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A Study on Cooling Rate and Dendrite Arm Spacing of
Gas Atomized Alg,;misch metalg;Ni,, Powder

Ji-Hun Kim, Byung-Joon Ye and Young-Hawn Kim*

Abstract

The present work is an attempt to evaluate the relationship between dendrite arm spacing and average cooling rate in gas-
atomized Alg,;misch metals;Ni,, powder by means of the following methods. One is calculation of heat transfer coefficient
and average cooling rate, which are derived from estimated particle velocity during gas-atomization. The other is
measurement of secondary dendrite arm spacing, which are observed on the particle surface. Then, we make experimental
equation for this relationship in case of permanent mold casting and compare it with similar equation in case of rapidly
solidified powder. Both average cooling rates and solidification rates are considered to represent the variance of dendrite
arm spacings in two types soidification route. Even though there is a considerable difference in each average cooling rate,
the dendrite arm spacing values are similar in two cases; particle diameter, 100 um, and casting width, 2.05 mm. It is
because that each solidification route has similar solidification rate. (Received October 7, 1998)
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Table 1. Chemical composition and other characteristics of Alg;;Mmg;Ni,, alloy

Alloy type ICP analyzed composition [at%] Density | Mole | T ~Ts | Latent heat
Al Mm Ni | [g/em’] | weight | [K] | AH [J/mol]
Ce La Nd Pr Fe (g/mol]
Atomized powder 87.3 8.3 39 2.6 1.4 0.3 0.1 4.4 3.304 37.6 | 955.6 7025
Metal mold casting | 874 8.1 4.3 2.0 1.3 04 0.1 45 3.300 374 ggg,g
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Fig. 1. Microstructures of as-cast Al,;Mmg;Niy, alloy. Thermal
history during solidification was measured in part of
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Fig. 2. X-ray diffraction analysis of as-cast Alg,;Mmg;Ni,,
alloy.
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Table 2. Variation of dedrite arm spacing, heat transfer coef-

ficient, and average cooling rate with particle  di-
ameters
Particle | S. D. A. S. Heat transfer Average
diameter [Um] coefficient cooling rate
d [um] h [J/sm’K] [K/s]
32 1.3+03 | 44x10°~33x10° | 6.62x10°
39 1.23+0.27 | 3.7x10°~2.7x10° | 3.87x10*
61 1.744+0.22 | 24x10°~1.7x10° | 1.67x10°
86 2.14+0.14 | 1.7x10~1.2x10* | 8.74x 10’
100 | 2244029 | 1.4%x10°~98%10* | 645%x10°
155 | 2.42+0.55 | 8.7x10°~6.0x10* | 2.17x10°
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-62- 7hmobEotol R Alpamisch metaly;Niye 228 WAEES 214 712 A6l B 72
10 a=30.3, n=1/3
s logY =(8.4240.10) +( -2.16+0.09) log X 10° a=10.2, n=0.2
g b in assuming, Y=aXx"*
g N — 3=16.3, n=0.24
£ ™ %_ 10’ in gas-atomized powders
e , ~ 1
s 10 . )
§ ‘\-.“‘ <'
o =] 100 -----
o .
w» F T
g 10° ] -]
< log Y =( 5.97 £ 0.20 ) +( -1.19+0,08) log X 8=38.1, n=0.5
- in metal mold casting
o' 10
FArWWETE a2 aaaasl ey 331l -
10° 10’ 10° 10° 10* 10' 10° 10°
L [m] : d/6 & wi2 Average cooling rate [K/s]
Fig. 12. Relationship between average cooling rate and Fig. 13. Relationship between secondary dendrite arm spacing

system dimension (heat flow direction) in as-cast
and gas-atomized Alg,;Mm,,Ni,, alloy.
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and average cooling rate in as-cast and gas-atomized
Alg, ;Mmg;Ni, 4 alloy.

