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Preparation of Ultrafine Metallic Particles
by Hydrogen Reduction of Chloride Vapours
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Synopsis:

The ultrafine particles {UFP) of silver, copper and tungsten were
prepared by hydrogen reduction of chlorides of those metals in the
vapour phase. Silver and copper ultrafine particles have not been re-
ported to be prepared by gas-phase reactions. Electron microscopy
shows that spherical particles {or silver and copper and polyhedral
particles for tungsten are obtained. UFP obtained at various reaction
conditions have log-normal distributions of the particle size with a
very narrow range of geometric standard deviations, 1.2 to 1.4, while
their median diameters extend from 20 to 1 000 nm. Mean diameter
of UFP can be controlled by feed vapour concentration of metal chlo-
rides and reaction temperature. Reaction conditions being equal, the
particle size of silver is the largest, and that of tungsten is the smal-
iest among the three. The ratio of the reaction temperature to the
melting point is supposed to be an important factor in determining
the size of UFP.
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Fig. 1 Equilibrium constants of reactions and VADOUT pressures
of chlorides
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Photo 2 SEM photegraphs of Ag- and Cu-particles
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Fig. 3 X-ray diffraction patterns of W-, Ag-, and Cu-particles
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Fig. 4 Analysis of CuC! contained in Cu particles
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Fig. 5 Log-probability plots for W-, Cu- and Ag-particles

4.4 FipE

TFERIFE (de, nm) ¢k BET hXERDEM (S,, mYg) & HEp

(p, glem®) in b

Ap=6/5¢ « X 1000 -+ vivrini {(6)
ChhEH L. BENOSS, oERBTEREC L ok
TEEREBIC A D EVETHE R Z L b - TR, ki, &FH
DAFBRECLBAEL TS,

Fig. 6 " I P OECDELBE (HE) ORTFOELRERC K
SETEEL R, MEHEIREIESHE, £+ V7 Ar A
B EAIATHE L. W, Ag, Cu k& LBESBEN S
BEHBIREL hotee £/, A—%METE, W, Cu, Ag DIF
ERTFRIIAE E->Tv3, 2oLy, EEE-RROM
FrRDdLE, W ORBIIES v 7 27 vEGOHED 0,33 F,
Ag IE(LRER TS 0.25 F, Cu 0. 42 BICHBAIL TV B, o
B, BEREXNTOZ 7 7 vERC X AEE - MBS L - TiEh
DR, BRIRE R B RS RE D 0.4 T b f+ 3,
EVIEESN B S,

1000 |
. . v
,_§ H/
oy i~ Reaction temp.: 1 000°C
Z ©
dg) i Cu
::.J".‘
o —
:; -
g L
& i /(
> L
ol A
=
]0 3 1 L L1111 1 1 1 111 1)
0.001 0.01 0.1

P

Fig. 6 Effect of partial pressure of metal chlorides vn average
diameter

— 82—



EhOSHARERETZ X 2 ABRBENOER 307

B Reaction temp. 1 000°C
£ 400} Ewaporation temp. 1000°C
o Ar 2 {/min, H: 21/min
o
15 W0r
K] .
=
[
- C
=4 ]
T g o
[~%
%
[+
g
< 1“[) L 1 1 1 1 L1 i ]
0.02 01 0.2 0.3
DPra
Fig. 7 Effect of partial pressure of copper chlorides on average
diameter
500
L Ar 2 //'min, 2 I !/min
& | Evaporation temp.
£ Wi 600°C
5 Cu:1000C
[
E
o
© C
u
5 g
S L
(=% o
@
R L
=
; -
- W
0 N A N R
800 1000 1200
Temperature{C)

Fig. 8 Effect of reaction temperature on average diameter
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