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1-1 #

WMESBMTHEA—2FH4 b (7, BOLHTHEE) OKBLLREGTE L.
REZBRACEBELLZTLF A b (e )BBSRE, HRTEHLALILTF
YA P OEYEEIIROTESE (bet) THE., A—2F4 FEETHEHE
ALTWB EEZ GRBNFEKRTE2IE. Ba i noigraBictt 2P 59
4 FOCHOZEWIETNEKRT S 2ICHIET2DOTREFATN T4 MILH 5
Tl EFSICHBEENTVWS, OB, fcckbccclidBTHiEHD Y
Fe—-C iR Tl .

(11 1)y /(01 1)y
[1011n (1111 e (1-1)

7 BB, ¥ 7% b BRurdjunoy ~SachsDBIE (LIFK — S OBIG L B53) 78 2P
RERTLT VA FIEVEEYET 20T, ER LEHGWSAT WS4, B
RIS DHESERL LWL S TOLBELRE ML X OBRBIIEE 2 EEL .
UM L CHERYTE. COREMTLFIYA FOBRELIE. T
B D ST 2IRGBSUIB U L WEICHIE Y | EZH EolEiziz
BRASRTVWS, LPLIOBRICAELZELOBSEESHOOBEOMIRIR
ARSI RTWB LIdE bR, BRBEREDS L TRKPLELF
B XEPT N . AR flME R 205, REFOMRL (BICERIRBVWT)
DL . M EHITH S . WENE DO THEMLTWS . BUSRESLBIT 2%
YoRihLEFLLENLFETIELY, 2. BRAERSAZNY 7 — 217
MC X 2TRZL ¥ OMESE LR TH 2P REDEDIE. B TRV,

DX I HKRE N ZFBFIE . RERTLT VYA N OBANEHRDOIRED
52 DRETRT B IEIALE BN I V. %1 OHES ZALLE
DBBTELLMEL YOL S 2k b ) &> TERLEPEOWTHLLZLOTH
5. FAVECFBEECENMMEETERSE. o3 ERBLASERL Y~k
DEEEETHs.  AFrzing® . ma® a5y x 2 —mo BT ENs -
BFEMFEICL 2 REBFACAL T4 FOBERAESBRL LTIALRELOTH
3. LEH->THABDI->TEY . fSABEAL LTRIATWS > 2RI R
REREHS, H2OBROMEAIRSCHMITH . UTICLFORERED
B - ABIS ) ¥ 2 B % R,



12 $ekoBiz L ABFORMEN
REFTT oA b OKRE LBRICHBIT 5 MEHEEZG & O B AL R %
BINSRL T WA b OISR LEUE ERICH S B OB TH S 5, Fig 1-1 i320—
BIe . fis SO itk > kAR L SR ERO BB BME TH L. hickse
FELETIRERORRE LBRIE 3 20BBICHPRTEY . WFRLRBEF->T W
5. ZALIE390KMENSE—BI. 42057 0KOWBKE. 420 -890K
DEZBIETHS, Fig.l-2 EHKERICL 29 7E0MBE L2 ED170 Kb
DRBHBHERTHSL, L5170 KETF2 5270 KASEDBERTL RM% 15 1
BEMSRETWSE I EHFbrs,  CORBUIMHIRRLFZA . JOBICRT 215
ZGISHER L OWIIBERE B B M3 FIELRE (preliminary stage) DHIEZL L LCibh
‘(néou’) ; '
CDESITREBTT A FOBELICHES A . 4 o0BRICHE SR
3. LTINS 4DDBRREICERS 2 HEZLOME & ATIK L OBIBIC O WORT,
Tzotov & Utevskiy i3 i 4 % SR L7 S0 & R HABLED Z b ) (= B aEL
FHSETFEHEBEEL2 RERTEOEHIZIZAHD “D0” BEESH. #b
32D “20" DHBIFEE%FesC% K7 IR Y —DERICE B LDEE 272,  Kha-
chaturyan & Onisimovald “0” KEEMELNLBER 2 RERFOEBMMAIC X 2
bLEL. “o0" KiutEEoBmESEEHE LAY 2pETENe - TTER
EE VTR IR 2 8aEE
© “on" KEEMELOHH
@ “o0" REBMELDEOEER L0 B
@ cHZH->T 2205 E L2 BENE TR ST o H 3
AL . RES TR —DBR. ERAMEOBR RS ERNANEOBRIC L2 LT
BrIrremlel EMCRBERT 2 525~ (102)4 (102)4 (012)K&T (012),
WAL . DN EA TS R 2 ERMEEF L2 REL- W) o
HE L REEE - BEHEE - SOMEETENSECHEL . Hitlcd o FRELI
S REERGEORRIIB4EIRING, |
HAROBHETILT T4 MR TIIRER T c 8% 3 \FE kB BAT2 &
w7z, LA L19624EIC Y #idDLysak &I IKE X2 EHTEEIC X YFe-¥n-C, Fe-Re-C7¢ ¥
TR TE LRV T 20 4 FOIES i e/ al3RBOZALE WATHESTHS
(/<. aBBEW) CLEREL. COX3%hS%c  allDINTF 44 & i
PNF A b LA s <% 2 B 2 EH O NEIRT S £ 00z (i
ETIR7 < | BRI E B — OB BE T £ Wl kB BAS Y 2ERSSH Y . 2h
PAEBEHRD TN T Y IA bD e/ a /NS KMIZLT VB EE 2T, KRETIEE O
MR L. BREA—2FF4 P2 ETEMBENTEHT L2 LI DFEEL T 94
NEME. P T YA MERBEBROIES SMLRRE FRICHES ¢ antb i s
L7z, 7 XEREYTE TN R IR B AL B D\ T b 2RI e & i



CELETERBELL, ORI, BI3IBCRINDL.,  HRLDOPEHVIRED
390 KAHETHT 2 & . ZTMIBILHRL . Kb T 7 —Fe oMt 3 2 P jas o &
WO/ affidks <ETFL. LOBECES TS, JacllXEiclsmisrssm
— BRI 9 2 IRALSKIZ A b e —FepuCTH 2 & L7 3L oM, @Az k28
FREMWEEEROB T RBRINL. Z2h0b I P EARFMIC > T VA S L
FRLE. ARSI B BB 0 7 —Fe Cld BN 4 1o 7 25 T0H3E &
% BRRE R > TS 500 . 2727 —Fe,COMMOBBULAZ DD . 2 BT 2 2 &
THY . FREEHREETEREY HWTHENS, COBRIRBASICESNS,
REMOBRELBEONTE - BIIZ L 7> F 4 B2 bociatn' m—
BRRSICHIYS 3 2 BUE TR L 72 30E 513 £ ¢ c BisaIc & 2 EIHIdis 2 . B4 — 25
FACBHRLEC L 2R, CORBEEREOA— 2574 b2 EES DRESI
BANZBHZERE BRA A NEBEFLTHD .,  —MeA 4 FERTERT 2
LOWBEAYIAF (OFe30) L7254k (@) THEH. BRLIAFLHA

