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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 reported to be prepared by gas-phase reactions. Electron
microscopy shows that spherical particles for silver and copper and polyhedral particles
for tungsten are obtained. UFP obtained at various reaction conditions have log-normal
distribution 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 1000 nm. Mean
diameter of UFP can controlled by feed vapour concentration of metal chlorides and
reaction temperature. Reaction conditions being equal, the particle size of silver is the
largest, and that of tungsten is the smallest 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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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

JIFEIREER Vol. 21 No. 4 1989

FF —ahieeon, BA 1837 K) L EOEDNEE BT T2
&, KREREG (1) OPEEHUL 130K M55 ¢ 10 BT
b, TR ETLBLEE L, L Lt o BS Eir
B TaAEREELEIE, BREESY 130K IM O ot o VA
EhrboitELbhA,

BAFRER TB LAY CuClh OB CEETS 22 bh,
EOBERERXKE , LorL, KEBTEE(2) DREER: 10 55
LS DT, WRSERTE2E 50 FRA Db,

ANELE ATy OBMT 64K LEL, FECERL ST,
TRARELRG B) DPHBHITEDTAEL, BEOMEND
Ktdd 5B RobMilE S taa 5 EFEahS,

BREROTEERILL Bn i~ R ERORI M 2, EERN
TR ETNDBESD D, Ko 4013 T, 20RIGHEL T4
RETILERFEROTEES D2 LEFL BRI, L Linsh,
RIGHEER LSBT i a8 8 <, BENEETAA LS
DREERCE LI DN TERL T L b By,

3 EBRAE

31 RERERE

Fig. 2im+ 2000, RIGEE, RBEA2EHS BT ciE
HlET & 5> BRAOERIMCERRIGA (A 33 mm & X 1000 mm)
TERELLLOTHD, ¥4+ 97 Ar ¥R, BRAKREF A% L
TEBWELL->Tv-5, REEIRERSE (300 mm), KIS (300
mm), HHER (150mm) b b, ERMCETE L )7 Ar &
ARICERE LY, RESTRET Y ADEKRLES - Kb X
¥, BERGYER IS, AERREASEY BB LET AL L )
CEHEh, THROBRECHE I R -FMBRIC L bEr 2 2 4
e~ BT 5, BF AR O HCL & K ic RIS+, BRADEE
EREYBROCHE - BR T2 L0 X D EIEORTHIAY £1%
BloECizss &0 TED,

3.2 EBIHE

SALAEE E LT, il AgCl, CuCl, WCL v 2, BB
FCIAEACE AR T A D BE A~ Mid, NEE L
ERECELLE BRECHLEIH, ESMBIAD, &8

& g) ® @ @

b (@12 (@
@ |
@

t

@

(DElectric furnace

(DCarrier argon gas

(& Hydrogen (reactiqn zone)
@Manometer @ Water jacket
@Crucible (quartz) ®Ball valve
(®Reactor (quartz) dBParticle filter

(D Absorber of hydrogen chloride

®Electric furnace .
(dElectric conductivity cell

{evaporation zone)

Fig. 2 Experimenta! apparatus

— 80 —



EiMOSHEKERTIL L 3 4BBRGOER 325

M SR R E T O RBBER Y 5 AR I,
ZOBELH LR RTNTEELRIDSE T T5 ETORME,
EHOEREZ L GEEWOEREELEH L, EBRE, BN
FOMEKRBOSFELE D OERE, DERONE AL
FitREkbdn, Bz, EREE (600~1100°C), +— +ERE
(B~d0em?), F 4+ 0 7 #H AR (1~8{min) = L hiE{LPOBER S
Harfa, ¥, RGERE (700~1100°C), AE 7 AMHE (L~44
min) X b RIGEGFLEMLITRE L,

ER LR EHERE, XRAN, REREBENE LEINE
witl, TORFEEYAELL.

4 RERERBIUEER

HIERBC L -» TROW-ERY, BFodRcEL Ty T
B, X@Ey, RESaf BENERCouTHRN, RtE&4FEL
T EER L FEREoHEC W THRE T 5,

4.1 RFRAR

FERC L0, Phote LR L2z X 57, W, Ag, Cu iB8in 48
Bhic, D TEM@EBohs L5, Ag, Coili@EERikof
FThy, WO EMERT LA T D, ¥, SEM
% Photo 2 =753,

foks, Ag, Cu B2V TREHEGEC L 2EEAFHT
BEL, Cunlic, REOREEHS LT i » 7 A0HATN

RTPELTEERTE S L dbhat, 202 i, RIBEE L
BIELT WA EELLN, €31, 2 28045REE (EHbS LB
#FOBEE TvEST, AFVEORIEE CEN, &EMOER
Et Bkt & ARORE) ORERE /G2 L3 08
flxhd, Fe BHB0BEY 45D TELD L, 2ERBERC
Wik log Kp 2 0~1 CHLBEENIVERINL-OC, SESHAR
WHEoFREORFCHFLVIEHVBOhi-LE LD,

