £ &2 b5, Thbb, Sid
WINZ & - T, LiFe1O 722572 2B bJE A E O 1 T 121X LicFe1«O F11Z(Li,Fe).SiOs 23 73 L
TRbEBNENER S NS EBEZBND. Cr DA, Fig. 5-5 (28T o-LiFeO, D B — 7
WILAIZY 7 RLTEYD, CnOsDE—7 XA LR NI &6, Crid LisFe <O IZ[EE L
TWbEEZHND. ZhiE, Fig. 5-7128BWT, BLENIET Cr O RATHIZREIEA S
Nighol-fERk e —%4 5. ZofEBEHESEIX LiFe,Cr)i,O THDHEEZBND. ZDIKT
EHUT LiFer O O EE LY /&, CrroBEKEMEEIT Fe L0 /S0,
Lix(Fe,Cr)1xO @ Cr 33 &, 0¥ L W F AL L DBREMEDENKREL L. Tbb,
LixFerO 12 Cr BEET D L FEBDN/ NS R D00, WHEFEA LY bEAROE WA A
VHEGVENE T THD EEZBND. Fe-Cr-0 IRIEXIZEB VT, FeO, Cr0s B L OV
BB LT FeCraOs D b & L THE SN TN DGO LarL, FeO HIZ Cr BAEWE LT
AT RS =52, LS T, 20 Cr 8 LisFe 0 FICEET 2 DX Li R T
o EHERIND., BIROBERANT U ANLEZ DL, BT LisFex0 11T Fe*t & L TIFEE
T5. Cr'OA AU RIE Fe¥ it 29, LiFexO ICHEETEHEE 26N, Li 25
T RERMEIZ Cr &AM A RIESE D &, LiCr«FeOa IR S D Z & B HE ST 560,
—J, SilEMliDA 4> THDH7-%, LiFerO IZITEBE LR NWEEZEZOND.

Olivine #1& Td 5 FesSiOs 1, Z OfbdbAEIEIC L o TG ILB A Ifl 325 2 & 2350
S5NTEYO, REEOHEE TH 2 (Li,Fe)SiOs b#DOI FHItE 2 iiF b ¢ E 265, — 4,
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NaCl 4D Lix(Fe,Cr)1xO HFTIHEEENILHTE 5. LI -> T, Fig. 5-9@)IZ -4 X512, Si
WIMOTF3 Cr wINE 0 b k@ E Ol 2+ 2 D0l%, BIEENEICOBL TS
(Li,Fe):SiOs Nk DA TP & Ml 5 7= E 2 6 b. 72, Fig.5-10 O _BEHEED
FRLIE DR RICHE B 5 &, BLEAE ORESRIINE ORISR L v b RE V. BBRLE
I8 OFESRI N KR E VDOIE, kOIS TFHLE QMBI & b 72T ) — RIERE SB35 7=
WIZEEZ LMD, Fig. 5-9)I -t L 912, Si T Crolmck - T, 10hZiT=EHE
bEMIEDOFRRENN— 2 GBI THMHEIEND. FA4ETRLEZLDIC, N—2E

BT D EFRIEWEIIERONTILHPNBEERE R VKET D, LER->T, Si £20F
Cr DWW K> TR S NIZBLENENIELS 78D &, ERONGIEBEG T L LEZDH
N2 UL EDEBEREIIC, SiF21 Cr 2RI L6 O RIEHME O RiERE O ALK %,
TSR A A & U Fig. 5-12 (2T, 8 2 B OR LRI E L ALEE L 72 SKD61 D EFHE 1L
AT A RRB LN >T-D1E, BILEANEIC XK > CTERLAWE T OEFEN R
fmizznic< nwiewiEesExons.