273 373 473 573 673 773 (K)

128 %C 4

8or ,___12_.--——/7
g0
E sor
ig 40F
o
O 30T

2'00 100 200 300 400 500 600

remp. (°C)
Fig. 1-1. Specific heat(Cp) - Temperature curve of

1.28 mass% carbon steel. The curve gbe
corresponds to the normalized specimen.
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Fig. 1-2. Specific heat - Temperature curve of
sub-zero treated 1.39 mass% carbon steel
at low temperature.



(277 -Fe,C BFAEL TV B X 5 7% b7 ) ISV IIE TRE A — 25714 R L2858 b
7-FesC IXHTH LAVDTHS 3 02529 4 F OB L OBk 5 L 7ehs & gk
RS — RV EE 208" BEEAFLV. BEOBVWEHRICRELE.,  JOKE
BB 6EITRIND,

BRLUSTREOWEIIZ XY ¥ 4 b L S 2 B x — BALRS T 2 L 3
B, KEDBWEA Y F4 R ET BRI oNTEVEREDH -2 5a s 1385
FRHEE TSRS % PV R LB S BRI 0 ALk DA THE X 0,0 —FeyC, x FegCyo—
SR O n-FeuCn TR N B ALK S EMZ 48 L T . SBIERMRECERIEEL TV 2 1008
(microsyntactic intergrowth) {CH BT & %rl72, FRIALRTIE. 20k S Zikibsk
KF20 ~RTERRE. 200 —KTIIE—BEON RS 7 —FeyCk ¥D X 5%
BIRICH 2D . x FesCy 7 KId—IRINZ b D Db %7~ x FegCy BIMOK FAXTFTEL
5 2 OPENL Y R EEACBERETHE . RTREL EEHVWTHELL.,  CofR
5 RITRE NS,

SRDBEI LIS R LSS BRSOk T3 HR S 2 WIXTEIRIETH 2 45 870K
HHEOHMINC % b & TSI EER ORI L . WEBDXIR (0, x, On DERIER
BRSNS, LoLadsmEBicizs<EroximzEaATOnS, SOk 724
HBALDBES L UMBOEIZ Y DL S L BRERTELIZOTHES 5, O
IS LISk L 8 — 2 W ‘203" BRICL DL AL 94 FOgE - Sk - R
RBREERNICHRT LN TEL,  COBRESTEICRT.

AP A FOESEIEBTIRERRT 25 L TR KDL 8 5 28R SOMIES
ETE D2 EEHF T b HEIRICE > TEDL S AL 2. 242D S
RESRIZE DL S ABBEHLZSPICOVT, FHEEY I 21— 1 > L MR HN
k). HEHMRHEROBREHS I LA, AR BIBRT.

PR R HOMRE LB 2 3% L EETH 2 WK ETOBIE & fEs
TR L. RAT 94 PERBICL DBRRICBAS A RERTFBLEZ0E DO
BIFETAERIE ERICHEOWE DL S RSS2 k5 127 SRBERTHI LR
BThb., hEBEIHEICTKT,

DL E DR % BIEL 2 ODBI0ETH S



(1
(2)
(3)
(4)
(5)
(6)
(7)

(8)

9)

(10)
(11
(12)
(13)

(14)

(15)
(16)
(17)
(18)
(19)
(20)

(21)

& X W

E.C. Bain : Trans. AIME, 70 (1924) 25.
G. Kurjumov and G. Sachs : Zeits. Phys., 64 (1930) 325.
B WE - BEIERY MR (1974) .
=B BT . Wy I¥AF M (1980) .
gk E] R TEKRT B (1981) .
s S, AR K. B8 BE - HAReEFEIE. 2 (1962) 994.

V.I. Izotov and L.M. Utevskiy : Fiz. Metal. Metalloved.,
26 (1968) 973.

M. Kusunoki (neé Toyoshima) and S. Nagakura : J. Appl. Cryst.,
26 (1981) 329.

L.I. Lysak and Ya.N. Vovk : Fiz. Metal. Metalloved., 19 (1965) 699,
20 (1965) 540, 31 (1971) 646.

L.I. Lysak, Ya. N. Vovk and Yu. M. Polishchuk :
Fiz., Metal. Metalloved., 23 (1967) 898.

L.I. Lysak and L.R. Andruchuk : Fiz. Metal. Metalloved : 28 (1969) 348.

A.G. Khachaturyan and T.A. Onisimova : Fiz. Metal. Metalloved.,
26 (1968) 973.

Y. Hirotsu and S. Nagarura : Acta Metall., 20 (1972) 645.
K. Shimizu and H. Okamoto : Trans. JIM , 15 (1974) 193,

K.H. Jack : J. Iron Steel Inst., 166 (1950) 17,169 (1951) 26.
Acta Cryst., 3 (1950) 392.

