= F] $=ARHA
Korean Journal of Materials Research
Vol. 13, No. 9 (2003)

F ALL A2 A4F S503AE9
2148 gask 3FAM e A= A4

ofy

Fsta AaAFeF =rlsdT4

Determination of the Degree of Alloying by Detection of
Residual Ferromagnetic Elements for Intermetallic
Alloys Processed by Mechanical Alloying
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Abstract Mechanical alloying(MA) process using elemental powders followed by hot pressing has been applied
to some intermetallic alloy system containing ferromagnetic elements, such as NiAl and FeSi;. A modified
thermogravimetric analysis (TGA) technique was used to investigate the degree of alloying in milled powders
and hot consolidated specimens as well as heat-treated bulk specimens. It is shown that the measurement of
Curie temperatures in MA intermetallic powders and consolidated specimens containing ferromagnetic
components, when determined as a function of milling and heat treatment parameters, can give some insight

into the progress and mechanism of alloying.

Key words mechanical alloying, TGA, degree of alloving, intermetallics

1. M =

71A1A 33K Mechanical alloying; MAYE AE A<
o oairE ol SHA 229 FaAEY
st mAEA Az 2 E3E 59 Azl &

L3 EE3 7¢24],'Y A2dE NiAl Ni;Al, AlZr
9 TAl 59 F£5783EY T4 2 Az AFHe
2 853 ot A g 3P 59 2o

Bz

L

YA oje2lEE ol 8gs, 7]

2 s s 39wl

qoz T wEkel ¥
b 2ol o3 a5t
o} Fo T LA °‘D‘r“’ 71AA sk 2719
M E-2E-E2 A4Sl 23t W7+ el sl
AoET EFAY %‘%‘Qﬂ BRI, S
M= = J
AA HL, 517“ Dhﬂ
AL )5 mAl
a3t 3NA, F
"J»‘é%‘ﬁ«l 77} “H—r &}0}?@] F e B 2x
AME kg dor)rlo FET &2 7ge e
=) Ae FuA FAZ wdd o gkt

T
e

i

aLE P
e T

*E-Mail : scur@chungju.ac kr

561

GHA Yok w3 01
011*191 i = 2

w3}
£9] NiAlY] 71414 $ X-Al Wé Moﬂ A
NiAl®] 242} #1327+ 29 6}71 Hﬂ o FF7E Al
23, AZE AAES] H3VF Y ol HolA] FE o
FFE SEHE Ao PolEAqA L gk a9
BT, NiAle] 71A1d &ast 404 XA 3
AR A3, st g85E 2oz HojAe WY 3
of EdollAl oF7he] ZHFAA ] HEHI oH, o
Ni, Ni 28, =& <539 Fe 59 5}

= AR Y & k) uiFo) T, 7
Jﬁ}ﬂ s 79%EHE giv-Ee
3l7}h o] Fofx
w37t 4 4
L= 1= R8O
¥ oofygt m

s
a-

\

. R

I

N

f
:|m
O

pad

¥ 32 Fll‘ 401

B

jas

—4“-1
A O
=2 o

Mo do

e
4
@t 3O o o

2
S
i)

g

T
T
9
0
a
29

4

('.1\3
b
fr



562

Z1ztel it el
(To)d] 5 &= W
Sest JAYARE é
A, B AgollAe Z}*
9] 71AA a3l &
ANAx e EFHF E—éﬂ(TGA)% 33 7
E7F BY AF, A AFY AjHo ﬂ]sﬁ 25
A HEE SAste FelRE gl o9
T3 g FAIAC

1_

rr l‘\(‘

f

2. Ay 4y

NiAl, FeSi, 25731 39S 93l sstdeEd &
go] HEE £ 99.9%, +325-200 mesh®] Ni, &%
99.9%, -325mesh®} Al, €% 99.9%, -325 mesh®] Fe,
5% 99.9%, -200 meshe] Si 2S¢ FHlsly 2L A}
83t g3 EFIATE FeSi, TFETE E*%
AL Fosl7] A8t 0.2at.%2 99.9% 22 Co
g &gttt &8 BT Szegavari typed] Loy
A AEZHE AM-E] Ar £997) stllA 7)AA e
FAL NiAle] A9 T2A17F, FeSi,o 4% 12047}
b AAEGIT Y4 B %}%‘%k% 100 g &2 8t

