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ABSTRACT

Effect of Cryogenic Treatment on Microstructure and Wear

Resistance 1n Fe-Cr-C based Alloys

By Won, Sung-Muk
Advisor : Jang, Woo-Yang Ph.D.
Dept. of Advanced parts & Materials Engineering

Graduate School of Chosun University

Effects of austenitizing, cryogenic treatment and tempering conditions on the
microstructure and mechanical properties have been studied in a commercial STD 11

steel. The results obtained are as follows;

(1) The volume fraction of eutectoid carbides decreased while the size of
those becames fine in matrix with extending austenitizing time because of

re-solutionizing of eutectoid carbides.

(2) Hardness values showed a tendency to decrease with extending
austenitizing time; HRC = 609 in a specimen austenitized at 1030C for 20 min

but HRC = 59.3 and HRC = 58.7 at 1030C for 40 and 60min, respectivily.

(3) Finer carbides in size of 10nm or less could be observed by cryogenic
treatment at -196C after austenitizing, and those carbides were spheroidized
and well dispersed with extending cryogenic treatment time. Tetragonality of a

" martensite also decreased by cryogenic treatment.

(4) The o maretensite was transformed into tempered martensite in which ¢

carbides were precipitated, but primary carbides had no change even by higher

_iX_



tempering temperature.

(5) Wear resistance of STD 11 steel was significantly improved due to
modified microstructue ie., fine and uniform n carbides introduce by cryogenic

treatment.
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Fig. 2. 4. Microstructures illustrating the formation of austenite from a structure of

pearlite and primary ferrite®” .
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Fig. 2. 5. Microstructures illustrating the formation of austenite from a structure of

primary iron carbide and pearliteZ7).
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Spheroidized s
microstructure (0. C)

S (C)
austenitized 15 s austenitized 60 s
at 1550°F, quenched at 1375°F, quenched

Fig. 2. 6. Microstructures illustrating the formation of austenite from a structure of

spheroidized carbides in ferrite™ .
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Fig. 2. 8. Microstructures illustrating the formation of austenite from a structure of

spheroidized carbide in ferrite™ .
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Fig. 2. 9. Microstructures illustrating the formation of austenite from a structure of

spheroidized carbides in ferrite™ .
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Fig. 3. 1. Vertical tube furnace for austenitizing.
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Electrolyte
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W = Bb*/8r 3.1

W: amount of weight loss(mg)
B: Thickness of wear disc(= 3mm)

b: Width of wear trace

r: Radius of wear disc

Fig. 3. 4. High speed universal wear tester.
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Fig. 4. 3. Vertical tube furnace for austenitizing.

Table 4. 1.

Autenitizing temperature and time

Austenitizing

Super sub-zero

Tempering

AAA20 | 1030C x 20min - -
AAA40 | 1030C x 40min - -
AAA60 | 1030C x 60min - -
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100T <30 min

Fig. 4. 4. Austenitizing tratment processing.
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v

/E/* structure factor times its complex conjugate
p: multiplicity factor of the reflection

LP: Lorentz—Polarezation Factor

T: Debye-Waller or temperature factor

v: volume of the unit cell

9] 4.32 4 /R & FERATAAES T, AATAA | o] JFS vt 1
2il pv HTEE sty o #2 A" #k =
AFEE = el (200), (220), (2119 UdFE #= .
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o4 HEAE} o] g& T3] f% AAES YERA Aot

Table 4. 2 Theosutical intensity of (200)a', (211)a', (200)y, and (220)y.

hkl © | sinO/A| f /E/* LP P T R
(200)a’ 32.12625 0.34489 15.218 926.3501 4963403 6 0.919014 45.70958
211 40.7909 0.423698 13.133 639.9028 3.161048 24 0.880329 83.07199
(200)¥ 25.2299% 0.276446 17.422 4856.417 855011 6 0.947186 108.4075
(220)y 37.4523 0.394384 14.004 3137.792 3.637509 12 0.895447 56.34226
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Fig. 4. 5. Change in microstructure on austenitizing time.; (a) 1030C x 20min, (b)
1030C x 40min ¥ (c¢) 1030°C x 60min.
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Fig. 4. 6. Change in phase on austenitizing time. ; (a) 1030C x 20min, (b) 1030C x
40min % (¢) 1030°C x 60min.
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Table 4. 3. Cryogenic treatment of temperature and time.
Austenitizing Super sub-zero Tempering

-196 C x 480min

AS480R | 1030C x 40min
AS960R | 1030C x 40min -196 C x 960min -
AS1440R| 1030C x 40min | -196C x 1440min -
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Fig. 4. 9. Cryogenic treatment processing..
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Fig. 4. 10. Microstructure in OM on cryogenic treatment time; (a) AS480R, (b)
AS960R, (c) AS1440R.
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Fig. 4. 11. Microstructure in FESEM on cryogenic treatment time; (a) AS480R, (b)
AS960R, (¢) AS1440R.
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Fig. 4. 12. X-ray analysis on cryogenic treatment time; (a) ASAR0R, (b) AS960R,
(c) AS1440R.
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Fig. 4. 14 Change in Hardness on cryogenic treatment time.
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Fig. 4. 15. FESEM microstructure on cryogenic tratment time; (a) AS480R, (b)
AS960R, (c) AS1440R.
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Fig. 4. 16. Horizontal tube furnace for tempering.

Table. 4. 4. Q-S-T heat treatment temperature and time.

Austenitizing Super sub-zero Tempering
AST30 1030C x 40min -196'C x 600min 550C x 30min
ASTo60 1030C x 40min -196°C x 600min 550C x 60min
ASTI0 1030C x 40min -196'C x 600min 550C x 90min

_59_




Tempe

100T X30 min

Oil Quenching

Fig. 4. 17 Q-S-T heat treatment processing.
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Fig. 4. 18. Change in microstructure on Q-S-T treatment time(OM); (a) QST30,
(b) QSTE0, (c) QST
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Fig. 4. 19. Change in microstructure on Q-S-T treatment time(FESEM); (a)
QST30, (b) QSTE0, (c) QSTO.
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Fig. 4. 20 Change in phase on Q-S-T treatment time; (a) QST30, (b) QST60, (c)

QST.

_64_



54.00 7

53.00 1

52.00 1

HRC

51.00

50.00 1

49.00

30

60
Tempering time (min)

20

Fig. 4. 21.

Change in Hardness on Q-S-T treatment time

_65_




A 44 actole el og iy Wt

Table 4. 5 Wear specimen heat history

Austenitizing Super sub-zero Tempering
AT 1030C x 40min - 550C x 60min
AS480T 1030C x 40min -196C x 8hr 550C x 60min
AS960T 1030C x 40min -196C x 16hr 550C x 60min
AS1440T | 1030C x 40min -196C x 24hr 550C x 60min
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Fig. 4. 22 Image in wear on cryogenic treatment; (a) AT, (h) AS480T, (c)
AS90T # (d) AS1440T.
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