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The Estimation of Bainite Transformation Temperatures in Steels by the Empirical Formulas

Tatsuro Kuxirake and Yasutaka Oxapa

The empirical formula showing the relation of the Bs temperature to the chemical composition of steels was obtained
from published isothermal transformation diagrams. The bainite transformation temperatures on the continuous cooling
at the critical cooling rates corresponding to the beginning of the pearlite region and to the appearance of the fully
pearlitic stage transformation were obtained from published CCT diagrams, and these temperatures (B, and B,) were
correlated to the chemical composition of steels for the wide range of the steel composition.
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Fig. 1. B, temperature in the isothermal transfor-
ml\?/i[ti)on diagram. (Steel: 0.32%C-2.5%Ni-Cr
-Mo
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Table 1. Steels used in the analysis of B, tempera-
ture and data source.

Range Steel Number of Steels
i {Alloy System) | Initial | Final
Ni-Cr-Mo 20 17
Cr-Mo 3 2
Bs = 371-550 * C |Ni-Cr 2 2
(644~823K) |Ni-Cr-Mo-V 2 0
Mn-Mo 1 1
GS.=7-9 Mn-Ni-Mo 1 1
Mn-Mo-V 1 0
-Ni-Cr-Mo 1 1
Total 31 24
Number of Steels
Data Source Initial | Final
Britain ” 18 16
US.A.(ASM)* 2 1
France (IRSID) ? 2 1
Germanz}l (Max-Planck-Inst.) © 1 1
Others 8 5
Total 31 24

Table 2. Results of the analysis on B temperature.

i((C /mass% orK/mass%) Ko
C Si Mn} Ni | Cr { Mo
BSlCDefﬂcient 202 | 216] -85) 37| 471 -39]732°C
Deviation* | 21 53 13 3 4 11 ] (1005K)
Range in alloy 0.11 {0.14 {0.34 |0.23 10.14 10.07

content(n=24) |~ 4~ 1=~ 1T ||

0.56 10.40 11.49 1433 480 J1.99

[Bs=7 ki - xi + Ko, R=0.97, o =105
*standard deviation, o
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Table 3. Comparisons of present results with
published ones.

ki  C/mass% or K/mass% 2

Bs 'S Isi [ Mo Ni[cr [Mo] Ko | R
Present  |3207c [-202 | 216| 85| 37] 47] 39 7(?020;%
investi- s loiatoza 553 1614 o767 1 -="=10.97
oovioti= | gaq foriT foiia [o34 [025" [oci4 foo7
0=24) | &3K) 456 10.40 |1.49 |4.33 |4.80 |1.00 =

T70- 30

Steven & 640" [270) 0 ] 90| 37} 70| 83 qigye | _
Haynes (643~ ‘0;1 2.'1 (LZ N _ _
(=48) | 913K os5 Jo35 ] 1.7] 50l 35| Lo
BeZ k-xiKo

Table 4. Estimation of B, temperature according to
present formula and Steven & Haynes’
one.

Steels (mass% Bs, Bs.Calculated (C)
C Si Mol Ni | o | Mo Me(a's(l:x)red Present Steven &

investigation | Haynes

0.56 |0.18 }0.47 |4.55 |1.16 |0.18 405 401 383

0.11 ]0.24 ]0.47 |0.23 |4.48 ]0.52 489 484 393

0.28 10.40 {0.34 10.32 §4.80 11.99 371 373 149
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Fig. 2. Calculated and experimental B, temperatures.
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Fig. 3. B, and B, temperatures in the continuous

cooling transformation diagrams.
(Steel : (a) 0.44%C (b) 0.38%C-1%Cr-Mo)
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Table 5. Steels used in the analysis of B, and B,
temperatures and data source.