5mme] 2H[ QA AEES AR5 o B
o] FAME 20:12 4tk 71AH g2
Hagddre] Ad5E g d3s
—sm Ak, 271 F AR AHF
T2 o3 Wrhaadh 71A8
o] &3} 300°Cel|lA 24]
Z_]_'?}'Z Tr= o:}7].o]—7-
2 800°C,

f?_ steel can®i]
1127°ColA 16: 14 Hl%i }213} NiAl

ZHEL U3 25 eme] 9534 = =9 o
AME-3HS 50ton %"Jiﬁﬂ""ﬂ/ﬂ AAEg o, &
60 MPa, £+ 1050°CE 2A)7F 59 A 15}351@
eSi, = 1100"C°ﬂ/~1 60 MPaZ 4A]7F Fot A7t
AA B g £0]7] 98 SiCe BN &R
2 tho] W54 plunger ¥ HAXE =X oH, 34
ol AskE A7 st A= Ar 7t F
A 7Het, 7HE S et

._‘

H
w

[}
1l

SAEN)
=) IUZ

ol

W}

o8 off o o b o Lo
%zﬁi‘wa
i
il
Jp,lv
O

[«0
o
£

A=
-

H b IR O fo o X fo ol B N oo MR o}nm_
'T]

o (&t rlo mlm mR

Fasivt WY A FpAY, E " FEo] #5243t
FE Bulol} Ao vjEo R AR A EAH X-
A BAE AP E FESH] o2 SRR, B AN

L

T

A7) st e] Q= —E’—@.(TGA)%

Aollre £, G7H4 o o
& Ni, Fe 59 X}*é% *év‘il aLE(Tc)E ZA}
3L, o] LxoAe] A WIE AEs TS Hx
£ AT A dae AR StelA FERE o
oz 7142 A, €5 FAAEA FHANA T
g A Wb S Roly, o] BA ¥eE2 AF

o

m}&

A 48] ol
212 A28t Perkin-Elmer TGA (model TSG-2)E

31 3L, AFEQAHEX] (data acquisition system)E

HEg Zolck B 48E 99 974
A8

233}

|

o8 S A sHth AgdMe e 8.5mg W
Folvt H& g FAld ¥o Ar £9171¢ A7)

=44

sollA] dFF 4719 AR s 2 4
Ao el FAMIIE FAEHT ZAF Ni 948
=4 6}71 98l 20°C/min®] £E& 600°C7HA 53+

Yo, 7F Fe 948 343 Asire 800°C
v}xl_ 60°C/min®] £=2, o] Z 1100°C7H4]= 3°C/min

2 st FaAas g8y 98, 2o e

J}Lo?,ii&.&

Z <4 Nizh §Fshd 48 NiAl BT 5 24
= W3t
3. €z 9 ¥
A2 FE7H8EHE NiAlF FeSi,# 22 7| A&

Az 2y T ZF vjAE 22
Ei}?“ FEBNA tha BlojWdA T e 1% olWie <t
A<l 92 WYE Vel Hwang, Nash 59 H
o) w29, NiAld TiAl 59 714138 33t 239
A%, DY Az wWE XA IEEAN A}, i 37

A7) WY F 247 HVE 244 937} 2889
Fasl AT, 1047 FEe) 22 Fole 94 T
27} 93] A7) Bl TF} SaEe Qe

FR&AT 2y XA AANY A3 gFsr &
BE¥ A0 Wz NiAl B GFaL 7i7to]
tloj i, ekshunt Aol wkg-3lal glom, 79y &
e ofg §hgo] %10121—“41 ol U¥H 98 Fo=
oFzhel mieAd §Esl Rio| FFIe Ao MY &
ATt

71AA a3t 2 dFste v A4

22(Toyg 4357 98 A% gollM e €5%
A AAIBIGT AAdhAE A dlolr] FERw 01
Jo2 7tEE A9, E5F BAANEA FeFelM T
13k FA Wsvt 9l AolaL, o] A ¥stEe XJ
Aae] ool vHE a* It} ¥l AEEA &

2 75mgel di3 @FFEdS 60()°C77P<] |

16}"510111 o A3} Fig. 19 »}Ehir uke}l zho] Fe)i
ANA FH3A FAZE Wslste AE & F AT o
AFo 2 HE FULEE 358°CE RAMEHJY o, F1E
Aol vebd Nigl Fal 2591 354°C9 fALS AAE
B3 gloh Fig. 1914 A A Ale]2¢] 52344
oA 271l FAZAE el o, W2t & ArtE
AollMe vehA goked, ol #7144 BF 7k T

