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Table 1 Property and utilization of silver-coated copper powder with different morphologies
Morphology Property Utilization
. Spherical silver-coated copper powder is nano- or micron-sized; it is used to enhance the )
Spherical . . . . Photovoltaic paste
density of the sintered body by filling the voids
Flake silver-coated copper powder serves as a supporting filler to enhance the strength of
Flaky the sintered body; it has better electrical conductivity compared to spherical silver-coated Electronic device packaging paste
copper powder due to the facial contact
Dendritic silver-coated copper powder has multiple points of contact, resulting in a better ) .
o o ) . . ) Conductive adhesive;
Dendritic conductivity compared to spherical silver-coated copper powder; however it experiences

Seldom used in photovoltaic paste

significant shrinkage during the sintering process, forming a loose structure
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Fig.1 SEM image of morphology (a) and cross-section (b) of spherical silver-coated copper powder
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Fig.2 TGA curves for silver-coated copper powders with different

silver contents!"
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Fig.3 Formation mechanism of core-shell structured silver-coated copper particle via one-step spray pyrolysis

[29]



* 1370 «

W] B RS TR

554 3%

[Cu(NH,),I* absorptlon

Cuis
reductant Deposition
[AgNH,),] +——> O—» »

The contact of Ag(NH,),]" with copper

®-&

Silver-coated powder

is hindered by [Cu(NH,),]*" with spot structure

K4 B SR E AR R

Fig.4 Schematic diagram of replacement method of silver-coated copper powder preparation

B < Y pH RV R 11.0~11.5 i), 9 7 il R TE v b L e B
BE o pHAE /N B R R I MEAS 2, AR TR K
K4 pHid 2 P ER A & B 7 A F0E » 5 HBLE M
AHEREILR o SR 1 HAt 25 5 77 45 2 10 20 HO B 28 1 th RE AR
YiZ i), 48 I Bl R L 2 DY R (EDTA) A4 &
7, B e ) w5 AR A K, WF FT R W EDTA H & /DI,
EDTA I 2 54 i) Cu® &5 &, AT AZ A A TR A% (R
I E4T ; EDTA i &3& I EDTA 5 Ag' 4 &, [RGB e
SRR A, F BN AL EDTA H &0 W) 23 K AR 1
R SR, B E A8 . Sun LA pm B RI0RE
SRR ) VAR () 1 A A P e EL SV e S5 S 6 46
S i) g 1 ARALHRAIOREL , 7 A 45 SRR B AR AT AR
MR BTE AN, T LI 35 L AR RORE ) 46l B2 R 6
PUAACTE G 95 . Shang SR P & O i1 46 1
ALY, SR 2 R AR R T IR IR A R R B
ST B, 383 TGA Rl DSC 5256 & Bl [Cul:[Ag]=4:1
F0 R 5 R LA B v A IR PE AT BT SRR S R R
ABAR LA
332 &A%

SR I JEA ) 2 BB AR, 2 R VA P KA TR
RS T R AL B A-IE TR S, A B B TR, A5 A 3% T
VORI RE , B 5 BT onte), 1 WA IE B 700 FF I o

Displacement with Cu

©

\Deposition

Add a reducing apent

Ag'

/]

Agte—Ag
— Deposition

®

Reducing agent losing e’

[30]

BE K E B PUR LR A .

Meng 557R FIE LG 46 7 3 AR N 10wt% 1)
BLHR, BT T 45 A R 2 s, 25 IR R B, Y
EDTA-2Na i 5 9 10 g/L i), il % B AR AL 8k B A R 47
HIFT AL EEBE R S PE . Zhang Z5P87E 50 °C B SN iR
T, BE SR JE & T SR E N 25wi% AR A
Ky, LAY I i BR TG AT EDTA 38 JR 77 Al 4% 47, EDTA
FHE N4 g/L. KimZEP LI EDTA N &7, I8 i W AHIE
Jir 35 ) % R LA K, 4R 04 K 1738 RS 2 350 nm, 8%
SRR Ty (L AN A R RO R R R AT T R R R
X ARITURR T 2 1R 52, A F 3 B « 24340 571 P e Joft 2k
ARG, 38 R e T3 /N, UURR I B 218 5 I 4 Jis 77 ol |9k
FE )Tt v, DURR S B 3 T vy, 76— 58 Y6 BBl N, AR 2
R TE + JoT R P AR 2R I, DB P PRAIG . (R R
FH R A5 380 3 ) 4 AR L B9y, S FH 76 260 W — I B4R, Ji5
IKE W R BEAR , 19 200 78 R AP AR B8, 1207 S ml
T LA AR S K . Shin 2 H KA HHEGE
R, 75 80 “C N B2 hifill % 1 AR S AR A i Hr , A 7
RILK A WS & K B oA 3:7 B RE SEBLAR 7= RN
97.56%, A28 0.56 pm B A R 45 9t S A P 1 AR 4
M, T T4 S AORE . S AEW R B I R ik 5
71, EDTA 2% & 71 B8 JR i, 148 7 R 4% 2 B VAR

