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Abstract The present study was carried out to investigate the effect of zirconium addition to AL:Nb intermetallic on
the crystal structural modification and microstructural characterization of AL:Nb intermetallic. Elemental Al, Nb, Zr
powders and arc melted ALNbD and AlsZr intermetallic mixed powders were used as starting materials. MA was carried
out in an attritor rotated with 300 rpm for 20 hours. The behavior of MA between two starting materials was some-
what different in which the value of internal strain of the elemental powders was higher than that of the intermetallic
powder. The intermetallic powder was much more disintegrated during the MA processing. In the case of the elemen-
tal powders, AINb, phase were transformed to AI(Nb - Zr); as a result of ternary addition of Zr element. With the suc-
cessive heat treatment at 873 K for 2 hours, the AI(Nb - Zr), phase was transformed to more stable Al{Nb - Zr) phase.
This transformation was clearly confirmed by the identification of X-ray peak position shift. On the other hand, in the
case of the intermetallic powder, there was no evidence of phase transformation to other ternary intermetallic com-
pounds or amorphous phases, even in the case of additional heat treatment. However, nano-sized intermetallic with Al
sNband AlsZr were just well distributed instead of phase transformation.
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o2 st YAz #2¢ AZE 5 ok =
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ol9jzte] FHi¥l F55Fo £ AL(Nb-Zr) 9 &%
FEH|Z x=0, 0.2, 0.4, 0.6, 0.8, 1.00.2 WA 7]7)
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media+ 3/16” (4.8mm) stainless steel ballg AM8-34
o}, B3 Bato] Aqluje= FeE|E 80 : 1, Z ball 1.6kg
3 FEEY 208 & AstAeh. 71AH $E3 A7k 20
Azt 2 1Asle] AL(Nb-Zr,) E4e] Bgg A=z
ok, o] FAHGTE o)A 7R AAE FIE 8l
ARSIt Y =5 7)AY 3 44T ELEe]
At S-3E BAE7) s FAA A (PCA) & 2H|
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Table 1. Composition of Als(Nb,—.Zr,) as a function of x values; (a) elemental powder and (b) intermetallic powder.

Al(Nb:-.Zr,) X Composition(at.%) Allg) Nb(g) Zi(g)
AlNb 0 Al-25Nb 9.31 10.69 0
Al(Nbo sZr10.2) 0.2 Al-20Nb-5Zr 9.33 8.57 2.10
Al(Nby sZ10.4) 0.4 Al-15Nb-10Zr 9.35 6.44 421
Al(Nby Zrs.6) 0.6 Al-10Nb-15Zr 9.37 4.30 6.33
Al(Nbe 2Zro ¢) 0.8 Al-5Nb-20Zr 9.38 2.15 8.46
Al:Zr 1.0 Al-25Zr 9.40 0 10.60
(a)
AL(Nbi-,Zr) X Composition(at.%) ALNb(g) ALZr(g)
ALNb 0 Al-25Nb 20 0
AlL(Nbo sZr0 2) 0.2 Al-20Nb-5Zr 16.04 3.96
Ali(Nbq 6Zr0 +) 0.4 Al-15Nb-10Zr 12.05 7.95
Al(Nbo 4Zro.5) 0.6 Al-10Nb-15Zr 8.05 11.95
Al(Nbo 2Zro 5) 08 Al-5Nb-20Zr 403 15.97
AlZr 1.0 Al-257r 0 20

(b)



ol A4 -kl dEEEH

o)gul -

FEARYE ELE V1AA I3 ALNDL.Zr) $FY vAFEEAY 347

(a) elemental powder
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(c) in_teetﬁic pov;ae
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| (d) intermétallic powder
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Fig. 1. FE-SEM morphologies of mechanically alloyed Al(Nb,-.Zr.) elemental powder and intermetallic powder processed for 20 h ;
(a) Al(Nby sZro.4) of elemental powder, (b) Als(Nb iZr, ) of elemental powder, (c) AL{Nbe sZro ) of intermetallic powder and (d) Al

