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Some Studies on the Heat Treatment of Cabon Steel

Yoshio Tokrarro and Takashi Fukur

Abstract

The carbon steel is used for all industrial materials, but theory on the heat treatment of car-

bon steel contains various difficult factor.

In this paper, therefore, study on the wear loss of some quenched carbon steels and some

spherodized carbon steels.
Results obtained are as follows

1. It is plain enough that between wear loss and residual stress exist stress-abrasion limit.

2. Wear loss of spherodized carbon steel is less than normal structure carbon steel.
3. Spherodized pearlite remarkably appear at 680°C from 3 to 5 hour.
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Table 1. Chermical composition & sise of test pieces.
Chemical composition (%) Size
Steel No. ‘ _
C ‘ si | Mn ' P 4 s | cu length | diam
! i
No. 1 0.18 [ 0.20 | 0.45 | 0.016| — | 0.10 25 | 95
No. 2 0.34 | 0.30 | 0.60 | 0.024 | - — 25 | 9.5
No. 3 0.41 | 0.23 | 0.50 | 0.010 . 25 | a5
|
No. 4 0.6¢4 = 0.22 | 0.52 | 0.023| 0.023 — 25 § 9.5
|
No. 5 0.77 | 0.23 | 0.47 i 0.015 | 0.024  — 25 j 16.0
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Table 2. Normalizing temperature heating time
& hardness (Hs).
Steel No. ; No. 1 ‘ No. 2 ! No. 3 i’ No. 4 , No. 5
Normalizing | g9 | g50 | 840 | 830 | 800
temp. (°Q)|
Time (min)] 30| 30| 30| 30| 45
\ :
Hardness  (Hs)} 21.5 | 24.9 | 23.2
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Table 3. Quenching temperature & heating time

of test pieces

Steel No. lNo 1<No 2{No 3’N0A41N0 5

Quenching
temp.

890 | 850 | 840 | 810 | 790

)

Time (min)‘

15 15 | 20 15 30
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Fig. 2. Relation between hardness and tem-
perature of cooling water.
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Fig. 3. Relation between hardness and tem-
perature of cooling oil.
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Fig. 4. Relation between hardness and sphero-
dization heating time at 700°C.
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Fig. 5. Relation between hardness and sphero-
dization heating time at 680°C.

< 30F
-
¢ | w=s=s
€ 0k
) 0—0 WAater
s —® Jime
< 10~ XX air

0 | ] | | 1

0 1 2 3 4 5
Heating Time (hr)

Fig. 6. Relation between hardness and sphero-
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Table 4. Microscopic structures of spherodized test pieces No. I & No. 2.
Heating . Time (hr)
temp. (r}noeczlﬁ(r)lg : \ Steel No.
. Ih 2h | sh | 4h . 5h |
() ‘ | |
water P (GP) P P+ (GP) | PGP | PGP I
700 lime P+ (GP) p P P+ (GP) | P+GP
air P P P+ (GP) | P+ (GP) ; P+GP I
; ¢ No. 1
water P+ (GP) | P+ (GP) | P+GP | P+GP P+ (GP) |
680 lime P+GP | P+GP |P+GP | P+GP |P+GP l
air P+GP | GP+(P) ! P+(GP)  GP Gp
water P (GP) | P+ (GP) | P+GP | P+GP P4 (GP) |
680 lime P--GP P--GP P-- (GP) ‘\ P+(GP) '+ GP | No. 2
air PGP | P+(GP) P+ (GP)| GP = GP |
|
P : pearlite GP : spheroidal pearlite
() :the above statement show the lie-scattered of structure.
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Fig. 10. Relation between hardness and sphero-
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Table 5. Microscopic structures of spherodized test pieces No. 3.

