1672 % & 5§ 63 &£ (1977) H10s5

2

UDC  669.15-194 : 620.184.4 : 669.046.516 : 536.421.4

B$EEETUERKTA VO—RT7T — 2DOEBITE LITT
E&TTFEDOEE”

B B BY-KE B 0 8™ -& kK FmT

Effect of Alloying Elements on Primary Dendrite Arm Spacing in

Iron-base Alloys
Isamu BEsSHO, Yutaka Nacaoka, and Akira Suzuki

Synopsis:

The influence of the solidification rate R, the temperature gradient G and the kind and amount of solute on
primary dendrite arm spacing are investigated in unidirectionally solidified Fe-C, Fe-P, Fe-0.5%C-P and
Fe-0.5%C-S alloys.

The effects of the kind and amount of solute on primary dendrite arm spacing are discussed on the basis

of Okamoto—Kishitake’s equation,
The results are summarized as follows.

1) Nearly linear relation is obtained between primary dendrite arm spacing and G—4R-%2 in Fe-C alloy

as well as stainless and Cr-Mo steels.

2) Primary dendrite arm spacings in Fe-C and Fe-P alloys slightly increase as the solute content increases.
3) Primary dendrite arm spacings in Fe-0.59;,C—P and Fe-0.59,C-S alloys are not affected by phosphorus

and sulfur content.

4) The effects of the kind and amount of solute on primary dendrite arm spacing can be almost explained
by Okamoto-Kishitake’s equation in iron-base alloys as well as aluminium alloys.
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Table 1. Chemical composition of master alloy.
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Fig. 1. Experimental apparatus.
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i - ) "
2.2097P

Tt S0, o}

1 —

[} q ot . J
-.n. .«1

P b X S =2 T

LoLX X T, ;ﬁ& B

3.679%P 4,609 P
Photo. 3. Effect of P content on dendritic structure (transverse section, Fe-P alloy).
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. 4. Macrostructure of Fe-0.5% C-P alloy.
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Fig. 4. Primary dendrite arm spacing as a

function of P content in Fe-P alloy.
(G=35°C/cm, R=0.23cm/min)
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Photo. 5 (b) Dendritic structure (transverse
section Fe-0.5%, C-P;alloy)
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Fig. 5. Primary dendrite arm spacing as a

function of P content in Fe-0.59%

C-P alloy.
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Fig. 6. Primary dendrite arm spacing as a
function of S content in Fe-0.5%;
C-S alloy.
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Photo. 6. Macrostructure of Fe-0.59, C-S alloy.
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Photo. 7. Effect of S content on dendritic structure (Transverse section, Fe-0.59;, C-S alloy).
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Table 2. Influence of solidification rate and temperature gradient on primary dendrite
arm spacing for different alloys.
Empirical equation Alloy Researcher
—(A— - .,
fl<—lf‘4 A’%‘?g’)n’ft ' Sn-Pb (0.5~1.979, Pb) BeLL and WinNeGARDIO
3
” S§;=C - R-0.15G-0.45 Pb-Sb (5~102,5b) KotiLer, Casey and CoLg!)
~§O=.C376' jnj‘g'_"gj Al-Cu (2.4~10.19Cu) Younc and Kirkwoon!®
S§;=C - R-v.20 . .
G=31°C/cm (COHSt) FC—N! (8%Nl) JINLS)
T =C . R-o B
(S31=2%°(§2/c:n26(const) Fe-C (0.35%C) ALBERNY, SERRA and TurpINt)
S1=C - R-0-24~0.26G-0.72 ‘ Fe-C (0.59~1.489,C) Jacorr and SCHWERDTFEGER1S)
$1=C - R-02G-0.4 Fe-C (0.48~3.809,C) Present work
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Table 3. Values of the various parameters used, Fe-C alloys.

i 1
!

%@?hicﬂ‘R”“é A .@mgx@i *%6C ‘(JéﬁnMpéﬁ%cﬁutisaﬂ{?gﬁep
Gl | 0348 164 | 0.3 i2.9><1o—4; 9-48 % 231 % 64 ? 88 x0T
cz2 | 0367 | 1572 082 | 29 oo ? a0 o 8¢ -2
C3 | 0.33% | 1820 0.35 2.7 i | e r 58 e
C4 0.333 1733 0.37 2.6 ;ﬁ 1%3 @ %Z ylgé
cs5 | 0319 | 2113 0.39 2.3 g s | 138 5 %:5. 19.9
cé | 0.318 2 041 0.41 2.2 oes | 133 o >3 198
c7 | 0.320 1997 0.42 2.1 o S 52 3 1?32
cs | 0.315 | 2263 0.43 1.9 FI 13 A 73 1.4
c9 | 0.319 1950 0.44 1.8 oo s 1o s 19.2
cio | 0.331 2073 0.47 1.6 Se7 ) 1082 =t i >
C11 | 0.331 1843 0.48 1.5 2% e 1 i o

* upper row-concentration in wt %, lower row-concentration in at %

Table 4. Values of the various parameters used, Fe-P alloys.