M. Cohen : Tfans. ASM, 41 (1949) 35.

Y. Chmori and S. Sugisawa : Trans. JIM, 12 (1971) 170.

J. Crangle and W. Sucksmith : J. Iron Steel Inst,, 168 (1951) 14.
Ph. Dunner and S. Miller : Acta Metall., 13 (1965) 25.

S. Murphy and J.A. Whiteman : Trans. JIM, 13 (1972) 298.

Y. Ohmori and S. Sugisawa : Trans JIM, 13 (1972) 300.

S. Nagakura, T. Suzuki and M. Kusunoki : Trans JIM 22 (1981) 699,




2 E

AFHER T E L B



2—1 #HEHER &

EBICHWCAEBDERFIZLITOMY) THS5, Johnson-Matthey oD GHlifE
# (GmoX 150mm, EEAFM20 ppmllT) 2 GBIEEIC L D#0.1m BIZL2,  BHNIC
LABIEDHE. 25m X 70m KDOREZ1220KDKFE—20% X & BEH 2B T30-904
BORFFICEDERRL, RENETOESEEILTRAPTORFEEZ EHRINT. 7
Nid0.8 —2.5mass % DFPICH 72, BEREFEMDOFR LIBHOATSH 5 AHMA T .
BprToRFBREN 2rassB U LOLOXER L, ZHOHEEZTm X 25 mic)h) .
2 x 1073 Pa(2.7 x 10™ Torr) MDEZMBIFRTIZ70—1370 K T20—3050 %L . kil
MELZ:, ZOBZEMBFNICA v 2N, FRAZHEAL. EEZHY, ZEZIY
HMUABRANRLY:.,  ROZHEOBWIZIE L TKRDBEZELLIER, BIZIE. B84,
5, TEDES%RNT YA FORBEEIZOWTHARNLLDIZOWTIZ293 KE220%
KARIZEAN ., FOBBEERICLZY Tl 2iEL7:, —F. 83, 680L5
LEREA AT 4 FOBEZELZIELLDIZOWTUHL., KELREA—XFFA + &
MY 9 500T320 Ko@mkizgEAN,

REFEEEIZ1.4-2.0 mass% TN BBTHOREFBREL FHGEIL. aBXUcolg
FEBDOBEGRR

c=0.2866 + 0.0116 X massyC {(nm)

a=0.2866 - 0.0013 X masskC (am) oo (2-1)

c,/a=]1+ 0.046 X mass}C

AL CEn ST BRI A ARESORED LT A R (1001,
HHWE (010 ]y AFHOEFEHFTHBEZHE. chbrokdobhbc /a% (2-1) X%
AwTBa L7z, RFEBERZIRPUTDERFEETIELL . =254 MLEEIC L »
TEESNR,  Fig. 2-1CRBMDBHEDHERIEL M s SoBEE 7T YO murest
BlORFEEIX.4~2.0nass%BTH S5 . Fig. 2-1 L O RKHETHW - HEDOMs Al
370-400 KORNCZH 2 L Wbrd,

W4, 5, 7, SEICHWREO—EE I3 LMWMICITZ R ZIUNG U 7S % 17
frote, BARZREEINA L v 2 D8 AR, MRS 7 TRER. EEHAL.
FREDBIEICRICNIBERFTHHLE, WTFRLW-L<KHDHREBEBLTED . WHKp Bup-
quench TlX7Zcvy,

BFHAMBHERRENIY V8 - 70LBHREEZHW., 340 KTk »7:.  FHiElk
EBHEEZHW: “BHITE” THE, HEBBIZH3OHNTHH . ZDBRETHE
JROTEISZEDIGEFRGBICEBD THITH 72 (BA4BEDRE) . HHEOHKRTL2HKEHL
WA 7xHW, W, s1.5 mBIES N L CAFUMILE.,  Zo/NRE RO
FTNA Y alcBL | BHSBREE L, SRR TH 200 210 . ASLRE
TIEBHBEL 3N, WbWwa “JEL” ALY . REHEREBOE O 8 = HE b
NHZENRLIELIEAEL:., ZITHEBHORAELINDAEL 2o 0E S OHNT,




2-=2 2Ty A oMl

LTI A ORI OWT IS ROEA OS2 Do F L4 e
32 DR T Hico-operativell B & | #SHEZEZ L LDOTHELS . THICREIH
DEREW XA LIHUSIMBR RO L HTELY,  ZOMEEBIEILT VT4 +oD
BE . BATHOPERRTHSS, —BICEREROSE . HEBIIWHY 2522
FrHA FTHEBICIISROEMAH S, HREHTIE. HL Yy IRICEDY, #
HSBEIIEAI TP ICNEREZ S0 L DI85, SRENICE 2 L RERLOEIEH
2<% 2" AERAORGEIX (112)y THE, APFETHVEERERICEV
THAML TFig. 220073 2MEDHBHS B SN, Fig. 2-2 (a) IHHERHOE
CA-72L 25T, ZOMPHEIC L REBEE LI ZOREDPEN LIZL A NY—2
PEEING., BEAHE. FRTFEOPLTOFHRE L2 hbE, OB
EHEHIZ. FeNi-C S DA T Y04 MCROR ., WENGEOMBE L LT BT
LRTVS.  —J (b) I, Vayman 512 X VISR (01 1) 0 BORRDA -
EEBTH 2P WET 2 EFERBBHOERR A ERTH D . 2OBHERICIE
PLDDBOXRBRONZLDD . WHBEBREACDED—BEIAY FIA 252 T
W3, BEPHRICIZ (011 ]y Ao “t5” BELR . RIRBSEVWS L ZRLTW
5, D011y ERRFIZEBEZHMNTL L SICELLBEERBICL2LDE
#HIoNd, AP THWRETIE. Fig. 2-2 (b) OHEZ R HRHSXERNTH
b, ZOXSHBIEISRRELBE ERICHEWITOSISRETBEELERT7 294 F
EXAIANMTHBNH, {112 1NBREPEICA->THRIZZNE IS TR 55
B¥ Lo/, Fig. 2-2 (a) OEFESFRT LI IC. HEREOEIZA > 2B TR
BOEENE V. B> THEFORBS 0L <47 bhu 2z X 5 ZelIEic % & 2 i
COMERMIFHE SN, B LFig. 2-2 (a) DEFTEE KESZW, SF DN
REEDELFIRTIE. KROBENETEC . REH LT T4 FOKE LS8 % R
el 5 VIR TE 522 2 LB TERV,  ABIRTH->CL T4 R oMl
I3Fig. 2-2 (b ) IRTLDOTH D . PRSP EICA > 72 I TIE 2,



TEMPERETURE (°C )

o

1200

l

1100

1000 }—
900 |\ A d
800\~

700 ,\ T m

600

500}~
4001 |
300} \

. AN : ,
0 h Fig. 2-1. Change in Ms temperature

AN of plain carbon steel as thqﬁo
or N ' function of carbon content.(%®)

U e T NSO (01 planer defect
Fig. 2-2. Two typical example of microstructure
of martensitic steels.
(a) (112) internal twin
(b) (011) type of planer defect
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2-3 BIEHE

