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Estimation of Primary Dendrite Arm Spacing and Solidified Interface Morphology
in Low Carbon Steel by Introducing Quasi Fe-C Binary Alloy

Hisao Esaka and Shigeaki OciBayasHl

: In order to characterize the solidified structure of low carbon steel, uni-directional solidification experiments have been
performed using various commercial grade low carbon steels. Conditions of uni-directional solidification experiment
carried out in this study are followings : Temperature gradient : 3.4-10°K/m, Growth velocity : 1.67-10~® m/s and 8.33*
1075 m/s.

The solid/liquid interfacial morphologies (cellular or dendritic) have been observed on longitudinal and horizontal
cross section of the specimens. The primary dendrite arm spacing ( or inter cellular spacing), A, has been measured
on the horizontal cross section. These experimental data have been compared with theoretical model, which is based

Synopsis

on the marginal stability criteria.

It has been found that it is impossible to describe the solid/liquid interfacial morphology and A, using carbon content
in steel when carbon content is low (e.g. C, <0.1lmass%). Equivalent carbon content (C,") for description of solidified

structure is newly defined as follows :

Co'=1.066(2%C) —0.202(26C)2+0.019 (2Si) +0.0043 (%Mn) +1.1775(%P) +1.6740(9%S)

The solidification range in quasi Fe-C binary system at C,’ equates with that in real steel. Using C,’ it 1s possible
to characterize solid/liquid interfacial morphology and size in solidification of commercial grade steel when carbon

content is less than 0.1lmass%;.

Key words : solidification ; primary dendrite arm spacing ; cell-to-dendrite transition ; carbon steel ; solidification range.
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Fig. 1. A schematic view of unidirectional solidifi-
cation apparatus.
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Table 1. Chemical composition of steel used in this

study.
C Si Mn P S
steel-1 0.035 0.01 0.17 0.012 0.013
steel-2 0.034 0.02 0.28 0.013 0.013
steel-3 0.087 0.01 0.37 0.012 0.005
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Fig. 2. Solidified structure of the specimens (longitudinal cross section).
Temperature gradient (G) : 3.4-10°K/m and Growth velocity (V) : 1.67-10-°m/s The arrows indicate the
solid/liquid interface when the specimens were quenched.
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Fig. 3. Solidified structure of the specimens (transverse cross section). Observed section is 3-5-10~°m below the

solid/liquid interface. Temperature gradient (G) :

steel 1

3.4*10°K/m and Growth velocity (V) : 1.67-107°m/s.

steel 3.

5.10%m

Fig. 4. Solidified structure of the specimens (transverse cross section). Observed section is 3-5:10~°m below the

solid/liquid interface. Temperature gradient (G) :
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Fig. 5. Relation between primary dendrite arm
spacing (1,) and carbon content at a temper-
ature gradient of 3.4+10°K/m.

By h A O BT R O sy T D 5. [ w6
(4= 1)-10*m N5 ORWrH # Fig. 3 (2/R ¥, Fig.2 ¥ &
U'Fig. 3% 6T 2 &, steel-Lidt vk TH 5 DICHFL,
steel-21& b THTIEH 5 2RI MYHTED & A, steel-3T
WRARRE e REEDTR 6, steel-2, -3 FTU NI A MK
Lo s,

372, 8.33:1075m/sTIK K3 ETEE b AR, [ R

3.4-10°K/m and Growth velocity (V) : 8.33-10-°m/s.

D6 (4 +1)-10*m T H O T #Fig. 4 {2737, steel-1
TRHT»TIED 5 »MMHED 6 4, steel-2, -3 XA
B RMDTERD b s ey, £ TOMTHEERR AR EIR
TN A MREHBITE 3,

(DX O, EKRD, 58k 6D LR 2UIREE,
HORBMEEIZ L TR LI LOPFig. 5 Ths, XD
RECK S UDRBIRREEEY 20 Fhe ik, 7 N3
AMNRTH-7122 LERT, ARIOEROFEHMNTIL, A,
IR FIBED0.1~0.25F 2 B L, R FERE DRIEMEIR D
Sy,