Si £7203 Cr 2RI L 72 & & OREHM DR EZFH 2> T, SKD61 #liZF 1T 2 FKEH
fik & el U7-. Fig. 5-13 (Z(a)f2{b/@ s e, (bt NE, oZEHRbamEs XL @EFEIL
g ORIEE(L 2 RT . ZOREZREND, SKD61IZBIT 2L ER L UOWNE O E
%, Si DEEERIZITTVDHEEZLND. SKD61 OFELENEDOREIL, Sid4aLb
VY. SKD61 @ Si DIRIMEITA 1% TH Y, SiHeLy b7, Lzdi-> T, SKD6I
DOERILTENIEIZ/H L CTU 5 (Li,Fe),SiOs BIE Si A4 L 0 7 <, kR L3 »
izl EZ D, £z, SKD61 ITBIT 2 EFRLEWES L OERILHSE O EIE Cr O
WENRREWEEZEZBND. SKD61 DEHRIAMER XL OERIEBIE O EIL, Crae X
DBV, SKD6L 121X Cr 349 5 %I ENTEY, RCraae2 %L blEdnicEu.
ZD7=h, CN OFTHBMEEEND Z LICEKTHEEZ NS, Lo T, RERIC
BIT2OMABIZKETERROREL, ERHMICBOTHLERRICEZ D ZENTEDL L
HgmIhs.

5-5 ®E
Fe-0.4%C-2%M (M: Si, V, Cr, Mn, Mo) =t R &4 % W, HnmikEbic L RS

NHBILEONEIZKIETASTROEBELFRIAER, UTOZERHLNERoT.

1) WIFENOILRRMZEBNTS, REMBOMRIT, BbE, ERamiE, EREEE
L7200

2) V, Mn £721E Mo ZiRNT % &, BbEIX_ ckae L REOEE#ETH DN, Si
FlTCr 2T 5L, ZEHEORILENIERIND.
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3)

4)
5)

WL ELEONEIZY F U ANREVE LT FeO TH D23, Si IIMIZL Y FeO Hiz
(Li,Fe),SiOs 23 738k L 7= WJE, Cr OUHINZ L D FeO & Cr BEE L7=NERNER S 5.
AL NE OO L, AR MR L O/EZI VT —DR/NMNIERTS.
EFRLEVRBTITRA RIFAEREINT, ZIUIERLE OWNRE D5 O NI HEE % ]
THEOEEHERIND.
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6-1 ¥&5

H2BEB IO 3E T, BN T HEM O SKD61 IZFRIEE(L AL 2 fii4- &, FME L NEIC
PN BLERER END Z L, JEWERLE N X EEREME 3 O 7 /L < R % 1)
EE®HLZEERLE. 7205, Fig. 6-1 IR RRIERRIC L - TN E b
HZENHMFEIND. BAEBBIOESETIE, ZTOBEEAEN Si BX O Cr RN
KRS NDZ 2R L. SIIRINDOGE, VF U LABNEER L7z FeO HIZ(Li,Fe),SiO,
W LB L, CrisMOGAEILY F7 5B X O Cr BEVE LT FeO b7 5 EE(LEN
R SIS . B EJENEDOTEAIE, a-Fe fHFIZEE L, FeO B LU FesN LV L ER
it L OEM 2B L, RIEOTERENMERNE S THEDOWMPLETHDL &%
R LTz, o-Fe fAFICEVE LEMZ BT 2 G40 ICiE, F5ETHRF LS, V, Cr,
Mn £ X O Mo Oz, Al, Ti, Nb BEXURTaBnH 25D, ZOHF T, FeO B LDV FesN LV 4
B ZERBAM B L OEMDZEL cR T AL B IO T THH. Ti (TR D
RENEL, V IV HAEREEZF L — 3RO, LEan-T, Ti 2N+ 25E, 2
JUERREIZ TiIC & LCHTHT 22 R E2 b5, —J7, ALIZRIEHEER LIZS WLk T
b5, LEN->T, AlOFICEY, SiBLOCr &R, BIEEBNENEKRESNDS LT
mans.

Z 2T, RETIL, Fe-04%C —JtRA4ITSi, CrE2IX Al ZIRINMLE Znkb4 %
WT, BILBNBIZKIETASRMEDORE L ZOMEBRELZHL T E2HNE
T2, e, TRETOARNS, @BOESERIEDSEIR Sh 2 REHEMORG FIEL 7
£T5.

