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A Study on the Precipitates in Rapidly Solidified Al-(Fe, Ce)
Alloys by Analysis of X-Ray Diffraction
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Abstract

To obtain detailed information on the metastable and the equiltbrium phases in rapidly solidified Al- (Fe,Ce) alloys,
analysis of X-ray diffraction pattern has been carried out. It has been found that the metastable phase formed in
Al-Fe alloys including up to 6wt %Fe is AlgFe and the equilibrium phase is AlgFe. "Any X-ray diffraction peak
corresponding to the equilibrium phase Aly; Fe, has not been observed during aging.

In Al-4wt % Fe alloy, which is ribbon shape with thickness less than 70 #m, aged at 400°C for 1h after rapid
solidification, unidentified phase has been found.

In Al-4wt % Ce alloy, only X -ray diffraction peak corresponding to the equilibrium phase, Al,Ce has been observed.
It has been found that the metastable phase formed in Al-Fe-Ce alloys including up to 6 wt % Fe and 4 wt% Ce

is AlgFe and the equilibrium phases are Al;Fe and AlmCeFez.
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Table 1. Condition of rapid solidification process in
Al-(Fe,Ce) alloys

Nozzle |Roller Over Ribbon Ribbon
diameter|Velocity | Pressure | Width thickness
(am) | Crpm) | (kg/cni)| (mm) ( gm)
0.6-0.8 3000 0.3 0.8~1.5 40-~100
1.2-1.56 3000 0.3 1.0-3.5 70-130
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Fig.2. X-ray diffraction pattern in rapidly solidified

(45)

a) Al-4wt %Fe({70pm thickness),
b) Al-4wt %Fe(>100#m thickness)and
c) Al-6wt %Fe alloys
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Fig.3. X-ray diffraction pattern in rapidly solidified
Al-6wt %Fe alloy aged at (2)350C, 1h (b)4007C,
1h and (c¢) 5007C, 1h.
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Table 2. X-ray diffraction data of Als Fe phase.
Calculated data are based on an orthorhombic

unit cell with lattice parameter,

= (0.646- 4nm, b= 0.7440nm, c= 0.877%nm.

bkl d cal 20 cal 28 obs d obs 1 obs
(nm) €9 % ( nm )

110 0.4879 18.16 18.2 0.4870 S
0021 0.4389 20.21 20.1 0.4414| M
1117 0.4265 20.80 20 .7 0.4287 | VW
0201 0.3720 23 .90 24.0 0.3678| M
112 0.3263 27.30 27.3 0.3263 | MS
2001 0.3232 27.57 27.6 0.3198| W
201 ] 0.3033 29 .42 29 .4 0.3035| W
022 0.2838 31.49 - - -
2024 0.2603 34 .42 34 .4 0.2605 | W
113 0.2509 35.75 35.8 0.2506 | M
220| 0.2439 36.82 - - -
221} 0.2350 38.26 ? ?

130 | 0.2315| 38.87 ? V4

131 0.2238 40 .26 40.3 0.2236 | VS
004( 0.2194 41.10 41.0 0.2199 | W
203 0.2196 41.601 41.5 0.2174} M
222 0.2133 42.33 42 .3 0.2135 | VS
310 0.2069 43.71 43.6 0.2074 1 S
311} 0.2104 | 44.97 ? ? ?
024 0.1890 48.10 48.1 0.1890 | VVW
223 0.1874 48 .53 48.5 0.1875 | VVW
133} 0.1816 50.19 50 .3 0.1812 | VW
042 0.1713 53 .44 -

cal :calculated, obs : observed

S:Strong, MS {Medium Strong, VS:Very Storng
M :Medium, W :Weak, VW: Very Weak,

VVW : Very Very Weak
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Fig.4. X-ray diffraction pattern in rapidly solidified
Al-dwt %BFe alloy ({70#m thickness) aged at
(a) 400C 1h (b)450%C, 1h and (c) 500,
1h.

Table 3. X-ray diffraction data of AlglFe, and AlgFe phases. Reference data adapted from ASTM
card No, 29-42 and No. 2-1213.

