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ot McLaughlin® 100 P|Z& o]ate] wAlg 181919 wt]o]& ALE-
sto] 2 AIRE <ol Algte yeige Ax7L beds BAFA
. 585 =o7] e F 7HA FF9 219 HHoE A
& ozt stk d™e] Uil oA BES AFE o 277t fE
ntolE ARSSAY A&AAe 77 e rdolE 4 9
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McLaughlin® Dx©] 33 W=HEl9] IEREE Zte Ha A7 22
Uer g At YxeiEEs et o 2 A27]9 wtjojs}
2=Ado] eI 9lojA Dyol 10 WherlE AEel Bdo) Az7}
7Fsstelet 7l Enh

Stirred media mill WHE ]3] ALTo|ES 33 Yxr|E F7]9
F2ol= AAE B8tk McLaughlin®] A4t w2w 33 Yien|E
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29 grol @ S AL vk U AgES A3 276t
W g, A71F, A7 5L FA% AR st 33 2 exd
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A AEE £ AN Ui ARE AxT F lue A2 28
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Potential and Actual Applications

Nanomaterials Being
Developed or Used

advanced toners

iron oxide nanoparticles

diagnostic contrast agents

iron oxide colloids

ferrofluids

iron oxide colloids

magnetic recording heads

cobalt- or iron—hased
nanostructured multilayers

Magnetic . . - -
magnetic recording tapes iron oxide and iron nanoparticles;
& g ap cobalt-based films
. . . gadolinium gallium iron garnet;
magnetic regrigeration . .
neodynium iron boron
soft magnets Fe-Cu-Nb-Si-B alloys
optical(electro-optic video display .
. Pb,La)(Zr, T1)O
and storage, light modulator) (PbLa)(Zr, T)Os
optoelectronic devices nanocrystalline silicon thin films
ical/ |passive electronic devices barium and neodymium ftitrate
Optlc.a D nanopowders
Electrical/ 1 doned oxid 1 surtid
Electronic | phosphors rare—earth doped oxides and surfides

(e.g., Th-doped Y203, Th-doped ZnS)

electrical insulator(IC substrate)

ALOs

semiconductor
(thermistor and varistor)

BaTiOs;, ZnO-Biy0s, transition metal
oxides
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Potential and Actual Applications

Nanomaterials Being
Developed or Used

ferroelectric(capacitor)

BaTiOs, SrTiO;

piezoelectric actuators, ultrasonic
transducers, sensors)

Pb(Zr, T1)Os(PZT), PbTiOs,
PbBipNb, TiOs, BiyTi301,

Optical/ - - — - —
Electrical/ chemical mechanical polishing |alumina and silica
Electronic |ion conductor(solid electrolyte,
oxygen sensor, fuel cell B-ALOs, Y203-Zr0«YSZ), CeO,,
membrane, gas generator, Gd-CeOs
membrane reactor)
abrasives silica, alumina, ceria and
diamond nanoparticles
. nickel-based alloys, diamond-like
advanced coatings .
nanocomposites
high performance components | cobalt-tungsten carbide composites
Structural/ |, . . nanocrystalline metals dispersed in
.| high performance nanofluids . . .
Mechanical aqueous or inorganic fluids
artificial bone hydroyapatite
) 7rOx(TZP), cordierite, AlsTiOs, mullite,
auto components, diesel port . . .
Jiners xonolite, calcium zirconate
phosphate(CZP)
thermal insulator(refractory) a-AlQs, calcium silicate
catalysts nanocrystalline oxides and carbides
. nanocrystalline oxides and oxide
chemical sensors .
composites
energy storage devices multilayered nanocomposites
fire-retardant materials antimony pentoxide
Other | free-flow aids nanosized silica and alumina particle

rheological

xonotlite, silicates

pigments

iron oxide nanopowders

reinforcements or fillers

nanosized ceramic particles

membranes

nanocrystalline zirconia and titania
particles

* Nanostructured Materials, BCC Report
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X}, Ferrofluids

Ferrofluide AH33 #3545 $Al AU e Agelth od
FRolee o FFY A A ZHA HE =Hd JAE &
AAA TET AA9 AAS A ARAFOER FHE] AEE
A8 RS 7hAgth 19659 NASAY Stephen Papelle] A4 =
zojuo) Pl A L2 A 538 AUtk 19689 Avcorte
214 25 0] Ferrofludicsehe 3AMS AHsAT FHA o2 A=
ferrofluids= i Y74 10 Y= HQ FesOy A YAE 7B o=
st gt