Sample No. [G-0-4R-0.2 A *%P *A/(%P)/? *_m("C/%P)’ (1*_[;03']11/2 (TE;:)"]I‘)/2
Pl 0.319 1524 o0 1028 2 S R T§x10~
P2 0.331 1852 2.9 Lo 3 33 e
P3 0.320 1675 g:i; 2;3 29 } 2:3 f;S
P4 | 0325 | 1689 3.8 [ E ! 43 it
P5 0.334 1710 18:%2 23; | 33 ! ng f:S

* upper row-concentration in wt%, lower row-concentration in at%
ko=0.15, D=0.2x10-4 {cm?/sec)

t ER) RIESHETHLERELTWS. iEDT, BErTOGFRLOBFHEDLLTERRNIBTED &
FADRIE Si=C R"G# (C, m, n: E¥K) ORFELE ZAHREAEEFRUAOHEE T I DS, IR T
E (m=n==1/2) TH50T, TOXREHAVTEE .

BRI EZTROoThivw L THReE Dt nEFE BLEXy, —R7 - so0fBk XiET548TEOE
2605, Fh—R7 - L2OMRBCH L ETEETLED HLEXOEBELOBRILOE, REBRESR, Fe-Ni &

— 58 —



GFxEE&ETFV VM4 bD—

K7 —-20BRBIERIETELETLEOEE

1679

Table 5. Values of the various parameters used,
Fe-Ni alloys.

Sample No. 4 *ouNi | *A/(9%Ni)ie
N1 1102 .55 397
N2 = 1300 25 .04 500
N3 1037 '9.55 356
N 4 1235 14.39 326
N5 1316 %021 300
N6 1063 22.07 2l
N7 931 29,94 173

* upper row-concentration in wt %
lower row-concentration in at %
ko=0.57, D=0.45%10-4 (cm?/sec) —m=2.6 (°C/%Ni)
[—m(l—ky)]172==1.1, [—mD(l —ko)]72=0.7%10-2
43R X Fe-Si L&k Tlitemars:.
BEERICE T DRFERE Fe-C 4% Table 3,
Fe-P &4:% Table 4, Fe-Ni &4&% Table 5, Fe-
Si &4% Table 6 wZhXhird. 7k, BMENTOD
BHEOIEERE (D) RIASKEEHOWEMEERE2» 5,
WFERRD = HBE (m), EHa4s e (k) 1, Fe-C &
LT oW Tik Bentz 500 F — %, FOMOAESLE RIT
DU ThE HAnsEN DIRAERY X b sk 7.
MALFERORN CHITS 4 O (4A=Ze)V/ —mD
A=k V' Cpy e: 1 XDASVER, C:E54&0BE
EHE) LIBFEEFELORMKRE Fig. 7 wmT. Zh
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Fig. 7. Relation between the value of 4 and

solute content in iron-base alloys.
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C, Fe-P, Fe-8i, Fe-0.5%C-P ¥ X % Fe-0.59,C-S &
EERWTWHBABEITEOFE D wtd% KX DD aty
EHEIZ R VWTAEL LB,

AV Cy & [—m(l—ko)1V2 L OB {%R% Fig. 8 1z,
ANV Cy & [—mD(1—k)1/2 : B #% Fig. 9 ic %z

Table 6. Values of the various parameters used, Fe-Si aIons.

Sample No. A kq *94,Si *A/(%S)12 ¥ —m (°C/%Si) (ﬁ[_—kzl)]w (1*£;52]ll)/2
S1 - 2250 0.73 3.64 13}%55) _ ?S f? (1) 9“0 ’
s2 | 190 | 080 | D 35 2 15 0.7
S 3 2 150 0.83 : 3o 780 ?3 | s 0.7
S 4 1810 | 0.8 18 o8 3o i R 0.7

* upper row-concentration in wt 9%,
D=0.2x10"% (cm?/sec)

lower row-concentration in at %
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Fig. 8. Relation between primary dendrite arm
spacings and [-m(1-k,)]'/2 in iron-base
alloys.
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Fig. 9. Relation between primary dendrite arm
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alloys.
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MR, I TIEESMEGRN X SR
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BIXESOEEE ST, OB ELTE, —KkR7
—LADHREERFETCOEERP IS IcHIKLT
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