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ling (about 100°C/hr)

a : Slow cool
d : water quenching

b : Slow cooling until 720°C and water quenching ¢ : Air cooling

<o}

e : Slow cooling until 830°C and holding 20 min and water quenching

Photo. 2 Microstructure of the austenite grain at the each kind of cooling condition after carburizing,

925°C x 6 hr. x100(2/3)

Table 2, Chemical composition of specimen (9%).
Grade No.| C Si | Mn| Cr ‘ Mo | Al
SCr 22 1 [ 0-221 0-24| 0-70| 1-05] — |0°022

2 | 0-22/ 0-30] 0-74| 1-07) — |0-047
3 |0-22,0-29 0-72{ 1-01] — |0-042
SN2 | 1 |0 17 0-93] 0- A9 I'OQ\ 0'23]0'032
2 | 0-16| 0-26| 0-75| i-05 0-250-032
3 | 0-16] 0-28] 0-73| 1-02) 0-24,0-032
T T
- ~—= SCM 2l
nYe ~-=SCr 22
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o] b c d e
Coaling condition ofter corburizing
a : Slow cooling (about 100°/hr)
b : Slow cooling until 720°C and water quenching
¢ ! Air cooling
d : Water quenching
e : Siow ccoling uniil 830°C and holding 20min and
water quenching
Fig. 2. Relation between the austenite grain size
and cooling condition after carburizing,
925°C % 6hr.
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Effect of Chemical Composition on the Ten-
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Table 1. Chemical composition of materials tested. (wt %)
Steel| C Si | Mn P ) Ni Cr | Mo A% FAl 2N Remarks

1 0-19 | 0°29 { 0°35 | 0-013/ 0°010 3-05 | 1°89 { 0-42 | 0-12 | 0-008 { 0-0135 | Standard

2 1019 1034|040 | 0013 0°008 3-06 | 410 | 0-43 | 0-12 | 0-008 | 00175 | Higher Cr

3 ,019/0-28 0360013 0010 3-05| 006 | 0-41 | 0-20| 0-010 | 00131 | None Cr. Higher V
4 0-29 | 0°27 | 0-39 O‘OISE 0'010‘ 3:0211-84 041 {0-12] 0°009 | 0:0122 | Higher C

5 019 | 0-28 | 037 0‘0124 0-008 3-0510-55|0-41 | 0-10| 0-009 | 0-0121 | Lower Cr

6 0-19 | 0-28 [ 0-36 0'013| 0'013' 305|006 041 | 0°10| 0°007 | 0:0110 | None Cr

7 0-19 | 0:27 | 0-35 | 0-012' 0-010, 3-03 | 1-89 | 0-05 | 012 | 0:007 | 0:0125 | None Mo

8 10°20]0°29|0:35|0-014/ 0-014; 3-10 | 1-85 | 0-42 | tr. 0-002 | 00133 | None V

9 t 0:09 | 0-27 | 0-36 0'012! 0-011 3-05 | 1-88 | 0-41 |.0°11 | 0-007 | 0-0124 | Lower C
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AN oZEB o2t dEBShTw5. —F Kuta b . The e
COHEND, 35 X ¢ WEBSTER ) ALLENDO RS CTrEiH K () (2) (3
RN ARORT &L TERL) 0FH 2 ETEE hTtw Nl N2 N N3 N3 s Avstenitic erain o
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Z’E%fg’tgﬁf l’i;h; szizii’éﬁﬁ%zzi obtained at each process (ASTMNo).
PEEHALCLRAITEOEEERELYE Tl B .
Ciz Table | 1213 Al 35X NGB ERL THH75, B Fig. 1. Austenitizing processes.
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Order of austenitizing™

Fig. 2. Changes of austenitic grain size with progress of

austenitizing processes.
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- SE SR L R X4, HEEIC X 2T ASTMNo. %3k AT B, Hlho{o¥ Ry iRk (Steel No. 1)
; B, L OETHRLTH S, 1250°C g o1 U o 900°C
) 3. SBRBRESUILEER mEc 3w (Fig. 3 a), C, VEDOEWIHILOLMHK
f Fig. 210 &4 — A7+ 4 MERIBIC & b 70> BRHE  Mtsscy, C, MoBEHFZEb>THHHEILEE LA
DEETRT. MEZELORRE? S IBORBRMIEOE YeooTwiwv. —H2EBH® 900°C LBITHNT
v D3 - TEHETE 5. 13 (Fig. 3b), 4T LLFEIHELLIT, GHEDH
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) A o c AN |
F—7B: Steel 5~7. 50°C /hr OmEEEIC LD 2 1 - Mo o 1N\
2ED 900°C /EOS L, BLDORBTRIRELKN 2 4 e A Aol — =) x—
M EE(En, 2EATHLACHMS ST 5. Mt & il
- FEOEHRLICRLLO 900°C nBTHFCRDL
' 5. € ° N Mo (b): Ns—N,
Za-— =0 2 Steel R2: ¥ 7R 9. 50°C /hr o hingh R EE T 4 = ~!;/ i i
W r B 900°C MIETIEA OEEMD X5 REMILAS 5 3| T |
ZBH, MEGEEOY BT E /X<, &I Steel 35 ~ | i
R s = - 2 O
YOEABELWTEEIED LRIV, g v’ \q, l cr
Table 2 34 S0 B o BEaMpMboEsy (g [ \‘K\~
N BIMLE L2 T) %, ASTM No. OETRLEZS DT 0 <Y
b5, WHLEOKPNMNZI2TERD S /v — 7 O -l |
- BB SIREINTV B, —HREBAEET ETo or or %2 9 PO
2O ?'ﬂ%ﬂ:ﬁ #H5HE, TholtBMNsRs/ N~ Deviation of content from stondard steel (%)
(Fn—71) eRELIIA-TFT (FAr—71) kBl . . "
R, WECHNEO S A - TARBL, BEITIES L Fig. 3. Rel?.tlons_ l?etween amount of austenitic
® BB ICCASEND. CNEILERS Lo grain ref:nmg due to repetition of aus-
. 7 R tenitizing and content of each element.
-
N Table 2. Amount of austenitic grain refining by various austenitizing processes.
.
Due to repetition Due to rapid
- Group | Steel Remarks of auster}i{)izing hel;liiing i Total amount Group
N2-N1 N3-N2 | N2'-N2 | N3'-N3 N3-N1| N3'-N1
1 Standard —0-1 1-1 1-9 1'9 1-0 2-9
~ A 2 Higher Cr 0-1 06 07 13 06 1-9
3 | Nonme Cr. Higher V|  0°3 01 08 22 0-4 2:6 I
v 4 | Higher C 02 —0°1 1-4 2:5 01 26
5 | Lower Cr 0-2 2-4 47 43 | 26 69
v B 6 | None Cr 03 3-0 4-0 2:7 | 33 60
7 None Mo 0:2 | 4-8 50 I 1-8 5-0 6-8 I
G 8 | None V 22 20 14 08 42 50
- 9 Lower C 2:2 1-8 —0-2 0-1 4-0 41
:-L NI, N2, N2', N3, N3' : grain size (cf. Fig. 1)
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Fig. 4. Relations between amount of austenitic
grain refining due to rapid heating and
content of each element.
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