4. EE

4:1 ALNEBRETNEEBBERE O

7T N4 POEEG*AEDOILEORENRTT
MET AR GDTV N4 PREICAEEIEI 6 DIZKurz
and Fisher®®7 ¥, Trivedi®E7 /v!%, Miyata and
SuzukiD®FNWIENH L, 2> /= I v—T b
A&, Al-CuRABEOEFHCIERCL Y, TN A
b SEuE IR, M RESE 00w Tid marginal stability iz

FOKHBEVBEHTE 2 2 LRI NT V5,
—‘jf, /11

IOCTRH S CHER OFESRMTEEELT

51



M 52 &% $BVol. 84(1998)No. |

EERR P RO 2HRAPLIN T2 bOD, FHR LR
WBHRIEOED Z L TH b,

Hunt!®d, "X DHo-Tbra—ALHMEE L THRE,
Lk, BESEGOBERE LTEC, 2L, Fv
N4 MREBTORNDBBFRGETRET 2D EHLL
o, LIEBRML Y EDFEBI N TV AU TS,
n/FURNIA MNOBIE TS ol

Kurz and Fisher'®i3marginal stabilityZeffi22-7 {7
PRI A MNERPRESY, FTUNI A N RrmiE LR
—ih% e b oEEEAEREREL, BT LA,
sk b, /774 PEBRECOCT bREAN
RS (O SO W ECl N

A 612, Trivedi?WR FOEBEHNE FTDFT K74 ML
gk 127 v P Hunt@O® 7 VISET L, &Ry
2)R2HT 5,

112:8w/§FLD/GRV ..........................................
2 2T, TiiGibbs-Thomsonf&#k (=¢/4Ss : 7275L, ol
Bl FmE T AV —, A4S kisf—y br—), LIZ7 v
FoA4 MRz BENIHES E8, DIRIEMHM TOBRE
DOHFEURE, GREIRAEIZ3 7 2 T OB IE SR, RiZ
TR IA MEmROMFEAEE, VT N4 NORE®EE
Thhb,

o= bV -T R M OEEERHOCLFERIZL b, A,
DX S E T2 N F 4 b OSEE S FHRAE LD e T
Trivedi®D 7 v h i b FEEASEF AT 5 2 LTS
T3, 22T, RFFEIZF T 4 Trivedi® €7 v % 1
CTRERFL T2,

Fe-CtRTOWMEAE2>2Y % Table 2 (17" T, Z4L6DfE
SRR L TO AU, MREHN T —ELA2LLTET
WETHEIT O, L O IR EE OB E L TFig. 6 (2
AT, 22T, IRENRIEERSZGLFEL, 3.4-10°K/m &
L1z Ko 3 ARDihifidsteel- 1 ~ 3 DRFBE ST
B, ZNFTHNORKBEZ LT, LIIREREDONN L
RO L CEALT B, FHURERRED P O L S
CEERETDH 5, FHVALE L L AR OREHREIL
VeTE3IN, KRRDL HIRINL B2,

Ve

12700, AT 3 SEEIREFIPR T, LBSEAXH T 4T, L &
T 5,

IDVeL ) bEERERENKE 2 b, BRFAREER
VKT, LRREEEOMMEILIIKNE{ RS, 2Dk

Table 2. Properties of Fe-C alloy used in this study.

I 1.9 10-7 (mK)

D 2.0 10°® (m?/s)

L 10 (=)

m —81 (K/mass%)

k 0.17 (mass%/mass%)
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Fig. 7. Comparison between experimental results
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1.67-107°m/s. Experimental data are plotted
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Table 3. Calculated liquidus and solidus range and
‘equivalent’ carbon content.

ATy (K) AC, (mass%)
steel-1 16.03 0.0405
steel-2 29.81 0.0754
steel-3 45.67 0.115
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Fig. 9. Comparison between experimental results
and theoretical model for primary dendrite
arm spacing (1,) at a growth velocity of
1.67-10~°m/s. Experimental data are plotted
using ’equivalent’ carbon content.

T T T

103 C.  cellular Co dendritic

\ma

10 |

Primary Dendrite Arm Spacing , A,/m

103 102 10
Carbon Content, C;/mass%

Fig. 10. Comparison between experimental results
and theoretical model for primary dendrite
arm spacing (1,) at a growth velocity of
8.33:10°m/s. Experimental data are plot-
ted using ’equivalent’ carbon content.
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