AWZIL 200 k VENREETHEMEL 1 98241 0 A S HFEMAICHtE Sh
7o, BEEE - BESEY - SHMEETEMEE ECAWTT>%Z. 200k VERIZ
HAEFRIEM—200CXTHA KLy M) —HRTHE., YA RV MY—Bo
KREHEAF KRB R D7 7 Y —DBADPESTHHH . REYICHL< . SHREEHRE
BB EEXLSEE TS, BEOBBY - YL Y opi i T EERbR L
F—%HV, BI3IFOMETIHWBERL Y —% . 86 . SEOWKTIIMELKL Y —%
Wiz,  DUFIEERL Y — . skl 9y — BEEE - BEE%E - SoRREEHOER
ERIEEIZOWTET,

2—3~-/ {KERNVI—

HH L2 KERL Y —IZAAETHOEM - SCHERRMSHWL Y —Th2, ik
N —D—EICREZ S > 2 BH D . T HEHETHHE TLL R TBBICK-
TW3, BREINEEEIZ110KTHE, ZORLY—ENEITAA—9—2)L 3
—EERIDOATEETH S, LI ->THREGbEEFIELF% 5 ICid. BeilcERIcS
WTEEERL S — 2 AVWCERDH I L EE#Y —X 3¢, —#EMN LS bEST
ELL5ICLTBLLESH-T, FERTONKBII3.SARE. 8 (110K)
TIE6. TADEAY P4 (001) ORTFEEXBRELLEHS DS, ZOEKERL
F—IRHICERIC L A EED _BTICH D . £ TORMBRSEE VWS L EDRS,
SBOYWRBADVEDIEHETF LS, ARETHEALLCETFEMBORNECOEEE
I33~6X107PaThs. I<MARSNABEY (N ANBENICHZHEITHH
BHoBWTLH VRARER (BOMH) 2RULWH. 7 4 VARRBIIEZEES+5
ThHWS L EARBITESIE LR, Lok Th<EBHBLA 7 1V AR HW. Ld
HEMICEERBE T obhWE . JORKHBSTBELET B I EHFTEL W,

2—3—2 Mk y—

VL Y — I HABTHOEM - SHTHEMM KLY —Ths, REH
DELYPEFRFICL->TEBEICIIMATESL, 127 0KETMRITETHS
FEEIX1 07 OKMEE TLARELAEES W, SRR S RIS 51 ik
ATEPh—Ph-13FRhAAVER THEL ., ZOFRN =3B T A A —% —(2 LD +30°
Fotks 100 HATEA MBS S A 7 ThHhSE,  HAICERL TS S LR
JEEDS50%4WL 100K EDBETIFHRDERE 2TV, BEPICAELZHFAHLE
TELMOMZ A, FHEZEITISTOKIZBWIL1X104PaRIETHD . Z LW
REBRCEELREBESIIR SN L7, SFHEEEIZEEICLLE2H600K SN
FTIE6. TADELAYZ A (00 1) BTHERBTER, SOHHVLEHRD A v
PaldEEIcT s L —HSHEL BHNORHERETBZINDB LT, b
W'Y TFr8oXy a2 W,
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2—3-3 HBeEHE- HEEZXE - SHREETHEMER

REHX v ONRARZFESNCESELE - BEEZE - SO MESTHEME (LITHE
BENEEE) EIARERMBESR. REYKE . \AREHE L LS hOE )R, il
N, BEDBEEREEHOESM R BSEEHR2MAS ¢ TRRLALDOTH S,
FTUbbLEGEENEEALLBIEAML v ok s 1. 4AER. A Ay, ¥—
KA TR TIZE BEARRRORABELERTH S, AkOBAEL L BER DT
Lolz, EKEDOHEEIZL. TABRETH 720, COBIERDETERE LY —%
LTHRLEAZMETHY . BIELHRARSHEDEFEMBO—OTHL., EHETIX
COBEHADGWIIBREZAAT LI LICL D . EFEHETIEE L WIS SELRE T
EEBKT S ETRANDOHED 2 S RL <L DM KR oW E SR %5
LbIENTEL, FEEDFEHERBRHBIZ1I 000Kk VTHLW., SHMEEBEICHEMZ - v
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Fig. 2-3. (a) Diagram illustrating Kirchhoff's
derivation of amplitude at P due to

a source point 9.
(b) Diagram illustrating of small angle
approximation and Fresnel integrals.
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Fig. 2-4. Phase transfer function of objective lens
for Cs=2.5 mm and A =0.00872 A at scherzer focus.
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A=0.00872 A

Fig. 2-5. The focus-spread-dependent envelope function Ech
for 1000 kV electrons with standard deviation A=150,200,250 .
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Fig. 2-6. The source-size-dependent envelope function Eg for 1000kV
electrons with source-size parameter gg=o/) =0.046 A and
a spnerical abberation coefficient Cg= 2.5 mm. Af =450 A,

1
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...1 ] 1 1 1 1

0 0.2 04 06 08 10
1d 1 AT

Fig. 2-7. Phase contrast transfer function taking into account
the chromatic abberation and the partial coherency due to

finite source size. .Parameter : 1000 kV, Cg=2.5 mm, Af =450 A,
A=180 A, a=4 X 107 (rad).
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Fig. 3-1. Possible carbon atom positions

in martensitic steel.
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Table.3-1 The difference of c-parameters between
fresh and room temperature martensite
measured by Lysak and Vovk

Carbon content Fresh martensite | Room temperature
(mass %)* (R) martensite (R)
1.5 3.021 3.035
1.6 3.043 3.054
1.8 3.058 3.075

*The carbon content was determined from the c-parameter
of o-martensite
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Fig. 3-3. Typical examples of electron micrographs and diff-
raction patterns of fresh martensite taken at 110 K.
(a) Electron micrograph of fresh normal martensite.
(b) Electron diffraction pattern of (a).
(c) Electron micrograph of mottled martensite.
(d) Electron diffraction pattern taken from encircled
area of (c).

R R ; v
Fig. 3-4. High resolution electron micrograph of 1.6 mass3C
mottled martensite taken at room temperature with UHV-

HR~1 MV EM. Abnormal arrangements of atoms are observed
in the encircled area.
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Fig. 3-5. Change in the axial ratio of fresh martensite
with temperature rise. Plots A: 2.0 mass3C
martensite, B: 1.8 mass%C martensite.

Heating rate is about 1 K/min.
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3-6. Electron diffraction pattern

fresh normal martensite.
the martensite formation.

s from a 1.5 mass%C

(a) Taken at 170 K, just after

Diffuse spikes are in the
<101>* direction, (b) taken at 293 K. Diffuse spikes

are in the <102>* direction.
Satellite spots appear at every tip of the <102>%*

diffuse spikes. All the patterns were taken from the

same area.