4.2 X BE4H

Fig. 3 it h T hOBE o X HEFER0—firrnt. W, Ag,
CupiFEashThEFhoBEErEohio - L 2EBELT-5,
-2y =7 THD, BHREBRKETEAT » AT E
SBETHE I LMD, B, ThEFNERESEIESHDE -7
PEEE R, ok, W BRI WCl offtic WCl: D — 7 4%
Bhaoktdtbots

WOBET T, ELHAOFEENMEY EPMA, EDX #KwT
BT AhTz, Fig. 4 o SEM e Roh s BB T4 EDX ©H
ANTRD EEEAES LR, -2 OBEMLEMORNTTEE
LEEETED, oot oMTRTR, KELORE - &
BREROLRE, SHARCREEOEHESIER - HEL
fobDEELLRDL, EYOFERRES LT, i, SREH
ORBEHHT288, 2BBERECEIATh2BERELD
hiBAD, ThbiFREEL Ui,

Photo 2 SEM photegraphs of Ag- and Cu-particles

— 6l — NN Vol. 21 No. 4 1989



326 fhD AR RETC L 5 SERMH O SR

1000 -
W React. temp. 1 000°C
Evaperat. temp.  600°C
Ar 2/ min
1I: {7 min
L S WCl
2 a
0 1 1 1 i L H
1000
Ag React, temp.  1000°C
= Evaporat. temp. 1 100°C
& Ar 2/ 'min
ks H: 21 'min
G L < AgCl
2
=
0 T M\
1000
React.temp. 1 000%]
Cu Evaporat. temp. 600°C]
Ar 4/ 'min
H: 47 min
2 Cull

[}30 40 50 6 70 80

28 {degree)

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

oW THEARESY SR HBE T L THEL bty AX
oo ZOBREN, BRRERE, $+ V7 At FAKBR—-FEEL, ER
F- rEREC L VEBEAREYERE ¢, Fie. TWRTX5EL
HETBELRE LTy » THRECE/LE R R, 200 nm 2
BREAE-TWE, cOBRELT, HTFAS2BEOAETXEC
BET? ERTFREOEHRHENMBETTH &, FHRLCLAS -
BELE{{ iz LEBMREL NS,

Fig. 8 1, IGRE L Co, W 0B TOREORFYF T, Cuit
FEIGBRE AE R ERBERRE E3BEAEFR L, —F, WK
IRRESAE VR EDE Ry, CukiidoEme sl i,

45 BI5 %

Cu B0 g ERIC o\ TRIGRE & KIGROBFIT2LTHA
too Fig. 9 1Zm3 X 5, 900~1100°C CRIGER 90% LI E2VE s
R, 1000°C fHL CHH RIERIE oo e

EGRITECHLFLEEC L - THRE2Y, BE EVEE
ERERINE L, RIGHEERIRE kD), RERLHHRE
R CTEREYRTLO LB S,

5 FHNEOREMR

PlbEofgRicd &2, FERNEORERBICOVCTERYLNA
%o

EM o NCHETIgE I LT, BE00.7T (BRTRE=
FEICREMS) fHEEBc LT, £#nl hBREATRRIGRELSE
VIR ENFRRE (), BRMTRBENMEL R FEENLA

— B3 —

100

S L

]

[ -

g

S

e B0

g

b= R Cu

by

P~ - Evaporation temp. T00°C

Ar 4 [/min

r H: 2 /min

L

700 800 900 14000 1108
Temperature ('C)

Fig. 9 Effect of reaction temperature on reaction degree

1000
- Ag
E, 3 Cu
g L
g
g Ni
T 1Mk
o - W
& -
f=1 -
o
& o
<
5 n
< L
10 L 1 [ R A ar |
0.2 0.5 10

Reaction temperature 'melting peint

Fig. 10 Relation between average particle size and reaction
temperature/melting point

2 froTu B, BRUTHAZRLEIEAE  RFORELE
BHERC - TREERS S, —H, BGRATRET 77 vERT
R LIRTFARGCRE - GE TR L 5D, LML
Twb, Fig. 8 IR LA £ 3, SEERYT» LFEGERER, Cu
oGS 0.74~1.0l ORI EVRETA Y, —H W
oG THEBAD 0.24~0.33 LRSI TERTH--Z &%
F@EThE, Cu, WiImowT4 3 ORRAREE L RROERE
T EHHEREh S,

