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On the Changes in the Transmission Electron Micrograph
in Low Carbon Steels by Thermal Cycling

Hiroshi Miura

Abstract

The changes in the trnasmission electron micrograph in commercial low carbon steels (0.08
and 0.20% C) by the thermal cycling below Ac; were investigated. Thin foils were taken from
center of solid bar specimen (18 $X130 mm) and the part near the crack by thermal fatigue in
hollow circular cylinder specimen (50.0 ¢ X18.5 ¢ X100 mm). Many dislocation were induced in the
matrix ferrite by thermal cycling. As the number of cycle was increased, cell structures were
formed in the matrix ferrite and in the ferrite of spherodized pearlite colony. Cell structure
was observed in the vicinity of crack by thermal fatigue. The dislocation by thermal cycling
was curved strongly or had a shape of loop type. The size of the cell structure by thermal
cycling was decreased with increasing of number of thermal cycle and contained many disloca-
tions in a cell structure. These are characteristic features of the dislocation and the cell structure
by thermal cycling. It may be considered that carbides in a ferrite may cause the formation

of dislocation and cell structure in the case under cyclic thermal stresses.
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R MBNC L B M EOEALTERFMOZ 5 mEL WO OT, KRFEHMO AT T B
Giklih (EEIMM LT 5) 2R, BRInEC X A BRI O Z L ORTER A B 5 2T
Lid&licblsn, Z-Z0#kdsMHHRNABREI O THET S, ZO®RETIL,
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IL. R B /5 &

BERABHL IR O ELFE 18 mm OBEpRAEE R 3, S10C (008% C, 0.48% Mn) TH 5.
B A BERE (920°C X2 hr, AC) #, H88f (920°CX1hr, FC) L, *OFEMMr 7 =71 r &
JBR A= 4 P XD I BRI L C, BEMBHEORBRA & Ui, BRMAVIH R
(18 ¢ x 130 mm) DRERA # F\ T, HBBEMB— KB FHRTITIe - 7o B 1 27 113 690°C
X4min, WC TH b, HEH, RBRH OMBAEER L OBHEEXFHRYY L IZIER R0 T
MR AET B,

FBTEIEM AL O BEE A O MR X R EME R RRA X 0 L o, HIERUR OB ik
RO EEYTH D, HMEOBEMEA 1T BB 2 KE L5, EECEX 1~2mm
i TREID ) ATl /NERER L T2, B L CTh 2 BEOKIEC/ I B 55
L, 1@Ezl= ) —PHEE, BFHCNIRE BN E L JIBE L, R UCRETHho 1
b AL TEI P05 mm O/NIRAB &35, - OBEEREEESRIAEROT = v
TA7 57 —No. 20l THbh, BHFILNN S AF AL AT § FTHB, KIC PO-H,0,-H,0
3:5:24%) ORGHBE CE ALK 0.1lmm ¥ TIPEHELTT/R 5, S HITHIL® OEEHFE
#: (HCIO,: CH;COOH=1:10) % X 0 ft RBFEEE: (HCIO,: CH;,COOH=1:20) iZ & - T/)M
WRARI OB BRIES 1175 - T, BEXOHRIENEZ AL EEAMAYES X 5105
Diz, Ieks, FEBEO TRYID | BRI X b EERESEELZ T v o &, EX05~5mm
OINPIR AR A AL DR TR & U7c3BA & bab o FiECH#E & U256 oy g+
HIER LS THIS o THERL, ZOTHMHERIC L 5 & 200 ) BIERFBO MR
Bh 52 CREOEXIIH08mm TH- 1z,

ISR O R B OBl 223 s b H L BFRTE o HU-125 8 (& & n 3 8 /F 125
kV) ZTITe o e s, — HRBEFEFEB OB THMES (til RETHT LB
BHEEiEER AT B IR A 100 kKV) ZHv e, M OBZER TR EABEY BV UNEESE
100 kV ¢1775 - 72,
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Photo 1. Electron micrographs, as annealed and after thermal cycling.

