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� ��� �� �� Cu ��� ���� ��� ���� � ! "�#� $% �

& '() �� *+, �'� -. /01� Cu ��� 23) 45�67. 7
o
C89 48%� "�! 30 g� Cu2O�

�� �:89 �'( Cu2O ��;� �<�=9 ��;#� (>� ?@A B, Cu CD��;� ���E7. �F

GH IJ�� @K) L�� ��;#� (>� JM N�A 224 nm O�� Cu ��;) ��P , QE7. �
� �

� Cu �� 5R89S (>A TU� �V ��;� 7W XY�6$ ��;#� Z[\� ]\ ^_�E1C, `ab

) �� cd efc�g!� h2 F8S (>A TU� �V ��;� ij�$ ��;#� Z[\;� kl�m �

�;� (>� noS <�) ^_P , QE7. 

Abstract: With the aim of using a filler material in a conductive paste, fine Cu nanoparticles were synthesized through

the high-speed chemical reaction between cuprous oxide (Cu2O) powder and sulfuric acid in distilled water. Under external

temperature of 7
o
C, sulfuric acid concentration of 48%, and Cu2O amount of 30 g, the Cu2O particles were eliminated

and slightly aggregated Cu nanoparticles were synthesized. Futhermore, Cu nanoparticles of 224 nm, in which the

aggregation between particles was obviousiy much suppressed, were synthesized with the choice of an additive. In the

particle sample, occasionally there are coarse particles formed by the aggregation of fine nanoparticles and weak linkages

between the nanoparticles. However, the coarse particles were destroyed and the linkages were broken after mixing with

a resin formulation, indicating the behavior of untangling the aggregation between nanoparticles.

Keywords: Cu nanoparticle, filler, high-speed synthesis, aggregation, 3-roll milling 
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@ � �'R �@� L7 j !� ��"� �T

� [7 4@ ���� ��F $!�, ���L 
@ �

L F� lT�E wE�) ��sB Wk �T�5 I

�sB "�� �� 
� 
�� J�s�.
7-10)

h{� Cu Hf ��sk)� �Tf ��3�@ }

� 
W ��!�� Cu H Wk5 Ag� ��� core-

shell u� Ag �� Cu HL ��5 � P $�.
3,8-10,11-19)

��� Ag �� Cu JKHf �xs� �� ����

� -' C}@�) lT 3 7.59×10
-5

 Ω·cmL �@��

�f z�S�z,
3)

  _ ^.¡�(silane coupling agent)

f ��� Wk ��w ¢�  £� JK Wk ¤v¥L

��5 67 
@ ��) lT � 2.4×10
-4

 Ω·cm P¦L

�@���f z�S� ?!� �#� § $�.
14)

 ¨©)

YX ��� ª 4@ «¬� U�5 �us�  �C

®�� Ag �� Cu JKHL  �� p� ¯B °F

± ?!� @
��. U² )³ ´�¯µ� Ag �� Cu

JKHL l� '9 GF 3 ����L a�f °F

3�� ¶� a� ·'�(viscosity reducer)L ¸O5 P

�O P $= [¹�� º�"� a� @¦�) �� »

X JK95 GFO P $� @¼f ��sB ��. ¨©

) )³ ´�¯µ(sub-micron)� JKHL  � 3 ´

�¯µ� HRL ~  �&5 6s| GF JK�L ~


Tf 6� ����L ���� pc5 �1O P $

�. ½¾K ~¿ �= rj² Àu"# $� Á�Â 'N

(pulsed light sintering)¥ ¸3 PÃ~PÄ nm�L Cu H

f ��s# $�.
20,21)

 

Å Àu�)� c@R ¢X  �5 #Æs| ½d�Ç

(cuprous oxide, Cu
2
O) CÈw d�(H

2
SO

4
)ÉL oÊ5 �

�� �Ë �E!� 100~300 nm� Ì] Cu HL &�

5  3sÍ�. @ÎL ��� Cu H &� ÀuF 1 μm

�cL Hf &�s�z 100 nm ÌyL Hf &�

s#, #FL ��f ��s�z 43ÉL oÊ5  3

� ok,
22-24)

 Å Àu�)L Cu H &�X °ÏP(DI

water) @o�) PC S� oÊ� ÐÑ"� U�5 z�

S�� Ò�� ª FM lmn� �� �P� Cu H &

�¥!� #Æ��. 

2. ����

2.1. Cu ���� ��

Å Àu�)� °ÏP �� @o�) d�(95%, Samchun

Pure Chemicals Co., Ltd.)wL #� oÊ5 }� Cu �u

g� ½�TÇ(95%, Junsei Chemical Co., Ltd.)5 ��s

#, Ó©Ô(gelatin, C
102

H
151

O
39

N
31

, 99.97%, Duksan Pure

Chemicals Co., Ltd.)5 ÕÖ� ��� GF�f ��s|

Ì] Cu H &�5  3sÍ�.