. Time (hr)
Heating temp. Cooling method |
“C) 1h 2h 3h ! 4h 5h
water P+ (Q) P+(Q) P+(Q) Q Q
740 lime P P+S S -+ (P) S S
air P+ (S) P+S P+S S + (P) S
water P P+(Q) Q Q Q
720 lime P P+ (S) P+ (S) P+S S
air P L P (S) P+ (S) S S
water | GP+(P) | GP+(P) | GP+(P) GP GP+P
700 lime ) GP+(P) | GP+ (P) GP GP GP+ (P)
| air | GP+(P) GP GP GP+P GP+ (P)
I
water ' GP+ (P) GP GP GP GP
680 lime GP+ (P) GP GP GP . Gp
air GP+ (P) GP GP GP GP
water GP+ (P) GP+ (P) GP GP-+ (P) GP+(P)
660 lime GP—+ (P) GP+ (P) P+ (GP) GP+P GP+P
air GP+(P) | GP+(P) | PGP GP GP + (P)
a P : pearlite Q: quenicihing structure S : sorbite GP : spheroidal pearlite

() :the above statement show the lie-scattered of structure.
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Fig. 12, Relation between hardness and sphero-

dization heating time at 680°C.
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Table 6. Microscopic structures of spherodized test pieces No. 4.

. Time (hr)
Heating temp. Cooling method
o h h 4h 5h
°C) 1 2h 3 -
water P P+ (GP) P+ (GP) GP+P GP
680 lime P+ (GP) P+ (GP) P+GP GP+P P+ (GP)
air P+ (GP) P+ (GP) P+GP GP+ (P) (P) +GP
water PGP P+GP P+GP | P+GP P+GP
660 lime P+GP P+GP P+GP P+GP P+GP
air P+GP P+ (GP) P+ (GP) P+ (GP) P+ (GP)
P : pearlite GP : spheroidal pearlite
() : the above statement show the lie-scattered of structure.
DRI S, MERE 660°C F 7213 680°C &b Thsb.
(CHBR I IRk — 5 4 MIITIS o 72, FRUER COERE YD, No. | OKBEANTIE, BRI

MBI R TRRMEL 180 T B, 1B MR
660°C o & X OREEL, 680°C OE X PP S
> TWT, AEBRTIIMERE660°C Db DHRHRAL
BFPPHEATHEEEDbNS.

33 FE 4 K R
Table 1 O3 No. 1 5 X8 No. 2 O#EANFTIC
DT, ZORRERUION Fig. 14, 15 5LV 16

BE1%7s { KI5 & & b I B EE L TS L
BB, FEEICNT Y F05H 5O TR BREMISHR
HEET 5.

No. 2 DKHEANTIZ, FEFERIED KELE EEH
HIKIRAMEL BRI E < 50°C (3 T B2
b LB, ThU Lo EHUERRE
BALTOLS, SBERAEINE (125 L HHTRE

50_ \ o
[
—\\/.

=~ 40 ° .
5 O0—0 337m/s
G 30 S—O0 £72m/s
w 72m/s
~J
L 20
g o)
= o
- 10 o
5]
+
L2 o0 1 | ] | ! | | | | |

0 10 20 30 40 50 60 70 80 90 100

Temperature of Cooling Water (°c)

Fig. 14. Relation between total wear loss and temperature of cooling water.
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Fig. 16. Relation between total wear loss and temperature of cooling oil.
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Fig. 18. Relation between total wear loss and temperature of cooling oil.
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Fig. 19. Relation between total wear loss and temperature of cooling water.
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Fig. 21. Relation between total wear loss and temperature of cooling water.
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Fig. 22. Relation between total wear loss and temperature of cooling oil.
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Photo. 1. Microstructure of steel No. 1 heated for 4hr Photé 2. Microstructure of steel No. 3 heated for 3hr
at 680°C and cooled in air. (< 600) at 680°C and cooled in water. (x 600)

g

Photo. 3. Microstructure of steel No. 4 quenched in Photo. 4. Microstructure of steel No. 4 quenched in
oil at 90°C. (< 600) oil at 60°C. (< 600)

R

Photo. 5. Microstructure of steel No. 5 quenched in Photo. 6. Microstructure of steel No. 5 quenched in
oil at 90°C. (% 600) oil at 60°C. (< 600)
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