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Ultrafine particles less than 1000 A in diameter have unique properties such as magnetic proper-
ties, catalytic properties, sintering properties and properties of eleciron energy states. Among
several methods of forming ultrafine particles, gas evaporation methods are chosen, because of the
following advantages. Impurities in the particles are less than thoss in particles prepared with
other methods, The diameter and the alloy compositions of the particles can be easily controlled
in these metheds. Several types of ultrafine particles, Such as chain particles, Cu-Zn complex

particles and isolated particles, can be formed.

Magnetic properties of chained particles, catalytic properties of Cu-Zn complex particles and
configuration of isolated particles are presented. Application fields of those particles are also
presented. Finally an ionization method of the isolated particles are introduced.

L @itsic

BED 0.1 um PTokTe, HrBECELZDIT
BMET EFATN S, BHENTICLE L v 7 RT
EELTOWHE ORESBESE LN 5, LI,
R AT R MR T T D B Al LY
BV, gk, BYRTFIEAEMASETT RS
OEMMERTHABERELTHEND, X5, #
BRTFCEs LEREEMEAME S LToEENES
B, HEME LA AN B0A A55E, FONY
OETON Y PRSI B LR T 2ESTHREN, ¥
FoITAME R S HGE R B,

RO T2 fERd 2 kil Table 1 iwiRd iz,
LR ISR RIE T 2 5 & B o R A
D, A AREREZEENFEORO—DTH D, HA
HERERYTERD, FREASHTEEAHERSAE,
Bk T2l T 2 FETH L, COERREELTR,

T—7mE g, EBRNERE HEoFke
ERT A EMTEDE, L LEHME, SBiciLhbE
ELREsRoEEET 20 3 FELLTR, 59
MAFR L2 2OWBERTEZENEELOERI S
BB Il » T d, #ARERT L ST,
D F B i B0 3 e S - T 3 224
3, ORMEOREES AP TOEBRSC I AR
NENRMETH 5. ORATIHRETORTAR T
HEIORBESR., OHEHEIERRRE S He
HAEMC L OBBITAL, LhbEESRRY +—7
THED, DERTEATRTINESTERET VTS
BHSTE L, $/7, COERESKE {EDEFNE,
ENODELBHENTOERGTETHE, 36KOE
SEOHN 100 2lEd 3 Cu-Zn HThHETROER
REDEBLTVRALOER EERETFER), OFz0
HWTHENCEE, BEREC LTOROIET o8
B (T aak) SLTAHTHE, $To0oRNE

— 35 —



— 336 — RERE

Fe&

58 (1987)

Table 1 Preparation methed of ultrafine particles.

Gas evaporation
method®®

Physical methed

Metals are evaporated in an inert gas. Ewvaporated
atoms are cooled by collisions with gas atoms to con-
densed into particles. Induction heating, resistace hea-
ting can be used for an evaporation source, laser, arc,
electron beam can De also used for an evaporation

source of high melting point materials.

Sputtering method™

Sputtering technique is used te supply atoms or mole-
cules into gas phase. This method has more advan-
tages for high melting point materials or compound

materials.

MVS®

Metals are evaporated in a vacuum chamber at the
pressure of less than 107 Torr, and deposited togeher
with organic selvents on a substrate which is cooled
down to the temperature of freezing point of the

solvent.

VEROSY

Metal are deposited on a runping oil surface in a
vacuum chamhbar. Particles less than B0 A in diameter

can be produced.

Chemical methed Coloidal methoed!®

Novel metal salts are deoxidized in an aleohol with
surface active agents. Ultrafine particles coated with
polymer are formed as colloid. The particles have

narrow distribution in diameter.

Alkoxide method!

Oxide ultrafine particles are formed with hydrolysis
pracess of alkoxides. Particles of any kind of ele-
ments and multicomplex particles such as BaTiOs, 510.,

Zr(Qs can be formed.

Thermal

method of organic met-
12)

desolving

al compounds

Metal ultrafine particles are formed with thermal de-
solving process of metal carbonyl compounds such as
Fes{COk, Coz(COl.

Deoxidation method of
metal chlorides in hy-

drogen'®

Metal chlorides deoxidized in hydrogen gas.

Deoxidation method of

oxides'®

Hydrooxides such as a-FeQOOH are heated to the tem-
perature of 300~400°C in hydrogen gas.
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Fig. 6 SEM photograph of Fe-Co ultrafine particles formed in magnetic field.

Table 2 Measurements of methanol synthesis reaction of Cu-Zn complex ultrafine particles.