(c) taken at 343 K.
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Fig. 3-7. Schematic illustration of the changes in the

350

diffuse spikes with temperature rise.
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(b) Key diagram of diffraction
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Fig. 3-10. Change in the axial ratio ¢/a, lattice parameters
a and ¢, and unit cell volume v by 200KV electron
irradiation at 113 K. Specimen: 1.8 mass3C tempered
at 340 K. Beam 4/ [010]4+. The value of a,c¢ and v are

normalized to the values at room temperature.
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Fig. 3-11. Change in the axial ratio of 1.8 mass3C fresh normal‘
martensite at 113 K with time. 200KV electron irradiation
was done along [010],+ with a dose rate of 2X 1023 e/m?s,
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Fig. 3-12. Change in the axial ratio of martensite irradiated

at 113 K with temperature rise. Plot A : 1.8 masssC
martensite tempered at 340 K and then irradiated at 113 K.
Plot B: 1.6 mass%C fresh normal martensite transformed

at 170 K and then irradiated at 113 K.
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Fi;.azf13. éhé&éé of electron diffraction patterns before and after electron
irradiation at 113 K for the tempered martensite at the edge of specimen.

(a) Tempered at 340 K. Satellite spots are clearly observed.

(b) Taken at 113 K. Axial ratio becomes lower because of irradiation,

(c) Taken at 220 K. Many slip lines are observed.

(d) Taken at 290 K. Two kind of diffraction patterns are overlapped,
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Fig. 4-2. [010]yr high resolution electron micrograph Of a thicher

part of specimen. White bands due to modulated structure are
observed in two direction. Objective apperture size is indicated
in the attached diffraction pattern.
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Fig. 4-3, [010],+ structure image of martensite forming modulated

structurc obtained from thin part. White bands are observed

in one dirrection only. Black dots represent the image of
[010],+ iron atom rows.
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are clearly observed. (b) Optical diffractogram of the negative

film corresponding to the area of (a).

Fig. 4-5. Schematic illustration of (101)y: and (101) 4 lattice planes

against the bands of modulation.
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Fig. 4-6. Cluster model of the modulated structure. Carbon-rich

planer regions are shown by the projection along the b axis®

Fig. 4-7. Modulated structure model of high-carbon martensite

é projected along [010],. direction proposed by Kusunoki

and Nagakurafq)
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4-8. Idealization of cluster model for computer simulation.
(a) An expected arrangement of clusters in the martensite.
(b) Seperation of (n-1)layers of average bct structure and

1 distorted layer containing iron atom displacement.

bct
lattice

4-9. A possible atom arrangement of distorted layer for the
modulated structure Arrows indicate the relative magnitude
of displacement and direction. Thin lines represent the unit
cell and broken lines interstitial carbon atom cluster.

Small dots are possible position for carbon atoms.

§&



Table. 4-1. A possible structure model of the distorted layer
for modulated structure in iron-carbon martensite. NS
Basic unit cell
c=3.063 1.7 mass%C (7.4 at%C)
a=2.844 (A) e/a=1.077.

assumed unit cell (projection of a distorted layer and -
a average one)

A=~g~a+%c=8.465 (R), c=3Ja+de (R, B=114.3°
2-dimensional space group p2
Fe-atoms AX AZ (K) C-atoms AX AZ (A)

0 0.0 0.0 0 0.02 0.0
1 -0.10 0.33 ' 1 . -0.02 0.0
2 -0.07 0.08 2 0.02 -0.03
3 -0.03 0.0 3 -0.02 0.03
4 -0.10 0.33
5 -0.10 0.08
6 -0.07 . 0.0 Occupation probability of
7 0.0 -0.07 ‘carbon atoms
8 0.0 0.07
9 0.07 0.0 gé » é'g

10 0.10 -0.08 g )

11 0.10 -0.33

12 0.03 0.0

13 0.07 -0.08

‘14 0.10 -0.33

and average 15 iron atoms
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Fig. 4-10. (a) Modulated structure model made of many unit cells
of Fig. 4-9. (b) Optical diffractogram of Fig. 4-10(a), showing

the appearance of satellite spots.
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Fig. 4-11. The relation between two wave vectors and displacement

direction in the modulated structure of martensite.
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4-12. Change in the amplitude and the phase difference of
transmission, 101,200 reflection and some satellite spots
with the specimen thickness. The fine lines an the graph of
tg-phase difference

against the phase of transmission wave. Marks of o and e represent

phase change represent the lines of

the position of distorted layer of Fig. 4-9.
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Z=114.0 A Z=148.2 A

Fig. 4-13. Some simulated images of the modulated structure in
iron carbon martensite in the case of 1 distorted layer/
8 layers at the thickness of 34,80,114 and 148 A
The regions of black correspond to the iron atom position.
Beam direction is along [010]y:.

Fig. 4-14. Simulated images of the modulated structure in some
distorted layer density at the thickness of 80 A.
"n" shows the number of layers for 1 distorted layer.
Beam direction is along [010]y.
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. 4—?5—. ’Dk f‘iela image of n-Fe,C prec;pitated in low carbon
martensite. Beam // [010],n and [OO‘i]n; Specimen : 1.6 mass%C
tempered at 420 K for 1 day.

\_* 4 % . A N -,
Fig. 4-16. lligh resolution electron micrograph of n-FeyC precipitated
in low carbon martensite. Beam // [OlO]a" and [001]y. Specimen :

1.6 mass%C tempered at 420 K for 1 day.
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Fig. 4-18 High resolution electron micrograph showing the

transitional state from the preliminary to the first stage

of tempering. Specimen 1.6mass%C tempered at 340K for 30 min.
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Fig. 5-1. Projected structure models of n-FeyC, 6-Fe,C, x-FesCy and
63—Fe7C3. Large circles represent the atom positions of
iron and small one carbon atoms. ¢ and© mean the difference

of atom hight.
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fig. 5-2. Dark field image of n- Fe,C using Fig. 5-3 Electron diffraction pattern

':101 reflection at the transitional obtaied from the area of Fig. 5-2.
~stage from the first stage of tempering. Beam // [011]a //[010]n // [100]¢.

- Specimen : 1.5 mass%C tempered at 470 K .

. for 50 hr. The particle marked by arrow ' ’

».1s a 6'-part1cle.

Fig. 5-4 High resolution lattice image of 0'-particle in Fig. 5-2.