(Nbo iZr, s) of intermetallic powder.
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Fig. 2. Average particle size for AlL(Nb,..Zr.) elemental powder
and intermetallic powder as a function of composition.
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Fig. 8. X-ray diffraction patterns of AL(Nbi-.Zr.) elemental
powder after mechanical alloying for 20 h as a function of com-
position.
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Fig. 4. X-ray diffraction patterns of Al{Nb.-.Zr.) intermetallic
powder after mechanical alloying for 20 h as a function of com-
position.

22 Alzdd.

:L?d 32 AlL;(Nbi-Zr,) i"j-o‘] %‘!i%@"%‘ 300rpm-‘l]
AAEE R 20717 B V1A ekt F X-A 5AA)
3 ¥ B4 Aot} x=09 AlNb AU NbAl,
AlRe Ha7) Fa=Ee T, N gae #ad 4 g
d] o] Nbzt Al A 2&=e} & 2844 (pseudo
solid solution) & ¥A3F7] dFejH ol= 1A Ao
4] Als} Nbe} B3 8Abel] 23te] o]Fofxl Heo 2 rigl
T}, x7} 0.2~0.8 HlA= AN - Zr) AAS 238 5+
Aed, olE Zre T o 2N NbAlAedl Zreo] 145
o] AL(Nb - Zr), &§Zo 2 ArHe® Ao Az}, o
2L Ir Avlge] F7METE F, x3tel 37HE4E Nb,
Alde] AadHrt 234 olFd e Ao 2FEERE &

A% 4 AUoh(E 2 =), xgte] 12 %9 AlZr 240
Ae AlZrdst 3357 e AlF Zripe] EA)stn
At}

19 4= AL(Nb,-Zr) 249 ALND, AlZr 2473}
FHE £LE 300rpm e HASEE 2047 Sk 7| A §
3% FH X-A 429 & £4 Aol 2y B
+ uie} Zo] ALND, AlZr4t o]9jolle ojujgl o} 3y
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22wl qkAs}te] 2041271 %]2) MA input energy®
Ae AEL #3HE oIy v AAE S8 B33 3
F gl uA YAzvIR B s Y EgsEs
kg veldigleh =& (112) He) 3 Ha s 71AE Al
NS Bk ZAo] F4dd wal ALNDS] o=
AT E A48T, AlZrite H= A7 dga
F7¥8aL e},

E 2+ 3§ 33 29 49 X-4Al IAAY 24 P 2
2A493e] W2 ALND - Zr) A3t ALNbARS) 26gte) W
A=, 283 74 AF Y3 4t E cwsto U
Rl Aeojr}h. JgETR 7|AH FEsEle YAE Al
(Nb + Zr) & 24 s}ol] uj2} 26gke] 37.1404 36.45
2 AxA e R desEon 2 49 Aajs =¢ Ir ¢
Fo| 271A4E Zasty k. YEEY JHE F)AH
Fa3 & AS$ole AINDY 3§HEA e Zro] 1459
Al(Nb - Zr).2] SFEA HehE Ee Hede ¢ F
e}, Wbl arc melting® 47 H3EAo 2 F]AH
$E3t & A¥oles ALNDbo HFsle 26zk2] 9= HeY
< AY  glon =AW o E 2 S3tek ga
stz gleh.

a3 59 2§ 62 AL(Nb-Zr) 249 dsid)
ALND, AlZr & 20417 54t 71A1A 2381, X-
A 3EAYE F 2 A52%H o9 Hall-Williamson
HEAA)IDg o] L3)e] A4 Al ALND, AlZre] AAY
A7)9} WE-H YR el Ao},

2

Beos§ = % + 2esind

K= Scherrer constant (value = 0.94)
B=X-Al Az w1 F

0= Bragg angle

A=X-A 93 (CuK o)

e= Wiy}

Table 2. Variation of X-ray peak position(26) and intensities(I) for elemental powder and intermetallic powder with Zr

content.