6-2 ERGIE
6-2-1 B R

B A 1E, Fe-04%C 5412, SiZ1.2%~3%, AlE721XCr & 1.2%~2 %R L7
SR AaE AV I AeE, T 128Si A8 28i Aenl s Wi Ar
AT T — 7 BB TR Z RICER LTz, 20k, 4= L FEROBLHEE IO
MR =LA & s L7-. bl LT, Fe-04%C —Iihiad (R—254) BIO
SKD61 # M\ 7o, MR EIC IO PRSI I L OV FE-SEM & V72, S ER &1L Co B EK
Z T2 XRD IES K 0 ST L7z, JesR DIRESAIL EDX Z W Til~ 7. mEiE, ~
A7 vy — A IR EZ VT 3 gf IS THIE L7Z.

G

6-2-2 EEEEFERBR LM
o T L IEIEE, JEMER R BRI A A SN T A HI T, A=A T 0 A R
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FERBRE 2 VT, MPMICIET VI T ERE O TERABRZIT 7. WEIL 049N, L
W O BHEEIE 0.1 m/s, [EHAEAEIE 3 mm, AABRKFHEIE 60 min & L, HEHVE T CTIfTo7z. &
BR IS P AU T SR TR S 34218 % DHEIPHPNIC TIT o 72, AfAffilS, EEEREROHER B L O
L —H — BRI 2 O CRIE L7 BERE R L0 Bl L 7.

6-3 fER
6-3-1 AEWNMEIZL bR REEBROE(L

Fig. 6-2 (2 823 K T 10 h ik ==k L 72 2A1 0 REHME =T, RFmIZITEBLE?N
R LTEHY, ZOE FIIZERLEMRENERL TV, 201l 8B L UR—ZX580
XRD 7’11 7 7 A L% Fig. 6-3 |2/~ F. &-Fex(N,C)iy, v’ -Fes(N,C)i+, 3 £ O LiyFe, O (ZH k3
LE—=I7 PRSI, AlZINL CTHH-eMiTmt Siviero7z. LA L, LiFexO I
Hkd a2 —27 13 MKMIcr7 FLTWe., E£7, Al 2N+ 5E, XR—XA54& LT,
EHRLEWREYO yOEIEGNEZ, ¢ REAMHOE —T X7 v — RNiZi->72. EDS ZHW\»
T, ZEMREOTHEONARZRIE LI-#E R % Fig. 6-4 [2x 1. BB B L, SMEND
ILOBEWPFe, WENHIZOBIWFe 2Nz, Al Iz,

Fig. 6-5 IZB@ R OMMEIZ L b )b EE, NEB L OERILEWEORE S DE
fbZRd. HlE LT, R=ZAAE&B LV SKD61 DfEh RLZ. H5ETRLEZL DI,
SKD61 OEE{LEIL Si, HFELAWEIL Cr ODFBLBRLZIT WD, T, BIEED
NEBIONBICBIT2AERILSIOERAETHD 1.0 %, EFRLAEMEICBTHH546=
X Cr&ED 53 %& Lz, Si £700% Cr OIRMELHLT &, BLEONE, NEk LU=
FLAMBOIE ST L. BLEONE DR S ICKIETALTIMNED BT/ SV,
NEOESIZH L TERESEE L., —F, AlORNEZHECT L, BLEONEORE
SFEDLLRVD, NEBOESIIHML, Z2FLAMBOES IO L.