Two kinds of fringe period are observed. A and C corresponds to

the area of 0-FezC and B and D x-FegCy.
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s-FeosC particle

~

Fig. 5-5. (a) High resolution lattice image of 8'-particle precipitated
in a specimen tempered at 470 K for 50 hr.
(b) Corresponding electron diffraction pattern containing

O'-particle of (a).




Table. 5-1. Lattice parameters of 0-FezC and Xx-FegCz in a 8'-particle
precipitated in a specimen tempered at 470 K for 50 hr.

Reference : o-iron , d211a =gi§%9£-= 1.1702 A
X-FesCy A 1 .
ideal value : d200=§ax sinf=5.728 A
measured value : 5.81 A
difference + 1.4 %
0-FezC
measured value ideal value difference
a - 4.5248 -
lattice b 5.16 5.0896 1.4 %
parameter e 6.98 6.7443 3.5 %
eg/bg 1.35 1.325 2.0 %
30019— 1.20 1.177 2.0 %
ZOOX

n-FesC particle > }

| S— |
E

N-FeoC particle - M8

Fig. 5-6. Dark field image at the area of Fig. 5-5(a) using

i (a) n-Fe,C and O-'particle reflections.

(b) only n-FepC reflection.

€2
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- Fig. 5-7 6'-particles precipitated on the interface between n-Fe,C

and ferrite o. Beam // [111]u Vi [Oll]n // [010]g.
(a) Dark field image of ©O'-particles.

(b) Bright field image of the particle at the center of (a).
(c)Schematic illustration of the particle of (b).

(d) Corresponding electron diffraction pattern at the area of (a).

3
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5-8. Rotation Moiré image due to overlapping two O'-particles

observed in a specimen tempered at 470 K for 50 hr.

Beam / [011]4 / [100]g.

(a) Moiré image observed in a tempered steel.

(b) (c) prepared 2 kinds of slit films containing two
lattice period.

(d) produced Moiré image due to slit films of (b) and (c¢).
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Orientation relationship between ferrite and cementite

Ferrite ( aq= 2.8664 A ) ) Cementite
Direction I”(:F‘;g‘cai:;' Nug;\ber N- dnd Expansion | Equivalent Direction
i or dimension
o ) d planes Relation to Length . A i ioti
Description | Indices (A'SH (N) a, (&) | contraction (A) Indices| Description
Face < S .5 . i
diagonal | (1701 | 2.0269 2 27 V7 q, | 4053, JA1B°e 45248 | 11001 | a axis(x)
Cube g .
= : 5%, . 0101 | b axis(y)
gagonal | (1111 | 16548 3 I5 [3a, | w964, +2.5% 5089 | y
Perpendicular
| - .
2?,,,‘:52;9 (12 | 11702 6 6/%3-= 76 -a, | 702, | -40% 67643 | 1001) | ¢ axis(z)
the previous
{wo
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Table. 5-3. Axial ratio (c/b) of 0-FezC

in 0'-particles and 0-particles.

In O-particles (tempered at 870 K)
1.319
e/b= 1.320
1.323

In 6'~particles(temperéd at 540 K)
1.338
. 1.340
e/b= | 354
1.361

ideal axial ratio (c¢/b)  1.325

B-series
,/:2£§eqﬁon

Fig. 5-9. Schematic illustrations showing the process of 6'-particles

nucleated on n-FepC and o interfaces.
ABC  : along [011], and [100]q4 direction.
DEF  : along [111], and [010]q direction.
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Fig. 5-10. Electron diffraction patterns
obtaied from a 6'-particle and a
O-particle.

(a) O-particle :870 K tempered
(b) 6'-particle : 540 K tempered
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. 5-11. Coherency between ferrite o and 6-FezC and X-FegCy

in ©'-particles.
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Fig. 6-1. Typical decomposition manner of retained austenite.
(420 - 500 K) |

a) Decomposition along y -a(a") interfaces : 450 K.

b) (c) Projection of decomposition of retained austenite.

b) Wedge shape. (c) Rod shape. They are taken at 480 K.

d) The occurrence of decomposition inside the retained

austenite at 500 K.
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Fig. 6-2. Electron micrographs showing decomposition of
retained austenite. (in-situ experiment)
Temperature : 450 K.
(a) Bright field image. (b) Dark field image of 9-FesC.
(c) Electron diffraction pattern at the decomposition.
(d) Its key diagram.
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Fig. 6-3. Electron micrographs showing decomposition of
retained austenite. (in-situ experiment)

Temperature : 450 K.
(a) Bright field image. (b) Dark field image of 6-FesC.
(c) Electron diffraction pattern at the decomposition.

(d) Its key diagram.
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Fig. 6-4 Stereographic projections showing the orientation
relationships between austenite, 6-Fe3C and ferrite.

Fig. 6-5. Lattice image of 6-Fe3C at the tip of decomposition

of retained austenite.
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Fig. 6-6. Change in clectron diffraction pattern of 6-FezC.

(1) At the tip of decomposed arca. (2) On the spine of 6-FezC.

(3) Inside the decomposed arca.
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Table 6-1. Comparison of lattice matching between
6-Fe3C and y in the relations of (6-4) - (6-6).

Yy: a=3.623 A, 6:a= 4.525,b=5.090, c=6.744 A.

[ ] ] (‘jj
Y (A) 0 (A) de
dog2 = 1.281 dOZO =2.545 1.986

dy31=1.092 dooe = 1.124 1.029

) ] e (6—-4)
dgge = 0.386 d200=2.262 0']7](W)
dpgp = 1.281 doog =1.124 1.140 e (6-5)
dOZO =1.812 dogg = 2.262 0.801
d =1,479 d =1.124 1.316
121 006 (66

d111=2.090 | dogp=2.262 | 0.924

growth of
6-FesC on the

o~ ¥ interface

co-operatively
transform from
Fto

(b)

Fig. 6-T7. Schematic illustrations showing decomposition of retained
austenite with spine of 6-FejC and wedge shape ferrite.
(a) 6-Fe3C particles nucleate on y-a interface

(b) The region of 100-200 A around the interface co-operatively
transforms from y to a.

(c) Inside oy e—Fe3C particles grow and change to 8'-particles.
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Fig. 6-8. Electron micrograph showing formation of stacking
faults in retained austenite aged at 450 K for 10 days.
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Fig. 7-2. Bright field images showing the change in shape of
carbides between before (upper) and after (left) in-situ

heating experiment. (a) taken at 420 K, (b) at 690 K.
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Fig. 7-3. A series of in-situ electron micrographs and electron

diffraction patterns showing the formation and growth of
6-Fe;C particles at the grain boundary. Beam // [120]9.
(a) and (a') taken at 550 K. (b) 600 K,51 min.