Al ,; Fe, Al, Fe ~(Observed Phase
1 ref d ref 260 cal | ref d ref 26 cal | obs d obs | 20 obs
(nm) | (C°) (nm ) ) (nm) | C°)
100 0.210 43.03 100 0.2090 43.18 VS 0.2087 43.3
90 0.201 44.13 - -
80 0.204 44.36 100 0.2041 44,36 VS 0.2034 44.5
60 0.203 44.59
60 0.202 44 .82 1aQ 0.2024 44. 88 ? ? ?
60 0.3687 24. 16 0.3670 24 .3
50 0.355 25.06 60 0.3547 25.13 MW 0.3528 25.3
60 0.1450 64.17 - - -
60 0.1430 65.18 - - -
50 0.200 45.06 ? ? ?
40 0.4050 21.92 M 0.4037 22.0
40 0.396 22.43 40 0.3951 22.48 MW 0.3939 22.6
ref : reference, cal : calculated, obs : observed

- : not observed

? : not detected by overlapping with diffraction
peak corresponding tc (111) and (200) of Al matrix

VS : Very Strong ,

M : Medium,

C47)

MW : Medium Weak,
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Table 4. X-ray diffraction data of Al,Ce phase. Refe-
rence data adapted from ASTM card No. 19-6.

Arbitrary Intensity

'h hk 1|1 ref 2;:1; (20§ 2? Sl;s (éncrzs) ! obs
- A1{200)  AlL(111) . 002 35 [0.503 17.61¢4 17.70{ 0.501 I M
101,031 75 10.400 22.20 {22.2 | 0.400 { S
110 25 | 0.308 28.96 | 29.0 | 0.3076 | M
103,®83 95 | 0.2660 | 33.66 | 33.8 | 0.2643}VS
132,141 100 | 0.2582 | 34.71 |34.2 | 0.2619|VS
004,051 40 | 0.2514{ 35.68 | 35.8 | 0.2506 |[MW
123 10 | 0.2466 } 36.40 | 36.5 | 0.2459| W
200 20 | 0.2191 | 41.06 | 41.2 | 0.2189 {MW
060 20 0.2170{ 41.46 | 41.7 | 0.2176( W
202 10 | 0.1991] 45.51 | 45.6 | 0.1987| W
222,231 10 | 0.1924 | 47.19] 47.3 | 0.1920| W
161 10 { 0.1911 | 47.53 | 47.6 | 0.1908|W,b
105,035 40 | 0.1829 | 49.81 | 50.0 | 0.1822{ MW
233,163 40 | 0.1865) 54.40| 54.4 | 0.1682|W,b

ref . reference, obs @ observed
S :Strong, MW : Medium Weak, VS: Very Strong

o . .
WW | M: Medium, W :Weak,
1

~ 45 40 35 30 25 210 ]
1 | 1 | 1
20 (Diffraction angle) Fig62 HW-311¥ Al-6wt % Fe-4wt Ce(a) 2 Al-
3wt % Fe-4wt %Ce(b) SrHAIHE 400TCo A 1h Al
Fig.5. X-ray diffraction pattern in {(a) rapidly solidi- &8 799 X-434d pattend LhERA Flolt}. Al-
fied Al - 4wt %Ce alloy aged at (b) 3007C, 6wt % Fe-dwt % CeS+F A Bl Ve 34 peak
1h {c) 400°C, 1h and (d)500C, 1h. o] ZEE Al-3wt%Fe--dwt %Ce FEAIRO H]E)
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Fig.6. X-ray diffraction pattern in rapidly soliditied
(2) Al-6wt % Fe-dwt %Ce and (b) Al-3wt %
Fe-4wt %Ce alloys aged at 4007C, 1h.
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Table 5. X-ray diffraction data of AlCeFe, phase.
Calculated data are based on an orthorhombic

unit cell with lattice parameter, a==0.894nm,

b=1.022nm, ¢=0.906nm

hkl | dcal 26 cal | 26 obs | d obs | obs
(nm) - | (°) (°) | (nm)

021 | 0.4444 | 19.96 20.0 0.4435 M
112 | 0.3756 | 23.66 23.7 0.3751 M
31 | 031as | 21i0s | 780 | 0:3180 | MS
131 0.2998 | 29.77 29.8 0.2995 W
113 | 0.2755 | 32.47 32.5 0.2740 W
311 { 0.2727 | 32.81 32.7 0.2736 W
320 | 0.2580 | 34.74 34.6 0.2575 S
140 | 0.2450 | 36.64 37.0 0.2420 MS
223 | 0.2246 | 40.11 39.9 G.2259 MS
400 | 0.2235 | 40.31 40.1 0.2240 VS
042 | 0.2225 40.‘50 40.5 0.2220 S
401 | 0.2169 | 41,78 41.9 0.2184 W
cal :calculated, obs : observed

S o Strong, MS : Medium Strong

VS ! Very Strong,
W . Weak .
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