Cc Co CHs0H H Ca Cs conv. | selec,

catalyst 0o (o) R
1 TUFP (64: 18)* R® [ 17,68 1.06 8. 22 0.04 (.08 0.01 0.02 35 93
2 NR | 12.31 2.11 10,83 0.16 0.05 0.01 0.00 52 98
3 UFP (67: 24) R | 14,02 0.63 15.38 0.09 0.15 0.02 0,00 54 98
4 NR ; 13.74 0,82 15.58 0.04 0.16 0.02 0.00 55 99
5 UFP (64: 18)= NR | &08 0.16 11,47 0.03 0.09 0.01 0.00 GO 99
6 reprd. of No, 4 11.89 2,00 14,95 0. 18 0,22 0.00 0.00 6o 67
7 UFP (57: 24)® R [12.60 2,31 17.53 0.03 0.31 0,08 0.05 62 97
8 NR ;12,82 2.74 15.64 0,15 0.22 0.03 0. 04 50 97
9 UFP® 14.88 0.67 17.58 0.00 0.27 0.08 0.05 536 98
10 reprd. of No. € 15,43 0.77 16.63 0.00 .33 0.11 0.07 55 97

a) Cu/Zn weight percerent. Bb) R indicates that the catalyst was reducted by hydrogen gas before the

reaction, and NR indicates that the catalyst was directly used without reduction.

d) UFP passed about a month.

e} Co-precipitated.
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Fig. 7 TEM photograph of Cu-Zn complex ul-
trafine particles.
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Fig. 8 TEM photograph of Ni isolated ultra-

fine particles.
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Fig. 10 TEM photograph of ironoxide ultra-
fine particles (FesO4s) formed with the reac-
tion process of Fe particles and ‘oxygen gas
(1. 9% 107* Torr).
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Fig. 11 TEM phorograph (lattice image) of one
jronoxide wultrafine particles (FesQd) formed
with the reaction process of Fe particles and
oxygen gas (1. 9x 1072 Torr).
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Substrate

Fig. 13 Ionization chamber of isolated ultrafine
particles.

iz & A BTEEFOZEF S RTE FesOs (=& 354
) THBEEHHEL

3) Fe BbBUIRTHRERE D A ANy T —ART

7 b

FhEEgEATE O HRGFFELTER SN
Fe B4 F o 570 5 HHBED 4 Aty 7 —RA 7 T
LOREIERER S Pig, 12 nd, O #HRAE (Poy)
$38 Poe=1.8%10"% Torr #BELELTED AXZ P
FERHELBECD, FhPETEEHESEELTH

=
o E‘
=
o B Y
a |y

W
Eo* i
= %
L u o 27hK
o "
u. by A 42K
= %

P
!
s 10% 3
@
[ "
[y "
g
Rl W
0 e
& W
2T
= Bl
8 Boemeaalll L.
Q.
o .
6 1 20 R
Acceleration Vottage Vac(kV)
{a}

EimplEE $8& HOE (1987)

AOMBEIE, FRCORRY Pt E oI A
WIEREF A e~y 7 PEIOD O AASEKHELT
#L Gy Por=1.3x10" Torr P LeidiFiE vy LFE
LEZERLTNE,
4y PIBHRTO A & b & R
PR e - AT M T A kEe Fig. 13 woRd
WIm4 A i, IEREREESh TG, b iEIK
BRECHLI v ~HBiIC L 5 44 7L, BEEiong
oA ) 7 4 REMAE G, SR IHEY Y
2%, FrEMm, ROBEBRESS BRI T3,
£ F LI BB AN TOSRIE T v T o R
BINTHD, A& GEAL-EELT 100 MH=
{100 W) o@EflEaiHesh 2 © L B8 dikzucis-
Tido A4 PALERICEMA ¢4 7E L CHERENPS
AT 5 He #alislic, v u—EN =L LTHIC
W OHe AAMEEREN, s h=AnT —2a—Rr7iIC
hEHES S, FOERMS o - HEEEEITER
?‘émcﬂiﬁﬁt 1072 Torr Hic{Rih TG, 12 (b
Eiz BT 100 MHz OEFENT » 7 FKHEh D
&, EOEDOIAL FREAHE I S o — FEEE
DR EN D, 07 v -HERRE BIHER —T7.5
LV oBELZHNT 2 L8 SicslHEEIcE TERD,
AL S, FIHBRRRCRET S Y7 4 R
G 100 O Ok /o —HEEENEEDSS it
B, FRBLEAINCRT A Pelfiin b5
TELT I 200 mfsec Bl LDEEE & > T b2®, €O
% U HEERELRT E, HTRIOEETENX
BEA 4 v EE3N2EEAL SN 28, THERCR

400
T 9.
QI o 1394
Q0F Ty a 1114
T
‘\
w K
£
2 200+ '
\
o §
.2 l ‘|
£ oo i
© 100 \
© \
‘\
a.
. *X'“-?—

T TR
Acceleration Voltuge Vac(KV)

(b}

Fig, 14 (a) Specific resistance of Fe ultrafine particle film vs. acceleration voltage.
(b) Coercive force of Fe ultrafine particle film vs. acceleration voltage.
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Fig. 15 SEM photograph of Fe film formed with ultrafine particle beam

tion voltage —10kV, {h) —40kV.
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