6-3-2 EEEEERBRER

FEERREFERBR DORE R, BEEREUIBEREE BRI L ITMEN 2 <, BERIREICKIET
BETBEOEBIIH SN 1. Fig. 6-6 |- 0.49N TikBath DEARER T DR LR,
TRTOZTREEBIZEBWNT, 1.2%RNMESOBEFEEIT/NS WD, IRINEZI0T & B
BIIR&E Loz, LL, SiAEIC 20T, 3%RNEE&ICE T EREII MO A4
FEREMETLARNo7. F£72, SKD61 LB L&, Si ORMEIZ L ST, MHEEFEMEN
MEL7. ZEE0mbEEL b ORIl HOVNT, MILEDHE L NEEAbETIES &
BRI DEEFER X OBIfR % Fig. 6-7 1777, AEBRTHWE=AEICBWT, B{LEOIE
X9 X T LiFe1xO 5720, A&ITHEORMEICE b7 ) BILEOIEDOIE S DELIZHN
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BOZENLY &/ NWZ LD, Fig. 6-7 IZBLEONBDORE S & ERES L ORKREAD
ZENTED. Thabb, ZtRkEa@OMEFEMIIEMAG 0 SKD61 (Z31T 5 Mt EFEN: &
FAEICERLENEICHEEI L, Si BELT Cr ORINC L v IERK S5 BbE o NN EWIE
E, BREEIITIERW ERbhotz. SifEOBREREI MR bEN I £ D, LiFe 0 F
IZ(Li,Fe)2Si04 23 43 Bk L 72 M8k O ER L8 IX M EEAEME BN D Z E DN B E o7, L L,
Al DA, BRACERNEDEWE EERBEY. 77205, Al DIRINZ L VB S L1l
NI EREE A IR T IELEEXbND.

6-4 BE
6-4-1 BALBIZRIETEETRMEDOE

AlOTWIMZ L > T, ZRE#EEOMLEN MR SIS, Fig.6-3 X0, B{bJEiX NaCl HoD
Bt D572 0, LisFerO RERTHLEEXDND. ZOE—7BEMIZTT7 FLTE
D, NBIZIT Al AR ENTZZ LD, LiFer0 T2 Al BNEVE L-fEmfE ch b &5
AOND. MO FA L THDH AFOESEMHEIL, Fr i /< LItk s REND
O, O*eNFA L LOERRBEEDENKELS DL, AFUFEEWEREMNL, B 1ER
3BT 5. LisFeixO @ Li 28 Al TEBE SN LG5I FERITIRELS D, Liedo
T, SN — 27 1Z(LLADFe 0O THDHEEZHNLD. T IO TH S AlLOs D
AL E B RV F —IE FeO & R TIEFIT/N I N2, ALO: MERLENEITHTH L T
HZEBEZLND. LL, XRD WIEDREREND, ALOs BHTH L TNDHELTH K
DTN THD EHRIND., LER-T, Al ORI L > T, #EIL LiFe 0, NEIX
(LL,ADFei O MO R DM LERNTER END B2 bND. £, e REMMPHOE—27 T T7 1
— N2> T\, ZHuE, e HFIZ AIN 2347 L, PO ¢ REDITOT HBFAEL
el EBE 2 bS5, o-Fe TUICEEL TS ALIX AIN & LTHIHT 2 &L, ZOEMIC
FOTHBREETDLZ ERNMLNTND®,