Ferrofluids®] 714 9] JAHE §82 HI=A
97, da#d Agolnh g AF AA7L 7oste B e A
Aol Atk A AAE AY, ALAAEE, vpe] oAy, 7 4k}l
A TR ARSShe FAI7E dar Sl

AE2A e o] 2uBFA (7 ZAF  polystyrene-divinylbenzene) 2

B oPgstd fhoh AbstEE FA9E 244 ferrofluide Ao
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shetAl =gl A F71/d<] barium titanyl oxalate”} ¥/3% i G
dj=o] HHEEERCIER Hrh o] WHe AFoRA HF AEY
A A7), viEdd, 247x, ek 5o 9FE

=oh dRderd] 2ol JhedidTt o W ¢ FdA% Az
Aololr ZyE Agny Aikdnl glol® S48 HHFEE]
oJE T Aol Jhesit SXE FASAH 1vAE ofste) 2H
H 2715 AYIL XTR AsS Hole #3234 249 A

BaxC0s9F TiO, A4 (BaTiZH1E 0.990-1.
sto] e ZEolU BE BN saPgoes
Elehflo| Y] Al27t 7hesit 49k AE BYo= )
=5 2t o] ARE2 A AWAY QACNA AHEHE 2 U=

2 °
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b U 22O M2944 573
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A% 24 FadolEe oA WY FYELE eqlws



HM3E 2l=ef 7= Al 35

A7) osteoblast®] Z7]7}F 4~8 H]AE AZo|ofA wAYA FA
o] a7E B 2Z2AE t & ZAEE FAH A Ay &
AAe 12gMT FAHE o= HES7HE 72t OrthovitaAk
o AXAx THE AAZE & LgteA we #EE vtes wAE
o) AxE 7FsA ok
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(synthetic graft materials), ™ AW EZ(bone cements), &3 <23-&
E3AE & XFc nlo]2 AEE HAFHOE FHFsI Ut o
Sabe AR EE e Ve goldls Ay AlE RS FEoE

9% JEYE 23 Ao,
Lh MH D/O[3E EFFEA Bt

He hdetsinh CO,
9] 1/2 3= CH,
CH/ZE AHEste] BCl, CHy v GHy, HE l}ﬁz\]?ir/}. Rlguyd Fas=2
2 750 2l EHon CH, BCL, He ¥ 5 40, 200 cm’ 4
T W71 4Ee 80 kPaE FAEATE 1587 Hol A (60W) S
2ol 768 B, 20.7 C 086 O, 001 N ZA(EA%)e ZuA|, 9
g, A S Axsdth HEdEe 20730 WerlEola HIE
WAL 55 mY/golt.

o Gex XU SO R

Clarkson Universuty, Center for Advanced Materials Processing
W59 Janos Fendler AFI1EE o8 £79 Y ptzE A4 vt
Azol IFshgeh AR BEla Husie e egde

AR v A3 gE JAH, BE, 2714, AR, A7), A
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FHEIR st A | EE o] Inframate] Y= 7]ES o]83le] o
e 29] wheks A8ataat ks zeplAbe] o
& S 7HHA Bk o] A= 1996 AHEHUNCH
7 g AYAAFATAY AA 2000 SRHEE st A4t
sta glom Arbdulde 4 A, 7 334 5ol Atk
g9 9H3-7]%(ASR : aqueous solution
reaction technique)& AZHI glom o] W2 tiFyitoz 4t
s sl vl AA B Tt HAF AE 22 A
A 271 ¢ Yergo| AR vaE gHE $3o] HEE A
QEF 22AH AT F AUtk

IMCe @A BZu-IZLE FHEEH o|Ego} At 223y
of Yxgas Axs7] s Fo]RE ftRE MBS st g
o G274 203 Asgehs Ade] 24 A9 AAA

