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Microstructure Change of Steel on Quick Thermal
Cycling (Below Ac; Temperature)

Hiroshi MIura
Iwao HAGIWARA

Abstract

Three kinds of plain carbon steel were used as specimens in this work. The specimens
of solid bars 120 mm in length and 10 mm in diameter were subjected to a repetition
of rapid heating and cooling below Ac, temperature under free and constrained conditions
and microstructure change with the increase of thermal cycles was studied together with
the change of some other properties.

The resutls obtained were as follows:

(1) Disintegration of pearlite into spheroidized structure was advanced by increasing
thermal cycles. Coarse perilite showed a more stable tendency than in fine pearlite.

(2) Stress induced by axial constraint promoted the microstructure change.

(3) The microstructure change by repetition of thethermal cycles was induced more
quickly than in cases in which maximum temperature of the cycle was sustained for a
considerable length of time.

(4) The hardness and length of test specimen decreased with the increase of thermal
cycles, while the notch impact tensile tests indicated the tendency of brittleness in spite
of softening.

(5) These results were discussed in connection with the mechanisms of cementite

migration at thermal cycling.
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Fig. 2. Time-temperature curve of thermal cycle.
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Vo HIHE 1 0 T 300 °Clsec (1 TH B, C DINHGEETD Ac, 1 765°C Th - 12,

2-3. HER, #EMRUORLE
BT O JBRB XU Fig. 3 1ORT O & & 4K 120 mm, 17 10 mm o HR0 L4

ThHb, WEo 25 D F T 5
e\ W\ \\\ - AN
KBFFED B0 7210175 0
{20

~ WA DEREEZIT L B BIE O -
WD EMAEET L EFDFDIT Fig. 3. Dimension of test specimen.
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[ EQ L T | 0.35 0.28 0.72 X 0.018 0.010 14
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3B T EMHRD M, BB & AR ORMEARERD R C SR ARTETH o,
T BT IE S RO B ED IR 5 Bl & SRR Mo I, 1% 0.65 mm
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16~150°C/sec @ JERAMHIPTIE, BB ITHAROE, BRSPSV, ISR
VIR, BRILMOBRMESMEE D=5, SN b RBEmBHoREEInInd
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o A= & = R X OISO LL L S 72 2 O T, FEEE O BRI I3 E 2 0.35 mm

D5 T 30°Clsec fL TH o rc. MBS OBy R~ OB IENAELTHD, Bl
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AL AT E S BRI 690°C @ B HEIZIC DN T i - 70 4, 2 DA O e
ﬁwﬁwx%%,%ME&M3%~%WQ%CT,C@m%ﬂﬂL%@éAQi7%T)Aﬁh
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MTSRHR S — S 4 P EBEL TS, COXDIELTHRIRIAL LIz S— 74 Fid2nbw 5 ER 1k
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IS 3 D BITR BT AT Photo 4 W RTMN TH B, HLIENBEMAZL 2% = 2 -1 Th D
Tx 74 PO LIEINTHS
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A+ & OGO R & EE/CIBIPRBINITERY S v, FHEEO R ¢~ 7 4 b id 50
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Lir L, HE UM OBAICHIET 2 72 54 b QBRI ZNHRE e ikt 2
VEAPEESEREDLNT, HRoS— T4 bR A A4 FEMEELEDL, WHYBLY
NI BITRARITIE o fe KT S0, RO IRk 4 v 2 4 F RS Lot & 0
Ko D Bt LIRIRRETRIRD 2 x v 24 P ELTHESNEN, RikEWS Kbt
BN A v 24 S TRRLDHETT Lc b D873 <, 285 Lk o84 o e-
74PN EBRENREL L, 72 T4 PRANDE A V2 A O HIEZER L GH
DA X O DT, AR BRI X 2 MO L wm Lic it oA L b ik
AT N B, E TSNS U e 05AH O BUIARIE 78 1% U 7 630 o LR & O 2l aus
TR U s ar o IR 2 R 9,
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261% Lo B 2 i UK IE T 690°C o i iy HIsal 2 1178 o 72 55 6 D 100 4 A 7 v i
O UL Photo 5 ICR45H Y TH D, MM EIRTED 100 % 4 7 wi% D4 (Photo 3b) & Ml L
THWS MRS I TIREOE & X DA OE/DBET LTS, CEE0 947 0D
BAOLBETHRUTH O, IS T 2 SO 2 1175 - 2084, BRI b 2 44
BIG N LBDO K S EMHEERELTVAR CEEZRTEDTH S, WP ARG Lkl 2