Fig. 6-5 LV, SiBXOCr &0 #EMT2 &, BibENEOE S X35, (LiFe):SiO4

3k L72 LisFeixO F 7213 Lid(Fe,Cr)ix0 75 72 D BR{LJE N8 138k 0 41 J5 ik % il 9~ 5
O ThDH. Lo T, TNLBILENBREL R5I1coNT, MLEIENHEL 25
EEZOND. o, SIBXOCr&NENT 5L, BLENBOEZ LEATS. b
OWMERHE TN L, R IT LD REMCTHE I, WEHIZIEBR L2 ed B2 61 5.
ZNOOWMEO I LRI E bW, B LENEDOE S I3H 2 BE £ TR T 228,
ZTORITFEAEEDLRNVWEEZLND. L, ZNHLDOFRMENRI LS DT NTHD
%, EZFRLEWEORNOILEPAMEE SN\, GaiuiEoNEEmkiTis 2 55,
BlLENBITER I NN EZEx bild.
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SKD6I IZHEND SIBEIO CrENDLEDE I ZHET 5 &, B tENE DR S 13 1 %Si
WINFFOREREBRB L —8L, EFMAWEOREIITS %Cr iNEORS LB L —
HT5. Lol, BIEEBABOESIE, SiENLTRINIESLVHELIHY. Zh
FEFMAEYBOESBIOMHEENEBRL VWL EEBEZOND. ZNETOHMEND,
BN IE T =R AW OE S DL EIZIERE L2V, SKD6L 12\ T, ERILBE P T
FIIEH L CEAEREN CON R EEZBRT D720, SiAd L s L EZRILAWEOKEIX
BN ThHD. 7o, ERILAEMBICBIT 5 e BT OERB L OIRFIRENHEINT S &,
e FHOBIEMERES N D EE 2 B DH A, SKD61 @ e fHICBIT S 2 b OREEITK N EE
2 HID. Cr Z b=, SKD61 IZIRMEIN TS VB I Mo BEERRIL & IELT 5
O Th%D. Lichi>7T, SKD61 IZHITLMbENEOIE S 1%, Si & BEM TR L7 R}
EHERTHLI D EEZEZ NS,

Al DA, IMENHINT 2 &, BILEOHEDOESITED LRV, NBITELS 2 5.
Thbb, AIORIMNC XV T 2B bENE XS0 FIiAEmH LisneZEx b b.
FeAb 8 N g o i A & 12 (Li,AlFe O TH Y, Al ORMEICE 5T, ZofaToskoE
FIEEDLLRWZD, SKONFIEBITITHE L W2 eB 2 bbb, —F, Al ORI
BLLHICERMLAYBOE S IIEAO T2, BIEEANBOESIIENTS. 22T, %
FLAWIEOMEEICRRNT S EE X, 1.2A1 B48F X0 241 A& O uRES 2 JH~7-
Fig. 6-8 (2T X 212, {bEWET D e HOFIEIL 12A1 5@ LD & 2Al HE DT E .
Thbb, 2Al 5D T NEFRILEWEORANBIL SN T VW EHRIND. TDW,
Al OTIMEOHINE & BICERILAWEITOTNCHEL 250, BILBEBANBIZELS 25 L
Exbis.

6-4-2 EEBEERERMIC KT TEBRILE OMBEOE

N— 254 DO EFEMEIL SKD61 OZ LV bEv. ZiLEfEmbio R & SRR 5 &
Zxbid. H2wET, BLEOHNEOTMEFEMEANE LY IRV, &R kLo
FTNRREWEZDTHDHZ xR, LEBR-T, [ UMSHEE THIUE, &R
THDHINMEREETEWEEZLND. Si, Cr BXWAl 2N L7=5E, BILENED
FEERRLII R — A B EBOREMAI LD B RE V. L, INOEETEE 1.2 %N 5 L,
NR—2 54 X0 HIEREENR ET 52 &b, 2 bBbENE O EEFENEIL LiFe <O
IvbEmneEBEZLND. ZDSi, Cr £7201F Al ORI L VIR S NS ER{LEONEIT,
Z N FHU(Li,Fe)2SiOs 23538 L 7= LiFe1 <0, Liu(Fe,Cr)i,O 721 (Li,Al)FeixO 7572 5
chHsd. ZORNBIZONWT, A7 by h— A SHEBREZ AT, #WE3 of I TE
BERBROZIT - 2. HEIHEOW MM % Fig. 6-9 (2R T. [EEOKE SF2Si A&
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THEL/NEL, 2Cr AEITBVWTHRE LRV, EREOKRE END, HLEIDKW Cr &4
DOEALENEICE VT, BB EZ 400 HV UL EOBE I THDH & A HivD. LiFe,O DiF
S 300HV RiROTH 5720, BALfEDOWNIE T LisFerO £V b S 3 &, 777205, Si
F720E Crivn LB b E N8 O BEREEREWOIL, ZOEWESICERT L EE2 bR
L. Si Bed%a, MW SIIINA, BN ICIZRR DS ORI 2 i LT
WD, AR LIC BREMMHlEND B2 bd. £z, 2Al G&ICBW T,
JRIEDEPIZ 7 7 v 7 BBlgE S iz, BLEAIIE O LIARIZ & 78 5 MMEEITER
TERVWEDTHDLEEZDLND. LEN-> T, ALEINIC XL Y ERLENE S HetEmEE L <o
TR, MEEEMETT5EE2 015,