< wEA Az Stk

IMC7} 7Bl Y72 T8 thermal barrier coating®|y %=
et A, WiEado] Qs e okl F8E ASE 7tidn. ¢H
IMC®] Z3]AR] US Nanocorp(USN)AFE UeF2AgS] S48 ¢

g3to] Wi, A5 AR, GHAS, ultracapacitor S okl &
7t iRl A%, MEaA} Jhde] FHska ik

USN d77& aoizl dxef wigeel] AMSHE 223 e
MnO, 235 Felix)? Ni(OH), #25 WLatglth 18z 77]
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durz oz SujAl FZ(10~20nm)s AFstal APyt o] FolA

= 1
% exg wdoEM i 24Q ARYrs Axdt Ade
7

GastAT AA #ALe T ofgo] EAst it R #
Ae 3402 $EY FHgsto R HEejh o] 3W3e} v
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oA el &7t dojuhar o2 s FHAF B dEH (T
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Hol} g2 Yyuerurgs Hoju 743, Ax EAL AYx 9=
Ao d4EA Yot AxA, AAA), electron field-emission sources, A
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ow e Z2AA AsE A5 tgstel Bad 4R w7
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q

P4 Ax vlolaz dolu Fehzelg Agshe Ha Az A
S8 W871S AL o) SHI FAE ke 297 Foo ¢
go) 2 AgHE MAY FLe S AdIAE T35
Qi W 2 ERAS ke Rus s oY B 230
A o] HH-712 SiNY(270 m*/g), TiIN(230 m’/g), AINGT0 m’/g)
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Ef, X8 2 SiC™% SiC/SisN.Y ¥4y

rulm

WeTxE Ze g93ts £29 dE A4S 98 1A 243
k4 (Mechanically Activated Synthesis) Olﬂ}“ o] AYEAR o
Stoll A EE AT MASY 7123 dee d2dA &S 717
2o FAsAT vy LA FAENkSS %‘rE’\]ﬂ% Zlolth.

Yy 2499 Y=a7](20nm) $Z-E o] WHoZ Axsirh
G E Y=TxY g3lE ST AN %x‘:}— 2 el o] w

e WA AgHoR e dud AR oduA 2HE 7

[STR 2

¥ 3-1>o] 2w MAS ¥ o)== 98+ fX&
o} 28y MASZE oA &H7F 4

al
£ Asketttal Shawe F33ta vk 2 52 B ¥ (reaction

<I 3-1> MASS} Acheson 2X9| H|w

Production of Current(Acheson

Process) Synthesis of SiC Mechanically Activated Industrial SiC

Reaction t t t 2,000C t . o o
caction temperatures at <, © Reaction temperatures at 1,400C to 1,500C

2,300C

Reaction time : 30hours Reaction time : 1 to 2 hours
Extensive milling after synthesis Milling before synthesis for 2 hours
Starting materials : Si0O» and C Starting materials : Si0O; and C

Products : micron or submicron size

SIC particles with internal nanostructures Products : submicron size SiC particles




HM3Z 2l=ef 7= Al 45

milling) 22 SiC/SisNy U= EdAEE 389, Ay A&

Buro gaol AgEgow Aled uid dAirdog:= A

T a=

o AYHYCE W HX

Synmartix Corp(Southfield, MI)& &4 WYe=iBT2RH §3A9 3
Zo0 7 AMREE 4 Y BAE A 2HE /st Synmatrix

25, Ay, E3AE WedAE hdsta szl Sl
A 22 gepRs SHATA, gAoe s IR AF1EH ¥
SATFE Fdsta Aok HAlololl A JEE, severe plastic deformation
Z Ege 71£E Axd ARE 28/’ d5S Ad 5 A

B, 1487 o] 9o EAo] FHHE 2 Aitetr] 948t torsion
straining@ ©& 7FPHHT A o] =L s dAYe Ve A
AT o] BEE Az Ay, 5FFS oW x4 HEE
NA A4S Bl