R Steel (alloy system) ___Number of Steel
ange Y Y initial [Final®) | Final (Bs)
Bi=427-628 C |__Carbonsteel _____ | _ 1.1 __.0__ | ___ 0_..
(700~901K) | _Mn______________}__. 3..1....0__}.... 2__.
B—439~609 ° C x.“éMgM“‘C’éM"‘;V 20 16 19
(712~882K) |= -CrGr- MQ;_ % o SUUENS DUDIPIPIVEN (PR
Mn-Cr-V.Ni-Cr-Mo___|___ S.y...2_ ... 3.
G.S=7-9 Mn-Ni-Cr-V 1 1 1
(Total) 30 19 27
Number of Steel
Data  Source nitial |Fin§1@§ Final(B)
Germany (Max-Planck Inst.)”" 30 19 27

Table 6. Results of the analysis on B, and B, tem-

peratures.
ki C/mass% or K/mass%) Ki or
C Si Mnf Ni | Cr | Mol V K
B: Coefficient [-233] 0 | 45 | -68] 65 [175 | - |Ki=
R—oo |Deviation |32 | - 120 {10 115 | 35 | - fs48°C
16 Compositon [0.13 0.50 0.08 (821K)
o= ~ ~ |~ ~]|~1.
Rangefri9 10.56 1.67 12.02 ]1.95 10.44
B: Coefficient | 21 | 44| -33 | -15] -69 [-101 |-522 K=
Ri=091 |DPeviation_ | 24 122 119 1 6 111 | 28 _123]634°C
015 Compositon [0.13 [0.21 [0.46 (907K)
Range@r2) 10.56 11.05 11.67 §2.06 11.95 10.44 10.13
B, == ki xi+K, B,=2 ki xi+K.,
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Fig. 4. Calculated and experimental B, and B, temperatures.

Table 7. Comparison of present results on cooling
transformations with published results.

R o ki (" C/mass%) Kn
C i{Mn]Ni|Cr Mo (O
Present B:_]0.94 ]16]1-233] 0_J45_1-68 |65 |175]548 (821K)_]
investigation | B, 10.91 Tis[ 21 |44 1-331-157]-69|-i01 [634 (907K)
3°g“.?' Bs' -597 63 |-16 |-78 844 (1117K)
B,=3 ki *» xi+K, (B:,Bs':same as B»)

Table 8. Composition ranges of steels used in vari-
ous analyses.

Steel Chemical co ition _(mass%
C Si Mn| Ni Cr | Mol V
Present 0.13 0.50 0.08
B 190056 1567 |2.02 |1.95 |24 |
investigation  |----1----" 013 [021 10461 Toog T
B: In=27l ~ |~ |~~~ |~ |-
0.56 |1.05 |1.67 |2.06 |1.95 |0.44
-, 0.15 |0.01 [0.02 f0.21 [1.13 [0.44
Bodnaretal” B/ |n=14] ~ | ~ |~ '~ '~ |'~ | -
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Fig. 5. Bainite transformation temperatures vs.

carbon % in steel.

K2RDICHIDOB 5 HiPH # Table 8 12 L h & £ 7z, FEHIIC
ELTEDERSZHOCENE2E, tRET RS-
THWFFTNEThHY, Fl235EH KB H ONi-Cr-Mo
fitioxt LT, Bodnarb D ERBRAPZPHOGCLONEINA S,
AER D FERNIZCCTIN & DR TR 2~ 4 + 4 P ARED
285 A —R—F RIS, JLCEMSCERT S 5L YR
RPIBLIZE AU D 5,




