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Abstract

Improvement of Strength in High Strength Steels by
Modifying Microstructure

By Choi Yoon-Gil

Advisor : Prof. Jang Woo-Yang Ph. D.

Dept. of Advanced Parts and Materials Engineering
Graduate School of Chosun University

Effects of coiling temperature, alloying elements zZe, C and Cr, and annealing
conditions on the spheroidization of cementite have been examined in high
strength  Fe-(0~1.45%)Cr-(0.38~0.43%)C  steels. In addition, resultant
microstructure and mechanical property of those steels after austenitizing and
quenching were investigated in connection with the spheroidization of cementite.

The results obtained are as follows:

(1) Spheroidization of cementite of the hot-rolled sheet depended upon coiling
temperature; lamellar cementite in coarser pearlite colony was observed by
raising coiling temperature but globular cementite was shown by lowering
coiling temperature.

(2) Lamellar cementite was sperodized by annealing above 6407 x10hr but the
rate of spheroidization became lower with increasing Cr contents, though same
annealing condition.

(3) Banded structure was revealed owing to dendrite segregation in the sheet
annealed above 6407C xbhr and thed quenched at 900C x5min. The unfavorable
structure leaded to the mixture of lath martensite and lower bainite due to

inhomogeneity of solute atoms even at same cooling rate.

_v_



(4) Comparing Vickers hardness values of the cold-rolled sheet after
annealing and quenching with alloying elements(C or Cr), Vickers hardness
values largely increased with increasing C content but those values were not
altered even though Cr content increased.

(5) When cold-rolled Fe-0.43%C-1.45%Cr alloy sheet was annealed at 640C
xbhr and then quenched at 9007 xb5min, the maximum hardness of HV=740 was

obtained while the microstructure revealed lath martensite and insoluble carbide.
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Fig. 2. 10. Crystal structures; (a) austenite, (b) ferrite and (c) martensite™.
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Fig. 2. 16. Diagram illustrating both deformations required for formation of

martensite phase; (a) lattice deformation, (b) slip type and (¢) twin type™ =
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Fig. 2. 17. Morphology and crystallography of a’ (bcc or bet) martensite in
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ferrous alloys™.
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3. 1. A ¥

ATl A AR & Table 3. 13 20o] Fe-(0.38~0.43%)C-(0~1.45%)Cr
]

oA 1200Co A 1Az 9388 & 900CAAN dmmFAZ S04 As g2 50

~60% WrgAste] HFF77F 2mme FABAE o] gaodTh ol WARA
of alrd= Co F= 038~043%, Crol & 0~145%%2 wWstAl#A ojd el uf
2 "deolE9 FAs, eiEYolES 3 gy EAe A= C 3 Cr 9%E
ZAFsE o o

Table 3. 1. Chemical composition of the alloys used in this study(wt.%)

No. C Si Mn Cr B
103 0.378 0.20 1.0 0 0.0018
104 0.377 0.20 1.0 0.94 0.0016
Cr
105 0.380 0.20 1.0 1.46 0.0015
106 0.378 0.21 1.0 1.95 0.0015
108 0.381 0.20 1.0 1.48 0.0017
109 0.341 0.20 1.0 1.45 0.0015
¢ 110 0.394 0.20 1.0 1.44 0.0016
111 0.426 0.21 1.0 1.45 0.0018
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FAL A A A 1] Z (FESEM: Field Emission Scanning Electron Microscope)< ©] &

sto] s, @3t=el A7) ¥ 2E 55 A oH FeelAd = 5 fINd =

2

AGd AAAY e dEsA. EAgd AlHS Table 3. 29 22 A&

= o]&ste] dafdnt g & Nital(2%) o= A5kt

Table 3. 2. Chemical composition of electrolytic polishing(ml)*
Chemical composition (ml)
Perchloric acid 54
Ethanol 800
Water 146
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(a) (b)

(c) (d)

Fig. 4. 1. FESEM images of hot-rolled steels with coiling temperature;
(a) 6807C, (b) 5807C, (¢) 450C and (d) 300C.
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(a) (b)

(c) (d)

Fig. 4. 3. Optical micrographs of Fe-1.43%Cr-0.34%C alloy quenched at 910C for
10min with coiling temperature; (a) 630°C, (b) 530C, (c) 450C and (d) 300 C.
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(a) (b)

(c) (d)

Fig. 4. 4. FESEM image of cold-rolling steels with Cr contents; (a) 0%Cr, (b)
0.94%Cr, (c) 1.46%Cr and (d) 1.95%Cr.
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(a) (b)

(c) (d)

Fig. 4. 6. FESEM image of cold-rolling steels with C contents; (a) 0.38%C, (b)
0.34%C, (c) 0.39%C and (d) 0.43%C.
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(b)

(c) (d)

Fig. 4. 7. Optical micrographs of Fe-X%Cr-0.38%C steel after annealing at
640°C x10hr; (a) X=0, (b) X=0.94, (¢) X=1.46 and (d) X=1.95.