5

]_

g
L=Fh
*é

_4

o] o] 7]olah Ao AL HC WAt ZolA B
AAE FYLE olFele HAHA BAPLE A

374
2
A5 AYEA) POoHE FHYLE

& (magnetic susceptibility)®] Z7}o] &8k Aoz
Hoh T3 Fig. 10 Uephdupel Zho] 489 ¢bd
3}¥ NiAl £42

=T,



A% AJAL A0 918 FE03B) AAR B TN Bt A= B 563
N FAMSIE ZAHA guth 900 25E+00
AAE GIHE NAL 22 QoM BT T A o] O 2
AYars Ni B 98 AR 2HAYA B2 RE ool 20800 §
Edpickupd # € Fe 58 § F YW, o2 X | T ;
FAAS QARE 2ABP] SAste] AA4 gEsE @ p ¢
NiAl £2g 7t Alo|xd2 RBFsle] &% Ni #4291 & % oEv00 E 8
e 600°C7HA], 18| AF Fedl £42 HsiMe 4001 /e qual arons - %
0SCHA LENAZ BFF B4E ANGATE Fig  wol N oo s BoEot 2
2 -450+500 mesh BZollH A A=A, 600°C7H o AN DY
X] %%Q‘ EH 3580C°ﬂ}‘1 Eﬁgﬁ\‘cﬂ- 73_01%57]' L]-E]—k,}l:]— 0 800 1000 15(;E)im2e0(():e02)500 3000 3500 4000
el Niol Ale]l 2§42 A% FELwst A A% 000 £0E+00
317] W&o, 239 o] FYLEE K5 Az ool lasE+00
Nie Aol $58 dele Hoz HHT & Yok W orros 3
Rolgode o] 2& WoleEsl o ol ehba & ) Nt J IR |
gom, ol F Ni 427} 600°Ce] L= wZo] o € 6 oo B B
& a3t WEoR Holilth 5 5004 g3
Shewmon'®%0] AT W) ols) FEH BEAAITHE0 4001 e é
T"i‘) F919] NiAl ZF 947 828 E gz A 3001 Diffusivity Curve 1.0E+00 é
AskAck. SEFE NiAlel B4 AR V2 RE, YA 05
200 6E-28

g AT SR Q) = 157.9 kI/mol, YAZAE

kil

94 heating ——
- cocling Alloyed NiAt

8
g2 ;] Pure Ni powder
E

5

4]

34 —— 2nd heating & cooling

100 200 300 40 500 600
Temperature (°C)

< -

Fig. 1. TGA plots under magnetic field for pure Ni powder and
alloyed Nial.
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Fig. 2. TGA plots for as-milled NiAl powder (-450 mesh) and
consolidated MA NiAl, heated to 600°C.
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Fig. 3. Diffusivity curves of MA NiAl during TGA;
(a)boundary diffusion and (b)volume diffusion.
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Fig. 4. XRD patterns of MA NiAl powders.
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Table 1. Calculated residual Ni on heating to 600°C.
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Fig. 5. Residual Ni content as a function of average particle
size, data from Table 1 and 2.
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Powder-325 Powder-325

Specimen Prellia?lAC)lyed E);It?;ied Powrillzrs-;;SZS mesh+450 mesh+450 POV:::;SOO
mesh mesh
Initial weight (mg) 8.810 8.412 8.281 8.429 8.375 8.792
AW}, on heating (mg) 0 0 0.198 0.145 0.077 0.074
AW, on cooling (mg) 0 0 0.107 0.029 0 0
% of residual Ni on heating 0 0 5.120 3.680 1.970 1.801
% of residual Ni on cooling 0 0 2.765 0.736 0 0
Table 2. Calculated residual Ni on heating to 925°C and holding 20 minutes.
Particle Size + 325 mesh -325+450 mesh -450+500 mesh -500 mesh
Initial wt. (mg) 8.288 8.540 8.073 8.135
AW by oxidation (mg) 1.045 0.877 1.021 0.990
AW, on heating (mg) 0.209 0.144 0.090 0.072
AW, on cooling (mg) 0.291 0.188 0.209 0.198
% of residual Ni on heating 5.400 3.608 2.390 1.894
% of residual Ni on cooling 7.514 4711 5.540 5209
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Fig. 6. TGA plot for -450 mesh NiAl powder heated to 925°C
with holding period of 20 minutes.
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specimen.
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