4. EE

BRENA 74 PEBREOFEBRAOHDOCIR -2 5 Bk
PRRT ULFig. 5 D & 52 B, Steven b OBl O F
B TIESIOBREIL 0 L » T3, OO CIZHDSIH
DEALDFE I RN S, PHSIEI0.22%TH b, 4
Pl CORDIIBIABEORIZZDSI% M5 L, Steven
SORITIE-T L 2 EIRRBRIEC, Ly L, AR ICEL
TMn, NiOZREIZ oL TiEE-—-E5L Te 3% COftl,
Cr, MOOFIFZ D TEHKEL B IHEREG LTV 5,
BHENA A4 NEEEEOMIIIE, B >B H50EB.D
BIEDH 5, B, LB l2 oL Tld, HHIEE E» 613, B>
B, 759, Biloow TR EIT ¢ — 5 4 M RIFEBORE
Lo T—RCIKTT 20T, MEOEFRIE—MLCIEwmL
5, JISOSNCM4AX XA Y D Ni-Cr-Modi (0. 3081,
0.75Mn, 1.8Ni, 0.8Cr, 0.23Mo) 22T B By, B,D
C%\= & AEALZ KR T, B, L B,OEEOBIRIIPRET
FHE L TV 5, RREMTE, B,>B, - Twv 3%, K
REMTIIZED 7254 PR RITERLE L TERL, R
EHEDF — 27+ 4 bhOCHPViEHFHINSL I L ¥ FHF L
HETE b,

5. &

FRERDBHEKE L F— 2 E L THG, ~NA4F4 ATE
HEE R SO LSER S OOk 2 EBRR PR L, T4b
b, SEEHER D O 3Rw 12 BJaRE L SO LE s OBIR %
T ROEBRR 2170,

B, = —202X.+216Xs; —85Xun — 37Xy — 47X cr

—39Xy,) T K,

Koid B, (°C) Tid, 732, Be(K)TIX1005¢& 7% 5, fEXK,

Steven b DEEBRAHIH LN TV A0 TH 5%, AHIOHE

57

B~ F A4 b EEREO RSB L 2HEE

BRI L - T, —BEHHA LB OHE RE L BT,

— 7, MR I ONA F A4 PEERE COe T, CCT
X E BT 72B,, B0/ 9 A—X—%&E L, #ofLy:
oyt DR ERT EBRRERKD I, T4bb, B, Bl
rnzh, =74 bBREORERIGORM G HNEEL &
U B4 F A D EEOMIRERIE, ~A A bR E bl
LA =T 4 b BB K REMIEIS U & L 5 BRSO
M AN F 4 P REBOBBEBETD %,

B, = —233X,— 45Xy — 68Xy T 65X +175Xy0 T Ky

K, (°C) =548, K,(K)=821

B, =21X.—44Xg; —33Xyn — 15Xy — 69X cr — 101 X0
—522X,+K,

K, (°C) =634, K,(K) =907

kLY L VINANDOD 2R E VL 5,

X £

1) W.Steven and A.G.Haynes: J.Iron Steel Inst. 183 (1956), 349 ;
Iron and Steel, 29 (1956), 634.

2) Atlas of Time-Temperature Transformation Diagrams for
Iron and Steel,ed.by G.F.Vander Voort, ASM, Materials Park,
(1991).

3) Atlas of Isothermal Transformation Diagrams of B.S.En
Steel, The Iron and Steel Institute, Special Report No.56,
(1956) .

4) Atlas of Isothermal and Cooling Transformation Diagrams,

ASM, Materials Park, (1977).

Coube de Transformation des Aciers de Fabrication Fran-

caise, IV G.Delbart, A.Constant and A.Clerc, IRSID, (1960).

Atlas zur Wiarmebehandlund der Stdhle, Max-Planck-In-

stitut fiir Eisenforschung, Teil I F.Wever, A.Rose, Teil II A.

Rose, W.Peter, W.Strassburg, L.Rademacher 1954, 1956, 1958.

7) Atlas zur Wirmebehandlung der Stihle, Max-Planck-In-
stitut fiir Eisenforschung, Band 2 A.Rose, H.Hougardy, 1972.

<
~

8) R.L.Bodnar, T.Ohhashi and R.I.Jaffee: Met. Trans.A, 20A
(1989), 1445.
9) LA.Borisov: Met. Sci. Heat Treat.(USSR), 38 (1996), 104.

14] I