l‘h‘



AeroChem Research Laboratories Inc(Princeton, NJ)& 4 &/o}A|
gl Exs AFESte dATAAHOE e Alo]= AlgtY] EEE A
Zstdth o] 38 HEF AFL 674 Y FH Y v 284 w3l
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Company Nanoceramic Powders and Products e .0
Production
Advanced Magnetics, Inc. F'endex' V. iron oxide nanoparticle Commercial
dispersions
Cab-O-Sil® fumed silica nanopowders;
Cab-O-Sperse® and Semi-Sperse® silica
Cobot Corp. and alumina nanoparticle dispersions; Commercial
hydrothermally produced(submicron)
barium titanate
Metal oxide powders(alumina, titania,
Catalytica Inc. silica)for catalyst support and nanoscale | Commercial
zeolites
Chemat Technology, Inc. Nanocrystallin(? alumina,' tital?ia, Sm:'ﬂ'l
magnesium oxide and zirconia quantities
Aerosil® and Sipernat® silica
Degussa Corp. nanoparticles; distributor of metal oxide | Commercial
nanopowders
e EM AP ies i i .
Ferro fluidices, Inc. G and .G Seges iron oxide Commercial
nanocrystal dispersions
Hilton-Davis Co. Ttanstmde® hyd.rated iron oxide Commercial
nanocrystal dispersions
Mach I, Inc. Nanocat® superfine Iron Oxide (SPIO) | Commercial
Mapico, Inc. (f(.mneﬂy Mapico® Black submicron and nano-sized .
part of columbian . . Commercial
. iron oxide powder(as low as 100nm)
Chemicals Co.)
Material Modification I | Nanostructured carbides Small quan.
. . ) Small
Mer Corp. Customized SiC, WC and TiB; powders .
quantity
Nanoblok, Inc. (unit of
Plasma Quench Titanium dioxide nanopowders Commercial
Technologies, Inc.)
N. TM ide- .
Nanodyne, nc. anocarb tungsten carbide-based Commercial

nanocomoposites
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n=o] 8 Yk Agte AlZYA= Cabot Corp., Degussa Corp.,
Hilton-Davis, Kemira, Mach I, Nanodyne, Nanophase Technologies,
PPG®} Praxair 5°]tf. HIE Catalytica®} Nanogram #2 3JAl=
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’}(magnetic resonance imaging) A9 FEZAE ZAA| 807 A
Ab=] 31 9lt}h Kemira, Nanophase Technologies, Tioxide 22 3]Ato] A
A e Y ASlEER 222 o] $29 AR A BFHultraviolet
radiation scattering properties) W&ol Ake]A 2FeA| (sunscreen), 3}
AE, HUE, FEaE AXGA ] Hulsar Qlok Cabot, Degussa,
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g & 852 AxHe A7kt EEyol & AskEe] 7t
2 7HAYE o] Fa vk Ao}, o]Eglol, Yk Z2FAE AT
Tol & O BG. ARk o AAA e A7|7h FopAH THA o]
AR ¢ W geng 2719 ts§ ASlHEE B 498 TR
2+ (commercial-scale quantities) I-==9 1 2o ZT=d Hl3)
A7 #4 WerHE FolEW it 7}7—1% 10~20 282 5
7F8tt. Mapico Inc.olA Aitete getddyos Az 244 =
7] 90 nm¢] AsHd $Ee sesw 15 el HIS) BASFOA
A= 10~20 nm 2719 £22 =% 7 9o AejEa gioh

Nanophase Technologies Ltd.= o|& £&< Jo|RE FHE &
® ool i tERER AAksta Qlv o
o225 #jgta gtk NTCY AMAIES <X 52> Ye e
NTCe LF timAtelz £29] WFYIE 7hsdith NTCOl mad
Ao 742 dAY scale-up FENE FHYst= Aol stk 1H
b o= 54 A5 AT Foln oA a9 el A
olty. 7R S}t FAst o] ALHL 7] Wil 7HEE A&
gold Aot

MACH I #A 1047 279 1448 S ARHe Ui
713 nm7bA) 9 s Ate gtk ol g SRR AL
J‘lﬂi Atk Nanocat W AHstd 229 7442 S0kg ©late] &
F FEY BF ke T oF 4022 Lol I oo FE e el
1% kg 3509 Aol

e AbOs, TiO, Fex0s9] 7HA2 aAtel wet ¢ 2 2ol K
t}. Degussa’} 93} &FvulEe dagdozm Axse 6¢Fuu(i3
m)E -5 3 ¢ 928 o|stol] T E A% Nanophase Technology7}
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VPC(vapor phase condensation) o2 AZEdh= »-EFHLH37 nm)=
e oF 30 wiEar ok st ZEAeAs AR
Kemira®] rutile TiOx(25 nm)= = oF 2099, Tioxidest YE3)A}
B9 et AielE Ui rutile TiOe 2= oF 1398 4o]H,
Degussa®] anatase TiOx("20 nm)= = oF 9g¢d] Fufj=]ar ok