(a) as annealed at 920°C for 1 hr, commercial low carbon steel

containing 0.08% C. (b) after 20 cycles. (c) after 400 cycles.

Thermal cycle: 690°C X4 min. water cool. cf: fine spherical

cementite. B: boundary. SB: sub-boudary (2-step replica).
Photo. 11X v 7V » BEMEBKTH A, L7 U H
2740 —EEHGCHRE L0 TH B,

COFEETHL N L 5T, REMAKIEYOMKT
B, 20917V BEOPHT T » T A P TR 4 2
vaA b (ef) RS ENRD, 4001 2L ED T o

F A b AIZEE D B B ANER N T A BB L 2k

X o TEURTRR (SBY Ch b, HH &L

REIFTM 2L TH D, PR 22V 214+ OERT

2094 27 ATHO2, THD, 40051 7L Tiriy

03pTH%L,
Photo. LIZ/R U WIHT 7 = 7 1 T 5 8K
AV EA OB IR REOTERIZLI A7 «
AP OMBAEH R P BENRCZL D7 = F 14+ D
OB TH D,
2. BENBICLIFREBERLEOEI(L Photo 2. Transmission electron micro-
graphs, as annealed specimen same as
Photo. 2 (T EHBOA~F 1 27 251 b photo. 1 (a). (a) pearlite. (b) ferrite.
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~IA 7 2T A PRICEMARD B, ELUSY OWREL 0T CHMOA~F 4 P ar=
—LERUHEKBTHL, b)) X7 =7 1 > OBEEKR TS 0 B HEE <, Kb P
T, Bk AEEIC L b, BESRO MO
EBEM OIS ORFICHTH U - Bl Al i = 4 v o2 A
FEEbhA,

Photo. 3 111 v 4 7 L OB HEBTH S,
LA 7 B2 BO SR OBMORIFEMRE L
Pl To o T B, BMl7R 7B FRIFTC X % HE
ETERD e, OB vV EL T O BRE N
KOO -t 2 21 + & EbR D, F
LT, JEFE S mEaRFEAE L, BEOFRAE
HTHsH, Tihbb, 1vA4 7 L08EMTBIHLT
WHMB A= FIRTH Y, HEHEGERY
WHEL e TwB, D) ICELTHD IO, L —
FIROBEMIZEEDLDTHML L ORH H, EEA
01 BEDOL ~TIROELAHDBND, —HFO
BRGLILEREC 4 v 2 4 F EADR BT E SR L photo 3. Transmission electron mi-

Fe X BRI TEERND, frds, L4 704 crographs of ferrite after 1 cycle.
Thermal cycle and specimen : same
WAL L OERROEAITIIZE A SRDO LR as photo. 1. These foil were taken

7 from a solid bar, 18 ¢x130 mm.
Lo Tz (a) dislocation configuration near

14 7 2 OB AE B L TR L, B boundary (B). (b} very fine dislo-
cation loops.

ALTEEBTH D, BB+ 2R L 5 EBEA
FEDOT 2 T4 PRBERPIWD L BE IR TS OT, Photo. 2 DEAITLBESD - &
i, HOERBRCILE, B3 Imm OO 1 v 1 7 L EOEMID s (BEA
B) ©T, Photo.2 D7 = 51 F OEBEMNLOIIREBRCRKIIBUE I NRE Lk b #
2bhb, 0L, BELLBMLUEN BIOA—~FROEGHENSEREETSZ L1
FA 7 ADBEDOEMOBETHED, FHYIEBUOREL BELABEERDHLILDEEL R
B, LdL, ThoOBMBHEEOBET L T lyv A 7 L CEICHIT 2499 23500 |
55 &5 AmRIEEL RS T,