350 mLL °ÏP� 50 gL Cu
2
OR 0.4 gL Ó©Ô5

×&� �Ø� 24% Ù�� ÚÛ3Ü d� 100 mLf �

X � ×&�Ø5 Ýh!� Þ�� Tß oÊ5 x�s

Í�.  � Tß oÊX PC �S� àÑ"� ?!� �

á"â!z, ãC� oÊ � (ä� $� Nw�5 å�

s@ }7| oÊ x�3ÉX 15C!� æEsÍ�. ç

� oÊ 3�èL ®� ��� c�(25
o

C) ç� 7
o

C� x

�sÍ#, �� �� ~ L oÊ �é5 æEs@ }s

| ÚÛ d�L Ù�f êT3��z Cu
2
O ª Ó©ÔL

�5 êT3ë �ì�. ´�í!� ~ !� æE� T

ß oÊ �é�) &� Cu HÉL Êî(aggregation)5

��3�@ }� GF�� ïvÕðñ�vò(polyvinyl

pyrrolidone, PVP, (C
6
H

9
NO)

n
, Mw=10,000, Sigma Aldrich),

ó��ô(dextrin, C
6
H

10
O

5
)·H

2
O, Samchun Pure Chemicals

Co., Ltd.), ½©õö(arabic gum, C
26

H
34

N
2
O

13
, Samchun

Pure Chemicals Co., Ltd.), ÷-øÕù(d-sorbitol, C
6
H

14
O

6
,

97%, Samchun Pure Chemicals Co., Ltd.) q5 GFs| ~

Ð Ò�"� Cu HL ~ Tf x�sÍ�.

2.2. �� ����� 	


&� ú� zûHL ¯@ ª Ic �áw cCÛ5

}7 �ü�ý þ��äÌl(field emission scanning

electron microscope, FE-SEM, JSM-7500F, JEOL Ltd.) �

á ª X-� ¼£(X-ray diffraction, XRD, D8 Focus, Bruker

AXS GmbH) CÛ5  3sÍ�. �K� CÛ5 }� é

� CÈX &� ú�L �Ø5 7,000 rpm ��L Z�C

vf  3s| c�Ø5 ̈ ©S#, ���(ethanol, C
2
H

5
OH,

95%, Samchun Pure Chemicals Co., Ltd.)5 �Hs| ]�

s� wE5 3¼ o%� �� h�� �� S�) c�

é�sÍ�.

~  �é�) &�� Cu H� �	3(epoxy) @o

L 
� ��
�(resin formulation)w 7:3L ABÕ�

×&s| ����� ��sÍ�. Cu HR 
� ��


�wL ×&�� �-�� ×&@(Paste mixer,

PDM-300, Dae Wha Tech Co., Ltd.)R �Å�(3-roll mill,

Nano D, Nano Technology Co., Ltd.)5 ����Q, ×&

@ �� 3 � ª �� ��� �� 800 rpm�â!�,

30�É ×&5  3sÍ�. ��� ����� 150
o

C�

) 30CÉ lT3Ü � 8 �k5 À´s| þ��ä

Ìl �á5  3sÍ�.

3. �	 
 ��

Fig. 1X 50 gL Cu
2
O ª 0.4 gL Ó©Ô GF �é�)

24%L d�5 oÊO l� ®� �� êT� ¨� &�

H�L Ic ª Êî êT Nw��. c��) oÊ5

 3� l�(Fig. 1(a)) oÊs� ¶X Cu
2
O H(���

WkL ��I H)�w :�= oÊ Ò�� H��

Ç3� �á"â!z, H�ÉL Êî� �� �� N

wF �á"â�. ok� 7
o

C�) oÊ5  3� l�

(Fig. 1(b))� oÊs� ¶X Cu
2
O H�w oÊ Ò��

H�� Ç3� �á� Nw� Ç�sÍ!z, H�É
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L ÊîX c
 !� �� NwF �á"â�. ç� �

3Ñ 1� Cu
2
O HR �P Cu� ��� &� Ì] H

ÉL Êî� �� !� �á� ok, &� Ì] H

�ÉL ÊîX c
 !� �s� ¶ì�. ¨©) c@

Cu
2
O HR &� Ì] HÉL ÊîX �Þ� �Ò�

(heterogeneous nucleation) ª �4 @uf 67 ��=�

?!� CÛ"�Q, ��L °F� �ZoÊL ��f °

F3ë �� �� 3É� Cu ZL Ù�f �Ò� P¦

!��� Y�!�  �Þ� �Ò�5 }� �ü �Ò�

4!(critical nucleation barrier) ΔG
*f "##, N$ �Þ

� �Ò� ª �4 ��f Y�!�  Cu
2
O HR &�

Ì] HÉL Êî5 F�3�� ?!� 7Û��.
25)

