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Continuous Cooling Transformation Characteristics

of Some Low Alloy Steels.

Dr. Ta

Synopsis:
Continuous cooling transformation characteristic
steels which are being used as rotor shaft mat

tsuro KuNiTAKE and Takayasu OKADA

s have been determined. for four grades of
erials. Data on continuous cooling trans-

formation characteristics of these low alloy steels were collected from literatures and were

summarized together with the present result.

Critical cooling rates for the formation of pearlite and bainite were obtained respectively for

] twenty kinds of low alloy steels including four steels in the present paper, and steels were
classified according to the critical cooling rate in consideration of actual cooling rates for

larger mass. These steels have a so-called bainitic hardenability. Remarkably larger diffe—

rences in critical cooling rate among steels were observed in the formation of pearlite rather

than in the formation of bainite. The prediction of the critical cooling rate for the pearlite

formation from the ideal critical diameter calculated by the conventional empirical formula

was difficult for these steels with relatively large
critical cooling rate for the pearlite formation was

alloy contents. The effect of Ni on the
remarkable. In mainly bainitic structures,

s the appearance of bainite was different among steels and this seemed to have a profound in-
fluence on hardness. The structural appearance of bainite was significantly dependent on the

L v' temperature of formation. Addition of Cr lowered
bution of carbides in bainite.
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Table 1. Steels investigated.
» Chemical composition (wt. %)
Designation | Alloy system : AC{EACE‘
C|si|Ma| P | s |Ni|lc MoV
A 9Ni-3Cr 032 ]0°35 (042 | O QSI 0°027| 1°99 | 2°94 | 0*67 , 0°05 742~823
-0*7M e
B . _ ° 0*27 | 0°25 | 0*30 | 0*030 0‘024' 1°98 | 2°92 l 067 ) 0°05 749~837*
C fg.ﬁgo{,m" 0*31 | 0°25 | 0°53 | 0*030| 0°024| 0°09 I 2°87 ’ 0°65 I 0°16 799~86T*
D 3ENI0eMo 6433 | 028 | 0+70 | 07035 0-02¢] 3754 | 010 0756 ] 0°14 |  681~803
* Residual carbide being observed at Acs.
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Fig. 1~4. Continuous cooling transformation diagrams for steels A, B, C and D.
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Photo. 1. Arrested-quenched microstructures
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. Table 2. -Critical cooling time.

' i Critical cooling time, cooling time

Steel Ms | Bs between 800°C and 500°C in sec.
C Ni Cr Mo A\ °C °C Bainite Pearlite
A 0°32 2 3 07 — 309 ! 390 1150 14400
B 0°27 2 3 07 — 339 | 420 535 24000
C 031 — 3 07 | 0°15 356 | 445 105 3600
D 0°33 3°5 — 0*6 0°15 320 i 475 175 >43500
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Table 3. Summary of continuous cooling transformation characteristics of various low alloy steels.

Chemical composition, wt. %
No. Alloy system .
C Si | Mn 1P S Cu Ni | Cr Mo V | Others
1 1Cr-0°25Mo-(0°*1V) Of35 039 | 0°68 | 0016 0°006! 0°10 |<<0O*10|] 1°00] 0°23 | 0°10 —
2 1Ni-0°8Cr-0*5W 0°39 | 0*32 | 0°90.{ 0°020| 0019 — 1°03) 0*77] — — |WO0*52
3 0°9Cr-0*25Mo 0*35 ] 0°35 | 0°42 | 0°020, 0°020, — 0°25; 0°92 0'26 —_ —
.4 3Cr-0°55Mo-(0°1V) 0°32 | 0°22 | 0°62 | 0°013]| 0°012| 0*10 0°07| 2°*96 0°55 | 0°12 —
5 1°4N1“(151;‘3345M°" 0°27 | 0°24 | 0740 | 0°012| 0-013| 0*11 | 1°38] 1°02 0°44 | 010 —
6 1Cr-1Mo-0°25V 0°26 | 0°29 | 0°72 |<0*02] 0*025] — O*11} 1°01j 1°04 | 0°23 <%JI‘OI5
7 1*8Ni-0°8Cr-0"25Mo 0°*35 | 0°29 | 0°77 | 0*019 IO’Oll 0°13 1821 0°*75) 0°28 — —
8 1Cr-1*2Mo-0°25V 0°32 | 0°25 | 0°74 | 0°037| 0*036] — 0°34f 1°04) 1°20 | 0°24 -
NG e . . ‘Ae . . . . . . _ VAl
e 2*6Ni-0°*35Mo ‘ 0°30 | O 18 | 0°52 -1<<0°02 0°021 2°64 {O 05 0°*37 <0015
10 2*8Ni-0*5Mo-(0°*1V) 0°24 | 0°18 | 0°65 | 0*011} 0011} 0*09 | 2°+78/ 0°10| 0*48 | 0°09 —
11 2°5Ni-0*5Mo-(0°*1V) 0*31 | 0*30 | 0°65 | 0°010! 0°018| 0*12 2°50| 0°34] 0°49 | 011 —
12 2°8Ni-1*1Cr-0*4W 0*36 | 030 | 080 | 0°025| 0°020] — 2°84| 1°14] — — WO'42
13 3Ni-1Cr-0*3Mo 0°*37 | 0*31 | 0*57 | 0°025; 0°027] — 3*00| - 0°92) 0*32 — —_
2Ni-1*3Cr- 1A . . . . . . . . Al
14 0*5Mo~(0*1V) 033 | 0°11 | 0°52 |<<0*02| 0014 — 2021 1°34] 0°47 | 0°09 0°040
15 3*6Ni-0*5Mo 0°30 | 0°28 | 041 (<002} 0°014] — 3°64|<<0°05 0°47 —_ Aol,058
16 2*9Ni-2Cr-0*7Mo 0°26 | 0°22 | 0*41 |<0°02] 0°024] — 2°91] 1°98] 069 — <‘%1,015
.o: .. |Critical cooling rate cooling Max. bainite
No Grain Dicea1d Ausﬁ%mtﬁf}ng time from 800to 500°C, sec {formation Bibliography
: size cm ’ temperature grap
Bainite Pearlite °C .
14°2 . kD]
1 — (12°2) 850 2 < 30 330 420 NisHigara et al
2 — (10°4) — < 15 600 520 Braun et al®
3 —_ 94 — < 25 700 540 Braun et al®
4 — {(gg% 850 2 180 2300 425 NisHiHARA et alD
17°0 . (9]
5 — {(14.5) 850 2 . 55 2500 510 Nisuigara et al
6 6 { éZ-i) 955° 3/4 — 3500 520 HacsL et al®
7 — 19°3 850° 2 130 5400 490 Nisuinara et al®
- 51°1 . 10).
8 ‘ {(26'4) 955° 1 70 6500 525 WERNER ef: al
9 5 741 870* 3/4 — 11000 580 HaceL et al®
10 — { (}%:;) 850° 2 55 15000 550 Nisuruara et al®
11 — {(%;é) 850° 2 180 16400 480 NisuiHara et al®
_ n.d. ®
12 — —_ < 45 29000 < 400 Braun et al
29°5 _ ~ n.d. 8
13 | — {(20‘3) 1100~2000 o< 405 Braun et al®
14 6 30°2 - 870° 3/4 — 70000 480 HaceL et al®
119
. _ 7 9
15 6 { o) 870° 3/4 122000 570 HaceL et al
. . . n.a. 5>}
16 5 51°1 870" 3/4 150000< 475 HaceL et al
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Table 4. Classification of low alloy steels according to critical cooling rate