Ag deposits on copper continuously

Silver-coated copper powder
with shell structure

K5 I8 SR 4 AR A B R B R

Fig.5 Schematic diagram of reduction method of silver-coated copper powder preparation®
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Table 2 Comparison of silver-coated copper powder prepared by displacement method and reduction method

Classification of o )
. . Principle of reaction
chemical plating method

Morphology of
silver-coated copper Improvement direction

powder

Multiple silver coating, adjustment of

Copper undergoes a displacement reaction with

Displacement method

the surface of copper powder

Uneven silver pH value, selection of complexing

silver ion, resulting in the deposition of silver on

coating layer agent, and surface activation of

copper powder

Both the displacement reaction and the reduction

reaction occur simultaneously by adding an

Reduction method

additional reducing agent, resulting in the

) . Seeking suitable reducing agents,
Uniform silver . o
) complexing agents, and optimizing
coating layer
parameters

deposition of silver on the surface of copper powder
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Table 3 Views of different researchers on the coating mechanism of silver-coated copper powder

Researcher

Reaction type

Coating mechanism of silver-coated

copper powder

Wan!**

Displacement-+reduction reaction

Pre-stage: a thin silver coating layer and some vacancies are formed on the surface of copper
powder. Mid-stage: silver continues to deposit on the surface of copper powder, and the
vacancies begin to disappear with silver deposition. Post-stage: the growth of the silver

coating layer stops.

Zhao!*%!

Displacement-+reduction reaction

Silver deposits on the active sites of the copper powder to form silver protrusions at the
beginning of the reaction. As silver continues to deposit, the silver protrusions expand and
connect with each other. Finally, silver gradually covers the entire copper powder particle,

forming a dense silver coating layer.

Hai™"

Displacement+reduction reaction

The fully activated surface of copper powder (the oxide and organic matter are removed)
promotes the deposition of silver, and a dense silver coating layer can be formed. The
incompletely activated surface of copper powder inhibits the deposition of silver, and a porous

silver coating layer can be formed.

Xu[48]

Displacement-+reduction reaction

Ammonia solution can remove the oxide layer of copper powder. Silver complex ions in the
ammonia solution are reduced to silver. Silver continuously deposits on the copper powder,

and a complete silver coating layer is finally formed on the surface of the copper powder.

Zhu*?

Displacement-+reduction reaction

When the silver content is low, silver deposits on the surface of flake copper powder in an
irregular manner. As the silver content increases, more silver deposits on the flake copper

powder, forming a dense and complete coating layer.

Grouchko®™

Displacement reaction

Silver nanoparticles formed on the surface of copper nanoparticles by displacement reaction.
The surface of silver-coated copper nanoparticles has many vacancies. The vacancies begin to

disappear with silver deposition and the silver coating layer becomes dense.

Ag

Pre-stage
displacement and
reduction reaction

Fig.6 Schematic diagram of coating mechanism of silver-coated copper powder
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Fig.7 Formation mechanism of the silver coating layer: (a) complete activated surface and (b) incomplete activated surface”
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Fig.8 Formation mechanism of coating layer on nano-silver coated copper powder
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Research Progress on Preparation and Application of Silver-Coated Copper Powders

Li Minggang', Wang Genshen', Sun Dewang’, Lu Binghu’, Guo Xueyi'
(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China)
(2. Anhui Nonferrous Metal New Materials Research Institute Co., Ltd, Hefei 230601, China)

Abstract: Silver-coated copper powder is a composite material in which silver is coated on the surface of copper. It has the potential to replace
silver powder for making pastes, thus cost can be reduced. This paper described the preparation methods of silver-coated copper powder, including
mechanical ball milling, melt atomization and chemical plating. Chemical plating has the advantages of simple equipment and low cost, and has
become the most widely used method in industry. The principle and process of chemical plating were introduced, and the differences between
displacement method and reduction method were compared. Furthermore, the coating mechanism of silver-coated copper powder was
summarized. This paper also introduced the applications and progress of silver-coated copper powder in the fields of conductive adhesives,
electromagnetic shielding coatings and conductive inks. The technical challenges of silver-coated copper powder were identified, the control
model of thickness of coating layer was needed to reduce silver content while maintaining high oxidation resistance. This review can provide
guidance for the preparation method and give a deep understanding on the coating mechanism of silver-coated copper powder.

Key words: silver-coated copper powder; pastes; chemical plating; coating mechanism
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