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Effect of Alloying Elements on the Peritectic Temperature in Low-alloy

Steels

Hitohisa YAMADA, Takashi SAKURAI and Tomoo TAKENOUCHI

Synopsis :

In solidification of low-alloy steels, micro- and macrosegregations are greatly affected by peritectic
reaction which determines the redistribution of solute elements during solidification and effects the suscep-
tibility of internal crackings in continuous slab casting. However, little is known about the effect of
alloying elements on the peritectic temperature. In this study, therefore, the effect of alloying elements on
the peritectic temperature in low-alloy steels was studied using a differential thermal analysis and a new

method was developed to construct quasi-binary phase diagrams for multi-component systems.

It was

found that Mn and Ni increase the peritectic temperature and Si, P, S, Cr, Mo, and V decrease it. This

tendency was well explained in terms of a/7 phase stability parameter.

Moreover, the accuracy of estimat-

ing solidus temperature was improved by taking the change in peritectic temperature into account.
Key words : solidification ; phase transformation; peritectic reaction; low-alloy steel; alloying element;

phase diagram ; differential thermal analysis.

1.

WMoORBEICBTAERE R T AHE, BEMGEL»S
BTETOEBBIZEZHAZ EARRTHL. ZD/:
DI iE, FOHBT X B BB B 2 5 L&
ISREDOETALE, IO TAZ ENEETH .

—H, GERDSBEREIREXH % RO LS % SN,
AR  FEAHMIREICE L C, 6ELROBLELR
HLELL oBERHLYTD. 72, MBI HEA
TRt Z OF{HRIC BV TRAHDOBRILBERAEL S 5720,
T UENPOVTIE Y7 ORITICE CHEL BT
3. 262, oA S 7T TIRAROEN L LREKIE
EOBENSIRE S NS R &, BEBRICB T HAMEE

il

DEEIFTEDDODTREVEEZONS., LALEA6,

AAASREICE L TAEETLEORE LW L 2 d
Bz, BAZET- S OBTCLOBRF LTS
O RETAEERH VAT — S ICL D R 5 ol
RS, L72dS5C, ZO@MAFEHERLRBEICO W TR
FTLLHEHS N Tk .

EHEOIIInT T, ARMNLMHECRERSITE B
o, TOHRE R R e & BB RBIRE 2 HIE L,
BUS-REZITCKREBHEHRE L TW5EY. LAadoT,
BREEICHT 58T ROEEYERICHEL, EB&
WKESOHEERTIEF TR THS. £ T, &%-
REZITHE CRHEEOBE v AT AL & biL, EH
2 RAEMoOBE T #HE T, LREREICRITTEETE
DEBLRERLNIC L. T, ETLRECBITHELOH
-RECTIREBN T T A OO TEEL R L 2.

2. R B FH &

21 #-RE-TERICLDIAE

WL Fig. 1 ISR LR ERSTEE 2 HY, 50
g DHIERE L EEABE2 7V IFRHOLOIFICHA
L, 7VITyFHEKICHTHE L 2BRPANCHERBE, BiE
DM CEE L HEROBEYS5- 2 7., TOBRBTAEL
ZPlERBOMERICRRN T 5REEE, EERE
DIREEE LTRHB LA 72, E#EHIAIEREH
PHCHIZREDE U e\ 2 & L [FBFIC, BAfmEidse b

BAD 60 4 10 ARSHEERRICTHER FHILE 2 A 23 HEZf (Received Feb. 23, 1989)
* (BB ABSEPTE %R (Muroran Research Center, The Japan Steel Works Ltd., 4 Chatsumachi Muroran 051)
*2 (%K) H ARBUHFTEMBIZHT L1 (Muroran Research Center, The Japan Steel Works Ltd.)