MBS N BB ACIERIS BN D, HHOBER RIS NNEZ 5N 5 ZNSDNTR
BHFZE L Z AT 2 OIS TR,
B HIC 1kg/mm® OIS & MA IS G O MM A LR MU EIREOB A & 1213 1

UE, GHES 1 kg/mm® OHEREICE A 2 RIS TOUEDL > D THIHEBAKT 5,
3-4. BEHSERELCEASESREORE

B o & 512 690°C O ZUBIM A HO B4 D Ac, i 765°C ThH 2, M Uikl #ic T
I O 7% 650°C & U o ik i # s At ¢ D k% 690°C M4 & LT 2 & KB R
WHNE ot 650°C O B4E 690°C DG L DRSS — T 4 P ORIEMELS, 7254 b
FRAD2 A v 2 A FOHES 690°C DB AICE~THAICDE L, b0 Eid A &Y
100°C LLF o in i HI3g0 ¢ & R SLHT e S S 0 ISTHLAR T b B UM IR e~ 5 4 P RN, —
WHAMET B CEEZRTEDTH B, Ac, X9 30°C LMl o S B % 795°C @ B & o> Lty
A HIA % O SUEE Ac, UT O B4 & 4 RIS D R THOISROR S = 5 4 b HLEk & 75 5 28
B I8 RRAR IR 78 S 10,
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3-5. BEMESHNBEREERBMBLEOBEMBEABOLE
T LA LBk M I gt s FU @ 100 4 4 7 o fREFIFRT D {531 (25 sec X 100) 1241 Y 37 5
45 min, 690°C J ¥ 650°C 1T T Medaf TR BE Tl keI B 2 1778 o o0 MBS KR AIE
PR AU B BSOS SR L Th o7z,
% o0 BT E AL 690°C o4 & 650°C ol & KM TS <
630°C @& O FLREINEE O FkiE Photo 6 [RTIMD TH 5, B W HIRIET O 690
°C @ A Evs JH0E 100 ¥ 4 2 v o 4 (Photo 2 Je 0¥ 3b) S H#9 4 & RIERn#ic

45 min B O R E R g

B ABEMBO -5 4 OB AHENIBG RO AL A TVT, 7274 PR
NDEAVEAFOFHEEBBINSBOBAO)XHhTrire {, kRiRvERo e 4 v &

4 P ELTHED SN, FAEMNE LI = J 4 pE@DonE, Cod o icaudn
B & A B o 2 iz R 0@ B o B a6 L0 2 Th 5
3-6. ZEMBAMULCEBHRANOBEMRHBOSH

iR D & D REIC A L e BRI U - 0 BRI i o0 rhu L IS B 1 B AR
bOER LT, T OREHHIC LRI I YA 708 1004 7 v E WD EBEEA
ERD SN I otz i Lo GEM & M EIRE T 690°C, 144 2 v R 100 9 1 7
BB TN A D AR+ Photo 7 1278 L7z,
s ARE AR R ARIC T A RE LV SO T
TEDMONAKMHOHWAZTWMELTWALELEZLNS

Jlk( iT l\ :

D E & AR EICE

4. FHEITHO2EMN S HIRE

4-1. EAHUERHOBEMSHEBOEL

LT i 72 850°C 247D D MJLFRA 1178 - 7o B4 o [T ML K O et R & T 690°C o Zausl fin 9%

