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Table 1. Synthesis methods of nano-sized powders.

Type Method Materials References
. T102, Zl'Oz, A1203, Y203, Sn02, ZnO, F6203, .
Gas evaporation Cu-Zn, Fe. Ni [2-9]
Sputtering Co, Ag, Fe, Cu [5,10,11]
Vacuum evaporation CdS, Co, Al [12]
. . ODS-superalloy, CuZr, AuTi, FeTi, CuTi,
Physical methods Mechanical alloying a1 Tial, CuFe, Al (13-15]
Milling hlgh energy reaction TiC, Si;Ny/SiC, VC (16.17]
milling
cryomilling M50, AION, FeAl [18,19]
Arc-discharge Ni, Fe, Co [20-22]
Cryomelting Al, Fe, Cu [23]
Coprecipitation Z10,-Y,04, BaTiO; [24]
Sol-gel TiO,, Si0,, Zr0,, BaTiOs;, Al,O3, Y,0 25-28
Chemical methods ° geh ) ! 2 ]CZO iO 3 AP 1273 [ ]
(Liquid Phase) Hydrotherm: _ BaTiO3, Ce0,-Z10O, [29,30]
Thermal decomposition of Pt, Pd, AwPd, AwPt, Fe, Ni, Ag. ZtO, (31,32]
organometallic compounds
Aerosol process TiO,, Si0,, SnO, [33,34]
Chemical methods Vapor-phase hydrolysis TiO,, Si0,, Al,O4 [35,36]
(Vapor phase)  Chemical vapor deposition SiC, SisNy, MgO, TiO, [37,38]
Chemical vapor condensation Zr0,, TiO,, Si0,, AlyO5 {39]
Mechanochemical  ypo 1.2 ochemical Fe, Cu [40,41]
methods
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Fig. 1. Schematic illustration of arc-discharge method.
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Table 2. Comparison of saturation magnetization (3;), remanent magnetization (,), and coercivity (H,) in encapsulated

nanocrystalline and bulk Ni??.

T (K) M, (emu/g) M, (emu/g) H. (Oe) d (size)
Graphitically encapsulated Ni nanocrystals 300 43740 0.86£0.08 15 18.2£9.2 nm
Bulk Ni 300 55 2.7 100 2-3 um
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Table 3. Appearance of metastable phases in the nano-powders and critical particle diameter for formation of the

metastable phases.

Material Density(g/cm3) & Phase Volume shrinkage (%)  Critical particle diameter (nm)
Metastable phase Stable phase
Al 04 3.67 (Gamma) 3.99 (Alpha) -8 ?
TiO, 3.83 (Anatase) 4.24 (Rutile) - 10 ?
Zr0, 6.27 (Tetragonal) 5.56 Monoclinic) + 13 30
HfO, 10'01( gg’;ﬁ""a‘) 9.61 (Monoclinic) +4 75

*Very sensitive to the presence of impurities

Journal of Korean Powder Metallurgy Institute



deraadel 34 9 ¢4 7

Table 4. Application fields of nano-powders.

Type Applications Materials
Abrasive(General abrasives, chemical mechanical planarization(CMP), Al O3, SiO,, Fe,03, CeO,, Cr,0;,
optical polishing) MnO,, SnO,

Powder Flocculant Fe,03, AlL,O4
Antisettling reagents Si0,
Automobile air bag propellant Fe,04
Filler Rubbers, plastics, ceramics, metals Sl’a;'loz’ TiOg, SIC, Y303, zeolite,
Dispersion Magnetic Ferrofluids Fe,04