_54_



(a) (b)

(c) (d)

Fig. 4. 8. Optical micrographs of Fe-X%Cr-0.38%C steel after annealing at
720C x10hr; (a) X=0, (b) X=0.94, (¢) X=1.46 and (d) X=1.95.
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(a) (b)

(c) (d)

Fig. 4. 9. Optical micrographs of Fe-1.45%Cr-X%C steel after annealing at
640°C x10hr; (a) X=0.38, (b) X=0.34, (¢) X=0.39 and (d) X=0.43.
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(b)

(c) (d)

Fig. 4. 10. Optical micrographs of Fe-1.45%Cr-X%C steel after annealing at
720°Cx10hr; (a) X=0.38, (b) X=0.34, (¢) X=0.39 and (d) X=0.43.
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Fig. 4. 12. X-ray diffraction patterns of Fe-1.45%Cr-0.43%C steels
annealed at 640C.
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Fig. 4. 14. Size and shape distribution of carbides of the Fe-X%Cr-0.38%C

steel with Cr contents after annealing at 640C x10hr.
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(b)

(c)

(d)

Fig. 4. 16. Optical micrographs of Fe-(0~0.95%)Cr-0.38C steels annealed at
640C with austenitizing temperature; (a) Fe-0.38%C, (b) Fe-0.94%Cr-0.38%C,
(c) Fe-1.46%Cr-0.38%C and (d) Fe-1.95%Cr-0.38%C.
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(a)

(b)

(c)

(d)

Fig. 4. 17. Optical micrographs of Fe-(0~0.95%)Cr-0.38%C steels annealed at
720°C with austenitizing temperature; (a) Fe-0.38%C, (b) Fe-0.94%Cr-0.38%C,
(c) Fe-1.46%Cr-0.38%C and (d) Fe-1.95%Cr-0.38%C.
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Fig. 4. 18 Optical micrographs of Fe-1.45%Cr-X%C steels annealed at 640C
with austenitizing temperature; (a) Fe-1.48%Cr-0.32%C, (b) Fe-1.45%Cr-0.34%C,
(c) Fe-1.44%Cr-0.39%C and (d) Fe-1.45%Cr-0.43%C.
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Fig. 4. 19. Optical micrographs of Fe-1.45%Cr-X%C steels annealed at 720C
with austenitizing temperature; (a) Fe-1.48%Cr-0.32%C, (b) Fe-1.45%Cr-0.34%C,
(c) Fe-1.44%Cr-0.39%C and (d) Fe-1.45%Cr-0.43%C.
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Fig. 4. 20. AFM images of bainite sheath.
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Fig. 4. 23. FESEM micrographs of Fe-X%Cr-0.38%C steels annealed at 640C
x10hr and then austenitized at 900°C xbmin; (a) Fe-0.38%C, (b) Fe-0.94%Cr-0.38%C,
(c) Fe-1.46%Cr-0.38%C and (d) Fe-1.95%Cr-0.38%C.
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Fig. 4. 24. FESEM micrographs of Fe-1.48%Cr-(0.32~0.43%)C steels annealed
at 720Cx10hr and then austenitized at 900C x5min; (a) Fe-0.38%C, (b)
Fe-0.94%Cr-0.38%C, (¢) Fe-1.46%Cr-0.38%C and (d) Fe-1.95%Cr-0.38%C.
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Fig. 4. 25. TEM micrographs of Fe-1.45%Cr-0.34%C steels annealed at
640C x10hr and then austenitized at 900 C x5min.
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Fig. 4. 26. TEM micrographs of Fe-1.45%Cr-0.43%C steels annealed at
640°C x10hr and then austenitized at 900C x5min.
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Fig. 4. 27. TEM micrographs and EDS analysis result of martensite and

carbide.
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Fig. 4. 28. Change in Vickers hardness value of Fe-(0~0.95%)Cr-0.38%C
steels annealed at 640C and quenched at 900C with Cr contents.
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Fig. 4. 29. Change in Vickers hardness value of Fe-(0~0.95%)Cr-0.38%C
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steels annealed at 720C and quenched at 900C with Cr contents.
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Fig. 4. 30. Change in vickers hardness value of Fe-1.45%Cr-(0.38~0.43%)C
steels annealed at 640C and quenched at 900C with Cr contents.
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Fig. 4. 31. Change in vickers hardness value of Fe-1.45%Cr-(0.38~0.43%)C
steels annealed at 720C and quenched at 900C with Cr contents.
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