L2vL, @ xEORMEL T &, MEREITETT2. Zhiidko Z >0k
DHEZOND. —2iF, WWINEZHECT L, SiB L0 Cr 054, MEEEICENLT-RILE
NEDNELS 720, AlOWE, BEEmE LT W LEONEREL 25720 ThHhs. 9
—OOMMIE, BRIEINEDOMEFRMEISER T EEA NS, RINENETIZE, Bt
@AM BT OB I AT E NI T D70, LV WEORESHBIZR S, Lz - T,
ilbEosEEtNEOREZRAICIIKEH LB LT RO THLIEZEXLND.

6-4-3 A OEERRLICE R RIBHRRRE

SKD61 D &AL, BEANVBER LEEDRETEME LTHEHT 5 2 & 2888 Likd
INTWVDEOE SiABK 1%, CrAS3%EENTIEY, ALIEEENL TV, Si Xtk
BB, Cr OFIMIRYOSROFEANEE M LI FLH7HICRMENATWS., £ T,
INETOMAEELIZ, SR OEERIICHT A8 ERTT 5. BHEORMEN KX
KEDLDEEE L TCOFHANEHELL 25729, SKD61 OA&HGEEALTSH. ZhE
TOHANG, Fig. 6-1 [IZ T EWEILENEZ b SEEIELR O IEKITIE, Si ORInE
OFELNEE TH D Z LN bho o, BT Si RN X > TER S HELEDON
BlzkombL, EWEEHRATHD. Si OTMENELT 51 EBRLENEITEL 72
. LEERoT, @MHICHEIT 5 Si EORBIZEY, &M 575 mMEmRlb s #iffsn
%. SKD61 IZRBWTIX, AT D SiEE 1 %D EnBRED 0.5 % T 5L, BLENE
DRI 1S EIC2D. o, FE2HEOERNG, BLENEORERLIZIE, BEikE/L
HORKME D BIEEDHTNHENTHDLZ ENDroTND. LEER-> T, BHEOIRENR
AURWVER LIBEL TORIRCTRIETS ZENAHTHD. #lziE, SRR L7 823
K725 20K EF72 843 K TEARE LB 21T 213, B LEWNEDE I3 1.5 510725 &
THREND.

B2, AFRICBWTEESTEDOEBII =R HWTHAZN, ZofsimaeE

i

N

107



SRS T 5 72D12iE, EHMO X S 7

2R EEEHAVTHRNTOIVNERS L. L
NoT, ER LR TFEEZCRASICEB L

258 DRGEIZ SR OBE L LIz,

6-5 S

Fe-0.4%C A4 12%~3%D Si, Al £721X Cr 2 RN LI =R A&x2 AT, BBk

{EALERIZ X 0 Ak S 4 2 TR & MHEEREMEIC DWW TR /ER, LT oM A 2157,

) Al OFINIERLENE O EZIE L, ZOE S FXHRMEOHEINZ & b 220V #ENd 2523,
—7J7, Si, Cr O%f, ZTORIITFRMEOINC L 72V T 5.

2) MHEFEMEIL Si, Cr OLEITMILENEORE S DI L b m ET 5600, AlD
BAIITKTT 5.

3) ER(LJE N OMHEREMEIZIE Si IRNMPRRBANTHS.

4) BRIOE L5 EMEREICIE, BEESO Si B2 0 RE IR L, hofnmkaail
SLER D S5 F % A O#RAL 234 U WP CEiEib L, BibERNEoRE I 2K E 5
ZENEETHS.
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Oxide layer

Fig. 6-1 Cross-sectional microstructure near the surface of Fe-0.4%C-2%Al alloy
oxy-nitrocarburized for 10 h.
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Fig. 6-3 XRD patterns of Fe-0.4%C and Fe-0.4%C-2%Al alloys oxy-nitrocarburized for 10 h.