(c) 630 K,16 min. (d) 030 K,53 min. (e),(e') and
(e") 690 K,43min. The dark field image (e') was taken with

the reflections encircles in (e'). Detailes : see text.
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‘Fig. 7-4. A series of im-situ dark field electron micrographs and
~ diffraction patterns showing the formation and growth of

O-particles inside thematrix grain. Becam A’[IOO]e.
(a) and (a') taken at 550 K. All the dark field images were
taken with reflections encircled in (a'). (b) 600 K,43 min.
(¢) 650 K, 10 min. (d) 700 X, 9 min. (e) and (e') 700 K, 62 min.
(f) 740 K, 12 min. (g) and (g') 740 K, 47 min. (h) and (h")
870 K, 24 min. Detailes : see text.
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7-5. A series of in-situ electron micrographs showing the matrix
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recovery, {(a) 550 K, %35 min. (b) 700 K, 24 min. (c) 700 K, 71 min.

(d) 790 K, 35 min. The images 6f dislocations come to be
observed in (b). Rearrangements of dislocations are also

observed in (d).
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High resolution electron micrograph of G—FésC observed

Fig. 7-6.

Right hand side is a-iron region.

along [100]g direction.

Two dislocations are observed at the tip of the arrows.
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-7. Computer simulated images of electron micrograph of

Fig. 7

direction.
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Af : defocus value.

Beam incidence is along

—Fe3C crystal.

0

Other electrical

specimen thickness.

Z

parameters of the electron microscope used for simulations

are listed in 2-4-3.
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at the specimen edge. Incident beam direction is almost along

[100]g.

[100]g direction but slightly inclined from

AvH indicate planar defects.
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1.0nm

Fig. 7-9. Highly magnified structure image arround the area containing
the defects D and E. A possible projected structure is shown
at the part. The open and solid circles are iron atoms at the

different hight. Carbon atoms are not shown.
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1.0nm

Fig. 7-10. Highly magnified structure image around the area containing

the defects F and ll. An expected structure is shown in Fig. 7-11.

o o

;Fig. 7-11. A possible projected structure corresponding to Fig. 7-10. Open

- and solid circles are iron atos different in height. The arrows
indicate (?Il)a iron atom planes introduced in place of one triangle
prism layer. The rectangle shown by the dotted lines represent the
unit cell projected along the [011], direction. The junction layer

between the 0-FesC regions P and Q are out lined by chained lines,

in which the dotted circles representing iron atoms are different

in height from the open and solid circles. Carbon atoms are not shown.
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Fig. 7- 12. Schematic illustration of the formation and growth of
0-FezC particles with temperayure rise at the grain boundary

and inside the grain.
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Crystal Pbrm

(100)
Pro;ectuon

Fig. 8-1. Crystal belonging to the space group Fbwn, its (100)
projection with the two dimensional space group pgm, and
its electron diffraction pattern. In the diffraction pattern
the solid circles represent the normal reflection spots,
the open circles with + or - sign are the normal reflection
spots but are different in the sign of crystal structure factor,
and the marks X represent the forbidden spots. The angles
a7 and g are the tilt angle of the incident beam from the

[100] direction.
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009nm

Fig. 8-3. The (100) projection of the structure of 6-FezC.
Large circles : iron atoms. Small circles : carbon atoms.
Asterisks shown in the unit cell correspond to the white

dot posditions in the image of Fig. 8-9.

10°

Tow
3

10 20 30 40 slice -
s 9 136 181 A
Thickness
Fig. 8-4, Change in the intensities of transmission and

some typical reflections with the specimen thickness.
They are 002,020 and 021 reflection. Both of absorption

and beam tilt from the zone axis are not taken into account.
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10°} a 10° b
10°f *
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< & | 3
‘§ 10;_ 020 —
002 R —
020
‘0‘3-
@ ‘0'4 1 g N
; 0 01 0.2 0.3 0 01 0.2 03
a(°) ay( )

Fig. 8-5. Calculated intensities of some reflections as a function

of tilt angle a7 for the case of oy =0. (a) Crystal thickness

o

7=67.5 A (before extinction of transmission wave). (b) Z =153

(after extinction of 000 wave).

1 o—' 021

g

= _:
S 0E 02

1 . 1

0.1 0.2 0 0.1 0.2
ad °) : Ol( °)

Fig. 8-6 Calculated intensitics of some reflections as a function
of tilt angle oj for the case of a; =0.1°.
Crystal thickness Z =153 A.
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(a)

Fig. 8-7. Change in the simulated image as a function of the tilt
angle a; for the case of ax =0 and crystal thickness Z =153 A.
(a) 07 =0.0°, (b) 0.05°, (c) 0.1°, (d) 0.15°, (e) 0.2° and
(f) 0.3°. |

T

Fig, 8-8. Change in the simulated image as a functionubf the tilt
angle oy for the case of oy =0.1° and crystal thickness
Z=153 A. (a) o, =0.0°, (b) 0.05°, (c) 0.1°, (d) 0.15,

(e) 0.2° and (f) 0.25°. '




146

ezC taken by

F

lligh resolution electron micregraph of 0

Fig. 8-9.

100] direction.

.

Incident beam direction is almost

.

200 KV [IREM

.