—132—



KEEHBOVEICERECBLIITEETROEE 439

DTA
= Thermocouple
(Accuracy10.25%)
Alumina
crucible Alumina
(1 7mnfx100m tube
Furnace T_T;\.:',’_“S'randard
control - %] specimen
thermoco- \
upie Furnace
Specimen body
to be 1 | Heating
measured element
{Uniform temperature
Ar zone75mm)
Fig. 1. Construction of the apparatus used for the

differential thermal analysis.
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Table 1. Chemical composition of the specimens
in Cr-Mo-V steel series.

Chemical composition
Si Mn P S Ni Cr Mo V
0.05 0.74 0.007 0.008 ?g;r .16 1.16 027

Series

2.03
2.87
0.0l
0.53
A 1.51
0.01
0.49
1.49
0.01
0.51
0.95

Table 2. Chemical composition of the specimens
in Ni-Cr-Mo-V steel series.

Seri Chemical composition
enes “5iwn P S NI ¢ Mo V
8'?2 0.30 0.005 0.009 3.50 1.45 0.49 0.17
0.32
0.6l
0.11
0.77
B .46
0.003
0.027
0.047
0003
0018
0.031
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Tp=1494 (0.1 < C§ < 0.51) cevrrrvrerereuncennse (2)
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Fig. 2. Measured phase transformation tempera-
tures as a function of heating and cooling rate.
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Fig. 3. Comparison between Fe-C binary phase
diagram obtained from present work and that from
reported work.
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Fig. 4. Relation between initial carbon content
and content of interdendrite liquid in the case of
non-equilibrium solidification.

2RAIN S, T/, flES N Ts S d % iR
BE % THERRER & 0 SR> TR %l L 72

cS = CE(I—fs)"“(’:_” .............................. (4)
727U, k§ 12 0.36'0 2 fERA L, lBIIMEES
5°C%2x25% 0.3wt% UL EDORFBEIZOVWTERL
7o, #ERE Fig. 4 IIRTH, ThICXD EHllE Ts i
L5 CEE, WFndb(4)XT/f 2408 &L
CTEHEsND, CE DEIIFIF—HLTnDE I EHFR
oML, Lizdto THIE Ts i, FFFHEEICE TS,
BAHE 0.82 MEOREXMEL T H LD ELHEES N
B, %8B, T, & Tp OBIEMEICE L T, PHEREX
EIEF—FHLTWA I LR, RITCK LB v
EEZOHND. '

—134—



A S8 O W8 USRI

BREITEENEOLE 441

3-2 SR TREINIHEBODER

Fig. 5 {Z 12%Cr-Mo-V S CHlE L /- LR ORE
T, B oS- RECTIRERICLORT. 2hitk b &,
Ty SR FHRE AT B o TIEITHEMAMIET L
TWwL. T/, REBEKEEDS - RETFHERED
T, MOTALL IBIF—H L TWABDOHFED BRI, KIZ,
AAEETIRERTOMEENIZLALHES W
W, Ts ERHBEVBEEORHEMBEICHIET SO LR
EhB Thbb, RKEXEFIZVERTHE S L
1447°C B LU, REBREH 0.4 »56 0.7wt% O T

)

(°c

1450

1400

Temperature

1350

T

: 3000 0.4 08 1.2

Carbon content  (wt%)

Fig. 5. Fe-C quasi-binary phase diagram drown
by the present work on 12%Cr-Mo-V steel.
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Quenching conditions and the structure of the specimens.
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Fig. 6. Change in microsegregation of carbon as a
function of quenching temperature.
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A, Tpld Ni SHENFEL 25 & LATHEBZRL,
Mo TORIEARER L X RE - @A ZRL TW5.

Fig. 9 & Fig. 10 12, FEBRRGE & CER L -8
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& 049
o
5
S 1490
Ty
a
£
(5
[t
1470
1450 ' —
5 (o] 02 0.4 0.6 08
Carbon content { wt%)
Fig. 7. Effect of Mo content on the quasi-binary

phase diagram for series A.
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Fig. 8. Effect of Ni content on the quasi-binary
phase diagram for series A.
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Fig. 9. Effects of Ni, Cr, Mo and V on peritectic
temperature.
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Fig. 10. Effects of Si, Mn, P and S on peritectic

temperature.
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H5EEBIT, BHRICFHGIC BT D IRFERE © KRR
WIZFITE A, T/, Cr, Mo BXOV i3, BE?Z
BT CRBRELEOTHAEMIISS. ZDXI %R
BIEED DRI RHMGREICRITTEEBOAE, Mn &
Ni 25— 2554 PEEIS, Z2OMIE7 2514 V&
B AEENLTRCHAL-DEEREENS.