110



q (1 10§ PAZLINGILd0NTU-AX0 KO[[€ [V %T-D%1'0-2d JO o4 PUB IS ‘O N ‘D Jo sdew sad (p)—(q) pue o5ewt g§ (&) 7-9 314

a1 ()

- = -, I— - - e m————
R —— . ! e - - - o e - _——
i " = S - =" - b » - 1

e -

- -
=t - - -
- - e -

- - - -
o e e o o o o

\\)
o - o T T T e

* - b

oy -y "
- - - s - -
o - - s S -

.
b - v

P - - .Qiﬂj(

o o nd

- - -
- o -
- ~

- - PR
-~ bt phrmg) N

- g e g |
e “

111



~
oo
~
(9]

Base alloy OSi  ACr OAl
=) <
g 4 1\
S RN
. N R
Q 3 NIl gl o
2 =
© R T
2 SKD61 Bee T o ...
o L
g
o
= 1
F

0
0 1 2 3 4

Content of alloying elements (mass%)

(b)

14
~ 12 g :
= \ . OSi ACr OAl
2 10 AN
8 AN
= 8 T BT
Qo ‘~\\ ~._ O .
2 6 L Qlzees-moT T
g O .-~ :
e 4
<= -7 AR
=, T ¢ SKDO61
i Base allo
0 G4 Y
0 1 2 3 4
Content of alloying elements (mass%)
() 25
& Base alloy )
s \ OSi ACr  OAl
E 20 |,
3 \\§\\
d \ \‘\\\\\\
Z 15 \ \tﬁt\\\
L.a \\\\ \tt::ét\
2 10 AN \::==:~
o e il = TSN SKD61
-~ S TTEEToaaoo
) O "~-__ RRREEETEES 257
= 5 O L.
e 1
0
0 2 4

Content of alloying elements (mass%)

Fig. 6-4 Change of (a) outer oxide layer (OOL) and (b) inner oxide layer (IOL),
and (c) nitrogen compound layer (NCL) with the content of alloying elements.
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Wear depth (mm)
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Fig. 6-6 Wear depth with thickness of the inner oxide layer of each specimen
oxy-nitrocarburized for 10 h.
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Fig. 6-7 XRD profiles of Fe-0.4%C-1.2%Al alloy and Fe-0..4%C-2%Al alloy oxy-nitrocarburized
for 10 h.
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7-1 #E

BREOEEEBEORG 2T BB HEREDEEREBE A N OMRFITITS b5 8E =
A NOEBRMLETHY, ZODITITEMOEFEMIERNEHITH L. TIhiEs
BNV EFEME 3 KOV 7 L I IEHEMENRD b, #EkF 0 RFHFa{biz Lk ek et
BOBLALERNFGNTHY, —F, &it, BILbRERICA U 25 ER R E LA
Hah, 6825 EH#MEICIZZOLEOER~OEANYHFINL TS, KwmXT
X, B T EMICEB T DB EHLEL R O QNS Z O EEREME R L OV T L 2 IR A
P, ZOMBOTEE L OREZHIIRETEELREOELBELZHP LN LZLDT
Hoh. bz, BonzmAekic, £8oEElbo - o R BREH TIEE R
EL. Az 7EnrofmRans.

1w TR Cif, BEESLZRET &Moo BEEELS LOHREL R L, BF
DT OIIZF OMEFEMES LM 7 v I EEEOm ENEREBETH L 2 L 2R L
o, PERAETRICHEA S D RmMALH IOV TR, BB Z 5 S8 5 Rk
EWHEOSR~OBHANYHFIND 2R L, KigXOERKR, BB IO
o LTz,

g2 & TEedkE s U2 BVH CREMIC kT 2 £EMM TiX, @8MEE LT
F I LB T HH SKD61 &\, BEEE(LALERIZ LV B S D REMKE =0
REZFE Z, HERIETH DHRE F LA & IRERFT L. TR, wIhoW
BlZBWTh, RE2rbBE, EFREMELLXOERILBEN R I D D, 1€
ik OWmALIE L Fe:04 g Th 5 DIcxf L, MiRE/MomibiElx, VFUvraxgl
FeO 72 H 72 5400 E & £ D FeO T SiB{b R B LIcNEDO g2 L, %