Unit cell is indicated




(47

8-5 # %

8—3, 8—4RLAEIMBEDHERVHBER L BB BLOMKICLD . DH

CRE . S ETERAMFEITASELTWTL, 150 AREOREITIIZ K
*&M%kib\%ﬁﬁ%ﬁuﬁ%mﬁﬁﬁmﬁﬁtHEF@%F%%OI5t n. %
LT 7SN REEEIIEICEHZ 5252 PBo Loz, 20K D LEEHIRS
HOMBIE LT — B BB OTRIEH A S < | B STV A % b BKinematical %
BZAR D L ORENEAD L ST LAY EHTH S, EHIAT BRI BT s
HERFSALEBOELIEEEICE>TAHEL S, 2100 2 B EAH < Zo WV il
Tk, ek ilap, ap ELFELTL., EE,rSEH LIcLboNZ LS &E+07%E
27 53 BEIRSOMEIRE.,  EIREIER<S LD . L ZOBENHAIERHIZ
o THHOT . EIFEEOZE LI E0FSIIMELHEEHL . TRICHEWETIRMOME
W AN AT LS Ih s, IHICIHEHTEDBIEICEWE WO RHEPLEE LM
A< 7> TVWE D E I POEHED 1 DI EBROMRSBEF LR S,  Ehk
90 AMSETZOMEMIL A L BICL LW, ZORDITANXE—IZEIEICHE > TW5
DT, Z TR EOBEIZP L D AEWIFTH S,  Fig. 8-5(a), (b)IZEBHK
DRSS L BBES—EEE L ERONRERBTH D . BiE TR0l KHPITL A EHE
RELVWOIRHL . & TR LHEZFE->TWE,  ZOZ LENRHEADEE
BEBEDEBEOHIC. ZMmELTHELTLSZEERLTWS,

ERBTHO AL Y4 MNIERHETER LA, ﬁkﬁ?%%ﬁ@iENOA
JOHOWRBERE2OEATHLWEEZZONS, LAH->T. bFrofmis E
ﬁk%ﬁﬁm#h(_m%ﬁ%mﬁmsﬁﬁg)ft%ﬂﬁ%uﬁﬁ&ﬁgéﬁafﬁn
B LWL E

mkrﬂﬁmﬁiﬁ@kﬁﬁﬁ%%%%%fé (2-18) RlzmT L2

k) = m(n«)ﬁnz—lh A1) AK-tk) - xp{iTxae) ~x (-]

- oup {54 00" G-} 4Gt r-mo- (Csﬂve~'k"“m(‘k"”)}]

THZLNG, SEIASOSE . V(0kL) =V (0k1) TH B bpf (k) TEBEH L E
FHewv, L LETFRASH IS E» S5 L V(0kl) =V (0kl) £ 5709
JE BB LHEOZ Lk b, Jtk) 1E

J )= 3T A () A1) - + oxp{ (k) - X(-16)3)

"GP { M{ (3 /kffk)}} + AP~ (G K- 4F K- (qsk’l/kﬂhrdm(uﬂk)}]

THY . KIEKE LR TEET 20 66 TldZe <Kk oD WT&EHL . ThadenT &
L




4%

:()(—lh) Lﬁ’lblh)ifk(lk)/l K- lz)A(Ik -fp]- LX) - X(IK=1k)] .
- orp - mx‘{ (K-~ 16} ] +exp[-(&2) J (Gl AFA)K-Ak) -Gl - oF A }]

(Ik) .-+ (8-10) : |

Y oT. BREO 7V IER  JKE JERESHEEREROBRICL>TWE I L
s, 0010001 25 K5 558)% 2 HO4 T LFig. 8-1dD cli LI ASESH 535
& 1V (0D | =V OKD) | TH 25 (0kd) = (kD) THZB, ZDXI%RRT
r.d(/k)%.%‘fﬁ*é‘é Y. DEROY (002) 12 L TdsiE. £ BB d (000) 1235 LTt
MEREX%2, CHIZESCIAIITES, BHEODH01,007,002,002 REDEE%
25, %h%h%iﬁifuﬁﬁﬁf L b Bl LESROBERICH L6, &
DADDPTTE L1181 [001] HMIZAcos2z (2z)-Bsin2zzTRBIN S :{kﬁ-ﬁt
b, O02RHDIISIBAREVETRTEZNDT, Fig. 8-10ICIXA>BOSKHFT2oM
EREFHWCHSE, 20DEHEZTERTHELAVAVDETTELZ2O00E—713.
4 COWEIZED 1o —238%mah,. io—2i38lons., TOFE.  Fis.
8-10 FICRT IO EaRELELDL, LHIPLIDGE. cos2n (2z) ksin2nwz DD 5
E—7 DB —RKLTWERrH :/F?XF@%%MW%h%#t I BN
iz &%\,

apk a,DWEHED L o“C{gziﬁEEHéhé BHIPPRMTH S, IITREDp I
WS e <% bl JURNIEZRBICEH S, DX S ABE  Jir)DE001,£002 % HWT
1% ES L. Fig. 8-11 D& Hi% b, Thbb, VAV DFELYA X OHDFHIL
HwiZ9Fh, LerbZo “Fi” OREIE—RLZ2Ww, ZoRETEYAabr—7L
A4 DE—7@3LFTLL—BLLVwWDT, A o —7nfE LT E
ZAHICE— 2 #ELI LIS, Lo THBOL— 7 HEEERBBTIEIZL<%Y.
; ZORBE— 7 MEDpair PRI B, ZOBRTOEARXFig.8-11TIZ. §HEEZ
M Eie s-sicwd,

VRGPS LEDERLEERELETFNHREICLY . ap DR RlFfap b ap B
Bl cHEIEL TV RIBEIC . BRI Z2OBICEY DL 5 P8 RIT T o % et
R ZEWTER, 100Kk VOEFHEZAWSHELEABRLHEK RIS, Fig. 7-8
(ZIZ1000kVOEHTIRF I N B@IZBWT L . cli BB B ®E S gD
#BohTws, BEFRZHWCHE. AFlEBiDpairfbb Wi L) “N" DFEDHEDL
SHroFEEFEHAT LGS ESNS, JHIZ001002 G o fthiziEv021 K8, 724
HZ e R OBIEPRGICHES T50THY | Z0LOEBRRIZ—EE#EEZTS. M
MERED FFitinteraction constant Z%/\ MRS T B IO ICERT
5.,  EBEOWIEHEGENL . EBMIIZQhk)=8 —ic V(hK)THEH 6 . kit
M<Zenic<vy,  L7ah->THEDPEORL . w&%&#ﬁhﬁoﬁﬁ ﬁﬁ@fﬁm
W EZZITRITWEEL LS,




3cos4 XX

PSP

\ 35*,.,(2;”01/8)

3sin2wx

Scosd xx

Fig. 8-10. Fig. 8-11.

- One dimensional model calculations of One dimensional modeldcalculations of
the effect of forbidden reflections the effect of forbidden reflections
having proper amplitude. having proper amplitude.

In the case of In the case tho.h,@ (002) and& (001)
" ¢f (002) : pure real number, are complex number.

¢f (001) : pure imaginary number.
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Fig, 9-1. Specific heat - Temperature curve of martensitic steels

and corresponding structural changes during tempering,

Details :

®and @ mean the structural change explained in text.

see text.
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