x value of Al{(Nbi_.Zr,) 0 0.2 0.4 0.6 0.8 1.0
elemental powder 28 37.10 36.85 36.80 36.75 36.45 -
Al(ND - Zr), (410) Taiws - 70,/ Tamw, 1 - 0.96 0.61 0.61 -

intermetallic powder 26 39.15 39.20 39.25 39.20 39.25 -
ALNb (112) Taonnze)/ Lasnn 1 0.85 0.64 0.39 0.30 -
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Fig. 7. Transmission electron micrographs of AL{Nbs (Zro s) elemental powder after mechanical alloying for 20 h showing
(a) bright field image, (b) dark field image, (c) SAD pattern of matrix and (d) schematic ring pattern of (c).
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Fig. 8. Transmission electron micrographs of Al(Nbs Zrs ¢) intermetallic powder after mechanical alloying for 20h
showing (a) bright field image, (b) dark field image, (c) SAD pattern of matrix and (d) schematic ring pattern of (c).
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Table 3. Variation of X-ray peak position(26) and intensities(I) for elemental powder and intermetallic powder with Zr

content after heat treatment at 873 K for 2 h.

x value of Al{(Nbi-,Zr,) 0 0.2 0.4 0.6 0.8 1.0
elemental powder 260 39.25 | 3880 | 3860 | 3850 | 37.95 -
Al(Nb - Zr) (112) Taovm - Zr)/IALNb 1 0.75 0.76 0.45 0.69 -

ALNb 26 3925 | 3925 | 39.25 | 39.25 | 39.15 -

intermetallic (112) IA];Nb(x)*/ IAlbe 1 0.84 0.66 0.49 0.31 -
powder AlZr 26 - 38 3790 | 38.05 38 38
(114) Lz M - 0.20 0.39 0.51 0.93 1

ALND(x)*, Al;Zr(x)* ALNb, ALZr phase present in Al{(Nb,-.Zr,) intermetallic powder

Heat treated
MA elemental powder

® Al(Nb*Zr) @ ALND
Al Zr

Intensity(Arbitray Unit)

20 30 40 50 60 70 80 90
26(Degree)

Fig. 9. X-ray diffraction patterns of Al(Nb-.Zr,) elemental
powder mechanically alloyed for 20 h as a function of composi-
tion after heat treatment at 873 K for 2 h.
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Fig. 10. X-ray diffraction patterns of Al{(Nb._.Zr,) intermetal-
lic powder mechanically alloyed for 20 h as a function of compo-
sition after heat treatment at 873 K for 2 h.
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Fig. 11. Change of crystallite size and internal strain of AlL{(Nb
« Zr) in Al{Nb._.Zr,) elemental powder as a function of compo-
sition after heat treatment at 873 K for 2 h.

35
E Heat treated M A intermetallic powder ™ ALNb

30 ® AlZr
=
S’
@
S 284 . .
I S .
= 204 ° e T PIRTR,
=
]
v 154
)
-
O 104

5 T T T T

0.0 0.2 0.4 0.6 0.8 1.0
ALNb AL(Nb. Zr) ALZr
3 1-x x
@)

0.8
~ 07 Heat treated M A intermetallic powder
c\a ® AlZr
~ 0.6
=
‘s
= 0.5
- 1
g4
—
o
= 034
I
2 02 jl
e UETeeeee ? ------ R
-1 @ AR St SRR L |

0.1 -

0.0 T T T T

0.0 0.2 0.4 0.6 0.8 1.0
ALNDb AIJ(N bl_xzrx) AlZr

b)),

Fig. 12. Change of (a) crystallite size and (b) internal strain of
ALNDb and AlLZr in AlL(Nb,_.Zr.) intermetallic powder as a
function of composition after heat treatment at 873 K for 2 h.
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