Electronic Semiconductor CdS, PbS, CdSe, Si-CdSe
Cosmetics Sunscreen, moisturizer, lipstick, foundation, Fe 03, TiO,, ZnO
Pigment General, automotive, paste Fe,0;, TiO,, mica, Ag, Pd
General, redox, photocatalytic, synthesis(H,/NHs/ TiO,, Sn0O,, ZnO, Fe,05, Pd, Pt,
Catalyst Ethanol) Cu, Ni
Electromagnetic Microwave absorbing, radar absorbing, UV protecting Fe,O3, cermets, TiO,, ZnO
Magnetic High-density recording, color' imaging,.h.igh-energy Fe,0; coated with Co or CoFe,
] product permanent magnet, high sensitivity read head Nd-Fe-B, Cu/Co alloys
Coating . Display(CRT & Panel), optical switch, fluorescent, data ZnO, TiO,, TbyO5, NiAl oxide
Optical storage, reflectors for incandescent lamps cermets, chalcogenide semiconductors
Mechanical Wear-resistant, powder coating NiAl oxide cermets, ZnO
Chemical Corrosion-resistant NbAI oxide cermets
Heat-resistant Thermal barrier coating, fire retardng Zr0Oy, Zr0,-Y,03, Sn0,, Sby03
Biological Antifungicide Zn0O .
Porous bulks Sensors, filters, templates Sn0,, TiO,, Zn0,, Al,0O3, SiO,
Bulk ZrO;, TiO,, Aly03, ZnO, InSnO,,

Dense bulks

Net shaped ceramic parts, cutting tools, electronic parts

BaTiO3
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Table 5. CMP A% % (Datarequest(1999), ©$} : W 2tg)),

CMP application 1998 1999 2000 2001 2002 2003 2004
Oxide dielectric 360 411 455 441 392 328 267
Low K dielectric - 16 41 171 235 311 362
STI 25 48 83 128 157 173 171
Passivation layer 13 24 41 71 94 121 133
Polysilicon 6 24 52 99 110 121 152
Tungsten 215 234 258 298 282 276 248
Dual damascene 13 48 103 213 298 397 571

Total 632 806 1,033 1,421 1,567 1,727 1,904
£ E0), WA F5 =9, AS A% 3=, 2} deegade] A9 ARINE wol ] o

S4 =9, B9 =9, ek e =9, o
#F 29 5 S8t T8 Ut

oP7HA] vhe g A3t AU =
(bulk) Hef 2 ARSI 7= BA o+ We2A
H e FAIslEA AAUIE G Aol
Bol3A] 97 wieldt. SRALAE 8= FA)
Ue AM, 9H, S8 A F R AEs
ojp] |2 FoellM AMEHI giet. I7)FA AlA,
g AE FE Y okl v Al
T87} wE SE2 FURIAL QlolM vheEEs o
4T SgAA e 8] g Arfelot. v
o] SAF-HelA Adwslaise] vhedd A¥A Y <
AL oA 7] ¢omE A 2l
AL 2N F W Aol TR A A
b A AXNEL SIS E EAH 8 AREIE A
o] BasA] bt gl

6. Wsgt

el E vaedl] F dgonde] S &
gk Rololr}, B2 1981~1986 Alolel] ERATO
(Exploratory Research for Advanced Technology
Program)®] 32 ZuAEZ  dF(Ultra-Fine
Particle Research)E- <=3§3 v} i}, wl=2] Iz}
FADFINSF7F =i AdH Aale s
F422 3 zu|AEd F8(Ultrafine Particle
EngineeringyS A|3}3ic}. 2000458 EA3EE
U] rle sl QoM E vl wF
o] I 1 FME Vi ud #Ad 7} @
< Hor},
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2] 79 Nanophase Technologies Corporation,
Nanotechnologies 59| WA 7S] AAsln gle
= 2] YgelME M7 AT, YA (ANP) 5
o] WA Sl AHAA ek 22 SREE Al
QA olX7kA] AHEEl A3k R3t Adu
A AHAH 2= Al YDA 2 Holof & oo}
Ceite] B Zbe Aol B3l oA A
Al AEEA F3L Sl ol AAE AAIA A
A7) FE3P] Wield, EAE vt Tg &
Sk 243 FsEE A7) g

< E 7 ook v AIEE ke gl
71ed RS2 7k A ARlE S5 Adw

o],

gl B AAZA B0 ohler St 2
& F5HS 2T QoI F1eRRL A Heka
g 4 ok 2@ Ael7) AT A2l 4T
she 719l ehda glom] F ARl Bl 43
S 714ES FAH Sold Aeleh vhedua
e AL vheBaeld B ) FEEe
aeasl BRG] AR AR wAE sz
292) Ao] a7 Rl el vk Fa% ¥
ofolet. meb Togt Hobe] W MErhEe] vhe
s} W 7o) B0 A Bt e
B vherlge] ag%el S AT A4S
F502 4 Sl FHATAA F50) Basie)
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