A 2D Ao G2 235 el AR 5
=z 5k, AE3 e Wi e =54 975 &3
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SAA 8] LA L] o] F-HE 3 TAH
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v: /YA o) 5 x,
a: 1247F A=,

B: B AAH=1),

Dp: HAike] E41A 4,
R: o] 471 A A<,

AT: Tyu-T

Al(10)y2- Aol H¥ ++5Y(driving force,
(AHAT/Tva)) 3tel|lA] 31/ AlHo] A3 ol %
(mobility)5 714 wle] T uAH ol ELE(v, mis)yE
F33laglon, o] HXM FEFHo| & FHfol=
A (A2 2AFA Al S E N s1Ake
7o) AsgE = A5 wAlE 2 i 7l
g 34 N2 aAbHe| QA Eo Aol SHY A
A} vl (lateral growth mode)y2- W=+ 7o &E -3}
3 glet o] AE oA R[S AA = AApel] 2FHA
o F7kel R4k 7ER] Alol o] Aol jEAdl] A -§-
A RH, 52|44 o] A} FER| 7o Zbzt 2.18 ume} 2.24
umE A% 3 84 5 2.05 mmgl ¥-E3} A
74 100 um Fdel|A2] /Y A o] F& T+ Table
33} 7k, Table 39| -7 A|Fol|A] EHo] 36u) 2 Y7}
L5 5 7EX| 3, o] & Helgle} S A Al A
Il o] zjol7} E2HF Zlo|rt. A7 100 pum F-2
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diagram © 2 H-e} FAZE 3 JJALE7} 886 K=
(Fig. 11(b)) = 17} ¢ 70 Kolt}. 12|51 FZA)
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ol o]F Alel FAIE LA HeHE Yehyon.
7| 2 HS250) log(Hi<E =) did] 244
o AAE 7R AL o] &3 A RH, T
2.05 mm %2 27 NAXEE 926.5Ke] 2 29.1K
o] FP=F BTt Fig. 1404 vHepd Ael|A] ¢4t
o] 4~ K9 2XHA7E EA%ke}. Al(10)o]] mE
SREEE 2GS FANET Al T2 Ced| 4t
Alg7t Ale]vt Niell vls)| Ao 22HdE 78
8tod, Ce UxFe] AAITE I3 AT A, B
240 A= & P o] 2 AHol TS A 5
< AR, FAHAlG] zEAag wwiglol 3/ A
o]l Z4% 7}l 33Xx10° mise g AALEIY A, FZ2A)9
Aol FEE 226X 10° m/sol] vl 1.58) Ax =9
o} ey o|u =] HAA|GE bl 9] Zhel =
2 AA AR Al 488 77 AASEE A4Es] 3
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Table 3. Comparison of secondary dendrite arm spacing and solidification rate in two types of casting specimen

Specimen 100 um dia. Metal mold casting
particle 2.05 mm width
Dimension on heat flow direction, L [m] 16.7x107° 1.03x107°
Average cooling rate, [K/s] 6.45 x 10° 1.78 x 10
S. D. A. S. [um] 2.24+0.29 2.18+0.39
Solidification onset temperature [K] 886 926.5
Undercooling, AT [K] 69.6 29.1
Diffusion Ce in D,=19x107° 8.59x 107" 147x107%
coefficient, D Al Q =9.07 x 10* [J/mol]
[m’/s] Al in D,=17x10"" 7.22x 107 1.68 x 1072
Al Q=1.42x10° [J/mol]
Eq. (11), (9a) 1.25x 107" 4.65x 107"
Solidification rate, v [m/s] with D, = Dg, 3.295%x107° 2.26x%x10°°
with D, =D, 2.67%x107* 2.48x107¢
with Eq. (11) 478 x 107 7.14x 107
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Fig. 14. Relationship between average cooling rate and solidi-
fication onset temperature in as-cast Alg;Mmg;Ni,,
alloy.
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