Photo. 4 (3 20 1 2 A BOMAMMBRETH D, 20 1 7 AT HFEWEBEC X THREL 5
HUKI € A v 24 OFHBREY 1 2 A ST 5, (a) BB« 4 v &1 b (o) L EEfrE 0
BARA R L7 D TH D, W 2 214 L DFEHNILEL OEMIED LN DO T, A
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HEDZ « 54 ML E DTS
BoP R OMEgEAHD R L, = Ok
HR DL DIXER 150~200 A TH 1,
BRI 2 v 2 4+ PR ROMETIHED S
i, TLTC, FORE X LpAREL
F# % (Photo. 2) s kel 4%/1’ 7 1 (Pho-
to. 8) iR B /X tc/ﬁrtﬂ LEINORN)
BT D, BAEZ ATk 4 o a0
M7 D LD THLMIWEST D LILTE
kwﬁ,%@%ﬁ,kﬁé,%i&%
OB NN & 0 Gl ) o0 B g 19 4
5 EEEET 5L, Photo 4 O Wik
DA DILZRLL & B HFEE L 2L 0 L%
ZBNbH, TOCONTIETHEHTE
Mzl a7l s FETH B,

DY L F AR b » RO 1 HITH
B, LL, ZOBETH-THLELLE
MU 728867 & A INE Fe v — TR DR 2R
FELTD, Bk ayv 21 a2 A
TLAHBETIL IR D ORI R 2 FE4E
L, Bk v 2 4 T ERAIC & CHEks
Xht- L5 cBExND,

i A—F A rarn=z—~fEDO7 .
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Photo 4. Transmission electron micrographs,
after 20 cycles. (a) and (b), showing .
relation between dislocation and fine
spherical cementite (cf). (¢) tangled
dislocation near pearlite colony.
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BB L LoRTeT, Mkt 2 v 2 14 OBERIMOBS L 0 BL CPAXL, BHO S
DI SHSHREITL A ~F 4 bam=—bHBEDT . T4 F&DRNC I 7w [l Bt 256k
Lo EOBIENCE > TEROBMARET D 2 LA BRT B L0 THS S, HALTM G
KXné, ~—FA4rae=—Filke v 24 RS LRICWHEROT, am=—
HADO7 54 +0 CHEF I Shick
MEFHL T 2408 Bbns,

MORB L, 100 4 7 il B
EBMORNSHIHIL, 7 =71 MR
iz Photo. 5 1T X 5 70 b LEER T,
Th, IO BB 2oL S
) 78B4 (Photo. 1(c)) CTHEIN L ¥k
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Photo 5. Transmission electron micrograph
K7 BT AR O B RS B LD, showing cell formation after 100 cycles.

SB: cell wall, a kind of sub-boundary.
Photo. 6 i1 200 + 1 7 A #EO MM

BTHBH, @ L BEONIMICE DT PNELF L EE N REBEBL TS &4
FLTWAHLDOTH L, COFRKICHBTAEEL D, BN X 04U ke fiEx
BERB AT A Z Ll b, SHLICHEMA v A REER IR TS 2 LB TH D, HFEHE
B THEINL 7 =74 POMBIER ST BEOIBRICISZL0EELTIV, TL
T, wABEL MR A v 2 A P EDBRI D, BRE v 21 MLV EEOWNERETS
AT ThsreELOND, (b)ik7 =71 PRAOHHv 2 v 21 P {EOEEORELR KL
T DTH O, Ay &4 bDOFEIHE IO RS X DR EL, A BY LT
Wh, CHbOEMIIEBAERO~ 7 a BT, B5IEE AV EL L ET 2 T4 FEO
B AIBYE I iz 2 v & A+ OTERO BB S R L fediZ/ET 24,0 EF 2 bR
B, @ —F4 a2 —RNEOHMMEAKTHD, ~F 17 =74 FCEHOEAN
Hbbhb, —HOBEIL L2 v 2 A POEmMMALREEL, RHAITHRLIEE V€AV E A ML
SR EE L T %, BREINENC X TRAE LB« A v 21 OB L CITHIVE &/
b, CHTO v IEBOBEXRTLEL DY &, BEMBT X 2 0FBEBEHEOZE
O ED 23 5 RERNTH I ENTE S, Tihbb, BENBC L5 THRAEL eisfs C
BT% by 3 AR E 2T, €A v 24 FOFLWHHAEBECH T 2708, =51 Ok
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Photo 6. Transmission electron micrographs, after 200 cycles. (a) new
cell formation in a cell structure. (b) dislocation distribution
near free cementites. (c) dislocation in pearlite colony.