WE, SLEOFT—ZAT T4 r27 274 MU
(8)RITTET o/ yRE(L/3T A~ % — (AGY7) THESH
énéll)lz)'

AG Y 7= RTIN (&9/Z7) wwereeremesrereeniunnnnnnis (8)
ST, AGY? BEDOEAER y - TR, BOBE
3y BB oEmE b oTtE LS. £ 2T, Table 3
WRLAEBTTED AT, p # AGY” TH¥H L T Fig. 11

20
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Mn

(°C/wt%)

cr v

ATup

20} f
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Fig. 11. Relation between coefficient for peritec-
tic temperature and ¢/ 7 phase stability parameter.

Table 3. Effect of each element, expressed in terms of coefficients, on the change in phase transformation

temperature and peritectic carbon content.

Element
Mark

Si Mn P S Ni Cr Mo A"
AT (°C/wt%) —14.0 —4.0 —30.0 —45.0 —3.5 —1.5 —=5.0 —4.0
ATs(°C/wt%) —20.0 —6.0 —370.0 —660.0 —-3.0 —2.4 —-7.1 —5.5
AT p(°C/wt%) —16.0 2.4 —24.0 —28.0 3.9 —-2.9 —10.0 —7.5
ATp,s("C/wt%) —16.0 7.2 —56.0 —64.0 8.0 -5.3 —18.0 -10.0
ACL,P(Wt%/Wt%) 0.026 -0.080 —0.250 —0.500 —0.090 0.015 0.055 0.045
ACps(wt%/wt%) —0.010 —0.030 —0.080 —0.105 —0.025 0.007 0.025 0.010
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Y Ts BRRAPSRDONS.

CS> CSr DG

L= TL,P — 70.84 X (Coc _ E,p) .................. (13)
Cs> Chs DEE

Ts =1528.4 — 177.9 X CS + ZJ ATE X Ch - (14)

COWBED —70.84 & —177.9 X 8k- R ETHRAEN
DEGEIGREDLTO T, BXU Ts HOMEE T,
1528.4 3 AMHH LD BRFRIREHEBO Ts MEERL
THOND, KEIRE 0% TOMTH DY,

Fig. 12 & U Fig. 13 ICFTHME L WE @O LE % /R
325, BEREHCIE Table 4 ISR L2 KD 12, FiE
DB EBE UM E & B kO R 72 HERB L
Hoboxr W F72, sHEERMELEFES? 2
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7272 L, AR TIRABEHE THRISRD O vwD T,

Cr-Mo-V Steel

3_8 1460
O G, ek

N ~—— Hirai et al.
g 1380r T Okamoto et al.
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5 —_— =-200:!
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Fig. 12. Comparison between measured and calcu-
lated values on Cr-Mo-V and the Ni-Cr-Mo-V
steels listed in table 4.
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Fig. 13. Comparison between measured and calcu-
lated values on Mn-Ni-Mo and the carbon steels
listed in table 4.

Table 4. Chemical composition of the samples
used for the comparison with calculated values.

Steel grade Si Mn P S Ni Cr Mo \%
Cr-Mo-V 0.23 0.69 0.003 0.003 0.20 1.22 1.20 0.26
Ni-Cr-Mo-V 0.01 0.27 0.005 0.008 3.58 1.79 0.40 0.11
Mn-Ni-Mo 0.24 1.39 0.005 0.006 0.73 0.14 0.52 0.01
Carbon steel 0.30 0.66 0.008 0.006 0.31 0.26 0.09 0.01
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