>

o A BohET A5Ao] Ao e FEE BuH o 9
£ 399 AFAE HFOR AgHA dor, MRI 18 450

<& 52> M=l L 2Ee| U1 sE

Typical Typical
Average Diameters Surface Areas
Marteral BET(m) TEM(m) BET(m"g) Price

Oxides available in commercial quantity
Alumina 37 20 45 $25 to $30/1b
Iron oxide 23 27 50 $25 to $45/1b
Titania 32 28 45 $45/Ib
Zinc oxid 32 20-35 $11 to $14/b

Oxides available in pilot plant scale quantity
Intium tin oxide 25 45 $350-$400/1b
Antimony tin oxide 25 45 $65/1b

Oxides available in experimental quantity”

Ceria 8 7 100 $100
Copper oxide 30 35 30 $100
Yttria 14 8 80 $100
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3. W=
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Si0y AFS ALstE dztk o 700 € =9
o I AFFEE o 25007 g e
3 YR A 200390 12 56007 28 R
dAEE, I Fol A Vi aksbd Eo] oF 429% (490 E, 65007 2
2), e &Fog Edo] o 29% (1200 &, 4550 22), Y
TiO; &%) 8% (600, 12005 &), vz WC #Zo] 26% (903
E, 4005 )2 F8 S 4 Aoz Bt Y WC A
o] ARFEe] 26% FEE vl Z# ST U] o] Al
T AAEL 0~40% A=Y 1FEE AT Aoz S5k 9
o UHA YeiBEdE FodXe BaTiOs CeOy, ZrOy, Zn0O 59 Y=
Buko] AAH Aol dAl9 7%0M 200332 15% AEE FHlE
S A ATFEE 22505 o] =2 Aoz o Ht)

e ake] o ARS 7)5HE AuEE 1998ddE AA/A4/
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3 EE5 UsETs diHd 42 AMdAE Dowa B4
KDK, Toda Kogyoolth. AAAEZS A &3k TiO, ALOs 59 A&
U8 s ISKe TaycaZl A1 gdis] 7t Aok

Aol A XS fFAStL Y Degussatts Side £
ALOsSt TiOx9F & FEAEHE Ui D A A FEZQ 983
gual 9o BASFE Ui AetE 9 BEadze] Fo Ak
Al Fol| FoJstar QT o]9]e] Wacker Chemie, Sachtleben, H.C.
Stark 5% SiOp, TiOy, BaSO: 9 Wed@s J&3tehet Haks
7kstaL i

u

<& 53> 0|=<l9| U2 M=

Producer Powder or Product

Nanocrystalline iron oxide Sicotrans® powder

BASF AG. (Germany) and dispersions of oxide nanoparticles

Chichibu Cement(Japan) Mullite and zirconia powders
Cookson Matthey Ceramics, nanocrystalline Trans-Oxide® iron oxide
Ltd."(United Kingdom) powders and dispersions

Aerosil® metal oxide (alumina, zirconia, and

Degussa A.G."(Germany) L
titania) nanopowders

Dowa Mining Co.(Japan) Oxide magnetic particles

metallic and ceramic nanopowders (undergoing

H. C. Starck, GmbH (Germany) L
commercialization)

Nanophase carbide, nitride and oxide powders
(lab-scale quantities distributed in U. S. by
MarkeTech International of Pittsburgh)

Institute of Matals Research
(China)

ishihara Sangyo Kaisha

Titania and alumina
(Japan)
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Producer

Powder or Product

Kemira Oy (Finland)

Titanium dioxide nanopowders and dispersions

Matsushita Electric Industrial
Co.(Japan)

Piezoelectric ceramic powders

Sachtleben Chemie GmbH"
(Germany)

Nanocrystalline titanium dioxide and barium
sulfate powders

Sheyane Thinker Science &
Technology Development Co.,
Ltd.(China)

Ceramic  nanopowders including aluminum
oxide

and iron oxides

Sumitomo Metal Mining(Japan)

Silicon nitride powders

Tayca corp.(Japan)

Titania and alumina

Tioxide Specialties, Ltd."
(United Kindom)

Titanium and zinc oxide nanopowders and
dispersions

Toda Kogyo Corp.(Japan)

Oxide magnetic particels

Wacker-Chemie GmbH
(Germany)

Fumed silica nanopowders
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