PAERFBLLSEREDRIRIEL e —=F 4 b 2V 21 FBEHT, Lo KREINE—c
I AR IVET D LTS LT E B,

Phote. 7 (1 400 4 1 7 L O HAMMBHTH 5, (@) HHEPWM A BETHY, LDk
EXL2~6,THY, HER (w8 CRFEOXGNARE LD, Tibb, 400 41 271

(19)



412 = W -

Photo 7. Transmission electron micrographs, after 400 cycles.
(a) typical cell structures of thermal cycled specimen.
(b) micrograph in a cell structure. (c) cell structure
in the spherodized pearlite cementites.

BItRBAE SN gL DD TH b, AWMt b) R+ X 5 BBl L7
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BRI B BT L A - LI e A S TH A 5, EIEMENT X 0 Bk R O
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bbb, BEONTEALOBEG O AHEED B IORE A 7 VB OB v VRS 11
— B e A NEO R {7 B MEVLIC LB, TROBEARETCHL L RELD L,
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3. REFIFvIEBEOZEESHEAR
Biih U 7o BRI A 2 35 4 4 480 fin 284
AT S e BT E A BT oM TH
D, ZhbOBFORTCIIBEY 7 5
v 2L B e hs o o, BE L B
& OBRAEBRE T Dl dcin B 2 5
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HE L, Photo 8. Optical micrograph near the crack
by thermal fatigue of commercial plain

Photo. 8 (3 /5 iy rp 42 1 14 T 30 B A carbon steel contaiming 0.20% C. Speci-

(50.0 ¢ X185 ¢x 100 mm) % |8 & 4 men: hollow circular cylinder, 50.0 ¢x
) ¢ h Rt arl 185 ¢ x 100 mm. Thermal cycle: Max
B—kmiR) o n#y {77y, A& temp. = 650°C, Min temp. = 300°C, 200

cycles (X 400).

BB oW AIFL (1859 X100 mm) wHsdk L
TGS 7T 7 ENF B B 0B
O AR L DTH B, HERLTEO
bk S R R, S20C (0.20% C, 0.41%
Mn) ®BE#EH (880°C 1hr AC) THh 5%,
A AR L VERF L 5 Cn ik
L, ABFOBHLMET (PIEFL » 3 mm
DOAE) mm ARSI HEL o, W
AL A A A FTE B 8 S T A H &
1778 5 IR CREME A 1775 o Fop B 1
ORI 12 5TH O, KEERHEE
77y 7 RO NSRBI 7 -

FA VTR AV A4 PR L, R Photo 9. Transmission electron micrograph
near the crack by thermal fatigue after

ﬁ%%ﬂibf:%ﬂﬁ%&‘ﬁ% h, PEMAERRR 300 cycles. specimen and thermal cycle:
B OBEOREBIY LA TH D, same as Photo. 8.

Abhar=—pZPL T35 2 LEBESHBR AEL A EZ T T 52 ERRT L
DEEZLRD,

Photo. 9 X 8% 7 7 » 7 F30 Gmm UN) OMMMAKTH Y, BENMTL D«
BECTILL T w5, IO+ Photo 7 1R L 7= EMGRRERE O LS L RU
T %,

AR D KRR X 0, ERINBOBIETIC X o TEMARAEL, BAMERIEEE O+
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B LSS IR B OWING X D FOREZIBDEL D, A IREEE L OBEMY BT
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WIS CBEI NIz, 20901 2 AL LD 7 = 74 MITZEH - BRGNS B & &
BB 7 IR O AR O3B < BB S hic, T U T, BB X 5 YA
Mk s L OB E OZ LR E & FER RN DS 5 L E 2 b s BRGNS BE S L,
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YR AN

RO AR RCEE LB 2\ e 78 W i de B TR SRR 2 3 L oV bl R T
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