Fh, ARTIBEHORBER, SEOBEICY » TRAEDH,
COZEREET LD, RIEREYRETH > wBRTRECH
L, BohicthFholiFoREs Fig. 10 10 &bk, Nie>
Wi, AERLIABROERERBICLLEELO— ADFERRY S
Hkeie, RAORTREL RUBELAOEE (X& L CHE
MEFTRE) 2 E L -BOFERER YR T. 2ok, ALK
ERE (1000°C) TH-Th, FOREARAEGL DR SHE
BEAELR-TWEoEERLTVE, ZGHERL, BRckT3
SHEGCE W CRTREPR TR OGS ERMTH L' V2 &
ik, NTRALAEELCBIEELSTVEREE Thbb, fiS
CEGVRETHBRY, BTOEESE LV ERERLTHEE
Eirbhb,

Gjostein 51z Lhif, & R olNFRESEE L CEefs

JF k55 Vol. 21 No. 4 1989



328 B o LRAESTIC L 3 LRBMEBD LS,

+T5ETOERM (tee) 12

Ryt

= {SEE) +rerrerr et e, (7)

Tee=0.850

TRIND, 2T,
B=DgpoNoQB kT cvevereevvmriens ittt (8)
Dy EELEER (cmfs)
ror FE = F AKX — (erglem?)
No: fiF S 0% (atomfem?)
Q: FEFo&E (cmt/atom)
£ HAvwoER
EE K
ThHde
¥z (8) RFORERBER (Ds) B8R

0330_01481([)(— 13;‘“)(‘:1-112/5) .............................. (g)

Th: B (K)
TRERT, ¥, RE=F4F—(n) ARECL K2 BRL
R ERERTNE BRISEE Y BofEin kxS, RO
(Toe) I D, LEdio TRFORSIERICKD, b,

RIGBE BRICE i E R FREAAE B L EL B ATy
‘65

6 % B

BWOTMEARRELE Ay, Cu, WiZo-TRZ, kOBEY

{#7-0

(1) #Ewlb, Cu, Ag OBEMOLERSTETSHL - 22
WU, F, EREAMMNL £5 1, 7 ABCKE~T
EREOFEEE I BESTLER T2,

(2) ERo Cu, Ag @BHE), SELHTS WEBKHE b,
RESTOBRMEREL L. 2~14Thote, i, HFOR
Bz, LRE{HEROBRE - KIGREC X b B TETH
2T, Shud, FEROZMEREIGET L5 &BHasR sl
TEHMRBE—FT3,

(3) BER—ORELEEC KT, £ELAANED OB TS
W, Cu, Ag DIFiCAZEfeote Zhik, SREELELSC
AR ENTFOMY - VBB THDL LB DEE
bih,

g £ X ®

1) R.Kubo: J. Phys. Soc. Jpn., 17 (1962) 6, 975

2) ABNE, EENZ: [EHHME, 42 (1973) 11, 1067

3) FHEE: BRLEERE, 22 (1983) 5, 412

4) V.A. Tracey: Powder metallurgy, 9 (1966) 17, 54

5) MERMHF: AT %Ak, 18 (1981), 36

6) BWi#E: M=a-%3 308 7wy, (1983) 79, (44
VAT 4T L]

7)) REZia: TXsH, 29 (1981) 5, 85

8) H. Lamprey and R. L. Ripley: [J. Electrochem. Soc., 109 (1962)
8, 713

9) P.Dugleux and 8. A, Marque: Powder Techn., 27 (1980}, 45

10 HREE, KEF— HET435 21 (1984) 12, 759

Mgk Vol. 21 No. 4 1989

1) MRS, NBECE, TR Rl R TgscE, 13 (1987) 4, 481

12) 1. Barin and O. Knacke: ‘“Thermochemical Propertics of
Inorganic Substances, (1973), [Springer-Verlag]

13) =BH #: «F:u ¥ A, IT (1982) 5, 388

1) C. G. Grangvist and R. A. Buhrman: J. Appl. Phys., 47 (1976)
5, 2200

18 ABIF— LUAHE. FREE: AAikeais 1984 (1984) 6, 869

16) F. S. Lai, S. K. Friedlander, J. Pich, and G. M. Hidy: [. Colloid
Interface Sci., 39 (1972) 2, 395

17) A. D. Brailsford and N. A. Gjostein: [. Appl. Phys., 46 (1975)
§, 2300



	★j21-323-328
	j21-323-328