for pearlite formation.

Critical cooling Approximate o
rate for pearlite| max. diameter Alloy system
formation without pearlite | Steel
i i formation in air
(gocting tme, ) ooling, mm Cr-Mo [Cr-Mo-V.| Ni-Mo |Ni-Mo-V Ni-Cr-Mo|Ni-Cr-W
@ 1Cr-0°25 s e
300~800 <100 ? | Mo N0 sOr
©) (V~0°1)
1Cr-1Mo-
) @ 3Cr-0°6 025V 1*4Ni-1Cr
2000~-4000 200~300 { © Mo |i2°9Cr- ~-0*4Mo
® |(V~01) {0°65Mo- (V~0°1)
- ~lo*15V)
. @ 1CY— 1°8Ni-
- 5000~7000 . 400~500 1*2Mo- 0+8Cr-
‘ 0*25V 0*25Mo
2+ 6Ni- —
@ 0* 35Mo C =.O 32
10000~20000 700~800 ! ® 2+5/2°8Ni 2Ni-3Cr
, & AN, -0*7Mo
(v ~0°1)
| SNisC
30r -
S | 0‘71Mo 2*8Ni
. . @ 3*5Ni- C=0.27 1°1Cr-
20000~80000 > 1000 ; ® 0‘55340’] ZNi3Cr || 074W
® (0*15V) || _0"7Mo
ot I TANI-ICE-
0°3Mo
2Ni-1.3Cr
. 0°5Mo
I @? 3°6Ni- 2+ 9Ni-2Cr
: 0*5Mo -0*7Mo

[ 1 Steels in the present investigation.
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Uranium Addition to Low-Alloy High-Tension Steels.
(Influence of uranium addition on iron and steel—III)
Masayoshi HASEGAWA and Ichiro ONopa
'Synopsxs

In the previous papers, the authors suggested about the behaviour of Fe.U and UC formed
fin carbon steels that Fe,U was decomposed by the solution treatment over 950°C and UC was
wery stable even by tHe solution treatment at 1200°C.

In this paper, the authors reported the results of investigations into the effect of uranium
-addition on three low-alloy high-tension steels, Si-Mn series, Mo-B series and Cr-Ni-Cu
-series, and into uranium application instead of molybdenum in order to-obtain a bainitic
sstructure. . '

For Si-Mn series, the effect of uranium is almost the same as in the previous papers.
Impact resistance at low temperature is reduced by addition of uranium and the transition
‘témperature increases remarkably. The merit of uranium addition to this series is the for-
-mation of stable carbide and 1mprovement of corrosion resistance against dilute hydrochloric
-acid. .

For Mo-B series, no effect is recognized in normalizing at 920°C, but at 1150°C, the bai-
-nitic structures of the specimen containing uranium become very fine and have an increased
in hardness. The same effect is observed in the hardenability test. This finer microstruc-
ture has h1gher tempering resistance than the standard one, and secondary hardening occurs
at the tempering temperature of 550~600°C. As compared with the effects of other elements,
the effect of uranium is as little as niobium but less than V, W and Ti. It indicates that the
solubility of uranium to austenite is improved by the coexistence of molybdenum and uranium
precipitates in the carbide reattion of tempering. But insoluble carbide is retained at the
previous austenite grain boundary in the steel containing excessive uranium. The bainitic
structure is gained in 0°48% uranium steel normalized at 1150°C, but this structure has not
-s0 high tempering resistance as that of molybdenum-bearing steels.

For Cr-Ni-Cu series, the effect of uranium is similar to that of molybdenum, but of mecha-
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