, WREAL+HEALLEEM O BRI EVB IR A RBFET HOICH L, BiREH
DZENIFHBETHDZ LWL LTz,

B3 E TRk LA LB T RMIC kT 2 REMEMB ORI TiX, AiEL
[FRE, BREKZEALM OMERENER X O 7 v L yEEME 270 U, b+ BRIL LB O
fEA LB R L7, £ R R, BiREM O EREM I X O 7 L I EE Mk
B+ BB L b ERD 2 RE L. ZORKNEZRDL-D, BEOKREIC
L0 &g OB, Z TR, B EREEI IR EENE CERT2 2, F
7o, MEBEMEITBCEORELZOEMIE bW m EdT 52 2oz L. Lz
ST, @O 65 RFEFMGITITBRICENEOMBMHENEETHL Z L 2EHL
7.

%5 4 % [Fe-0.4mass%C OfgEcELAER ) TIE, BEEANE O BEREZ B 5
T 52 EEEMIC, A F 2 HEBR L7z Fe-C (AR AL AL BE & BE L,
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AbE OO 2T~z £ o R, REMBOMERIE, BRuE, 2RbamE,
ERIBIE L 220, TORBEMEIL, BLEOBRIZES > TEF(LEWIE 1K
THZE, £, BT FULANEWE L FeO HE L 720, BLEWNBITER S
Wz 2oL, BEEBNBOERICIZASTRENMS EET L2 L2 EH
L.

#5 5 % [Fe-0.4mass%C 54 O E LMK IC LT T B FEOLE ] Tk, SKD6I
ZEENDHEETHE LM THIML 72 Fe-0.4%C-2%M (M: Si, V, Cr, Mn, M

Ao ANT, BREMLEIZLV RSN IBILEICKIETAESEILED
oo ZORE, WTNOXZERMIBN TS, REMBEOHERIL, BILE,
Wi, BHRIEBELY, TORBKBRII - TREELFEKEE RS, LL, SiB&
N CroWMIMibg o Jgf#HiEs 726 L, WINbABIIY FULAREELE
FeO, —J, WEIX, A& OHAITIE FeO HIZ SiO, Ny L7-#fk, —FH, #EOH
BICIE FeOIZ Cr NEE LMk E D L 2HLMN L. ZOBIELBAREOERKD
FHIL, AR LBELOBEZ AN —DOR/NMIERT L EMELT. B,
TNOHEICLERILEWBETICRAS RBERINT, 2L, KXBOEKT Y
F U L%k ETe FeO NWEFEONIGTILBZIME T D720 &k~

# 6= [eMommtEaebicm i) - RBMEMRETFIE] TlE, fiEETOMALYD,
BRILBNE O ERET S SIBLOCrIZMx TigELORBEZ XL -0 Al
DRI KIETERRMEOEEL L O OMBERENZ MM L. ZOfE,
Al DTRIMIBALENBOERZMR L, TOESITFRMEOHEIME LRWEEMNT 5 2
&, —Ji, Si, Ctogh, TOEIZHEMEOHMICE LRVWEVT L, Fiz,
MEEFEMEIL Si, CrOBFAFESOEIMCE bRV ETD2 500, Al OHA I
TT5Z&aWoNnT L. £/, BAENEOMBEREMEICXKIZTTHRIT ST Mo
BECERBERT L. UbkoZ &b, @Mo IR 5 iz, BEFEM#Mo Si
EAEOREICERB L, MoK ELEE OSSN A2 B ORI DL Uz Wi ¢
FEiRfE L, MEEBNBOREIZHRIELIZENEETHLZ LA L.
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