1#%7% Photo 8 {C/R L7z, B 72h b HMFLD £ 3 O Rk K55 4

LTI/ wvosA Yl TH 5 O TEEEICTE MRS O LD Wl o~ 54 T TH 5
B, EGH BB PE D = 5 4 P ORPRIEEIL, AUl o e b, BOBRRICE > TEE L
ToRRN = F 4 P ICRR B BRTICHO 7 2 54 FPRAEDONBE X DK SE, =54 F
JEIRE e Je s THIARAE L TIT S MBE AR O 2 TH D, BAHHOBE 7254 P LOLR
WTBARMICHERT T 2ok U, T TREZ ECAT/N— 54 OISR AR E DA
RN D AP b sl

4-2. FAEUCHEEM OREMNRSNRRIC LI BEHBERGEDOEL

LA 8 2 850°C Hivpy o BALPEAE 1775 o 7o Bi6 O BURURE B T 635 TR TE T 690°C o 2k i 4
flAki3 Photo 9 IR MO TH B, 194 7 v OGS 2

7 B o BRI S 4

Bk €

[ o7

AEELTNC ERHIUFMOE&E L TH L, 5044 70, 100 44 7 v & R, < —
SAMDOWMBICEE 7274 FOWIDBHEHLNTIE B, =54 FOREEEHE D 4b
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NN &2 LG &R 200TH D, C OBHIHNE LOdiu s R I L TR
WIEHIHE AR O D EEZ SND, = T4 P ORNF R MO Lt oa L
il Ui <d %,
4-3. BEHBHEBELCEXBEH0%
ey U e M 7% 1 d0RE C 690°C o Zudtin By MU A 1718 - o i, 100 3 4 7 v il
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Photo. 1. Original structure (as heat treated).
Specimen : 0.35% C steel, 850°C A.C. x500

c. 100 cycles. f. 800 cycles.

Photo. 2. Specimen: 0.35% C steel, 850°C A.C., 690°C, no load. x500
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a. Original structure.

b. 100 cycles.
Photo. 3. Specimen: 0.35% C steel 850°C A.C., 690°C, no load. %1250

id T < L% 3 T
a. Original structure. ¢. 50 cycles.

Vg

A

b. 1 cycle. d. 100 cycles.

Photo. 4. Specimen: 0.35% C steel, 850°C F.C., 690C° no load. Nital etch. X500
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Photo. 5. Specimen: 0.35% C steel,
850°C A.C., 690°C, constraint. 100
cycles.  x125)
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a. X500

b. x1250
Photo. 6. Specimen : 0.35% C steel, 850°C A.C., 690°C X 45min. kezping. 1 cycle.
Heating and cooling are same as other thermal cyeling.

(a) 100 cycles, 0.5 mm from surface.

(b) 100 cycles, center.
Photo. 7. Specimen: 0.35% C steel, 850°C A.C., 690°C, no load. x500
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A

b. 50 cycles.

Original structure.

a.

100 cycles.

C.

X500

Specimen : 0.85% C steel, 850°C A.C., 690°C, no load.

Photo. 8.

b. 50 cycles.

Original structure.

a.

100 cycles.
Specimen : 0.58% C steel, 850°C F.C., 690°C, no load.

C.

X 500

Photo. 9.
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a. No load. b. Constraint.
Photo. 10. Specimen : 0.85% C steel, 850°C F.C., 690°C, 100 cycles. x1250
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b. 50 cycles.

Photo. 11. Specimen: 0.94% C steel, 850°C F.C., 690°C, no load. X500
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Specimen : 0.94% C steel,

850°C F.C., 690°C, constraint. 100
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X 500

cycles.

Specimen : 0.94% C steel,

850°C F.C., 650°C 1hr. F.C., 1 cycle.

Photo. 13.
x 500