  

� 24%L ÚÛ d�5 4H� ú� c��) oÊ3Ü

×&�ØL ��� j� oÊ� L7 35
o

C� �� ok

� 7
o

C�) oÊ3Ü ×&�ØL ��� 18
o

C� �ws

Í�. H�ÉL �z% ÊîX ��L Ag �� ª �

��� ��f }� 
� ��
� ×& wE�) &

��� '�sB "�� ��L Cu H &� oÊ�X

Ò� H�ÉL Êî5 ~'T3�@ }s| 7
o

C�)

 3sÍ�. ½¾K ÌoÊ� Cu
2
O H�5 (�@ }

7 d�L Ù�f :; Y| Cu H &� oÊ�5  

3s# sÍ�.

Fig. 2� 7
o

CL ®� ���) d� Ù�L êT� ¨

� &� H�L Ic ª Êî êTR XRD Nw��.

d�L Ù�F 24%[ l�(Fig. 2(a))� Õ7 48%[ l�

(Fig. 2(b))�) ÌoÊ Cu
2
O H�� ¯B ·'sk)

Fig. 1. In the addition of 50 g Cu2O and 0.4 g gelatin, SEM images of nanoparticles synthesized by the reaction with 24% H2SO4 as

a function of external temperature: (a) room temperature and (b) 7
o
C.

Fig. 2. Under external temperature of 7
o
C, SEM images of nanoparticles synthesized at different sulfuric acid concentrations and an XRD

result: (a) 24%, (b) 48%, (c) 72%, and (d) XRD result of nanoparticles formed at the concentration of 48%.



128 ����������	


���� � ������ �23� �4� (2016)

H�ÉL Êî� �� NwF �á"â�. 8Kz d

�L Ù�F 72%[ l�(Fig. 2(c))�)� ÌoÊ Cu
2
O

H�� �L �á"� ¶ì!z, H�ÉL ÊîX �

' °F� NwF �á"â�. ×&�ØL �� ª pH)

5 *E� Nw, 24%L ÚÛ d�5 4H� ú� ×&�

ØL �� ª pH� 18
o

C ª 1.26Í+ ok, 48%L ÚÛ

d�5 4H� ú��)� 23
o

C ª 0.45Í#, 72%L Ú

Û d�5 4H� ú��)� 32
o

C ª 0.22Í�. e, d�

L Ù�F °FOP, ×&�ØL ��� °Fs# pH

� ·'s� lp� -å² �á"â�. �cL � �

��� ÌoÊ Cu
2
O H�L � êT ª H�ÉL Ê

î E� êT Nwf 7Ûsk ��w ¢�. d� Ù�F

�@ 24% E�[ P¦�)� *) .L� §R ¢� d

�L �/!� w�� ÌoÊ Cu
2
O H�L 0Îw �

Þ� �Ò� ª �4 �Ç @u� L� H�ÉL w�

Êî� �á"â!z, d�L Ù�F 48% P¦!� �7

�k ÌoÊ Cu
2
O H�� ¯B ·'sB "#, �� ¨

© �P Cu� ��� &� Ì] H�� Þ� �Ò�

(homogeneous nucleation) ª �4 @u� ��"= Ò�

"=- ?��. �1 �Ì] H��� �� & H�

�4s� wE�) HÉL �2w �Z� �P Cu Z

�L �� [ ��X H�ÉL Êî5 @sB �

�. � l� �ØL �� c3X HÉL �2 å45 °

F3�#, �Z� Cu Z�L ��5 °F3�B "�

� H�ÉL Êî5 �� 2�3�� Nwf xjsB

± ?��. �� ¨© d�L Ù�f 72% P¦!� °F

3Ü l� ÌoÊ Cu
2
O H�5 �L ��"�y, �Z

oÊ� 	j !� ��"k) �ØL ��F :; c3

Fig. 3. Under external temperature of 7
o
C and sulfuric acid concentration of 48%, SEM images of nanoparticles synthesized at different

Cu2O amounts: (a, b) 50 g, (c, d) 40 g, and (e, f) 30 g.
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s�� Ò� H�ÉL ÊîX :; �7�B ��. 

48%L d�!� oÊ3Ü 3ÑL XRD Nwf Fig. 2(d)

� z�Sâ�. �c�+ §R ¢� 5Ì9L Cu
2
O c�

öý"= ÌoÊ Cu
2
O H�� Ì9 0Îs# $â!

z, åÀ� Cu ñ¯(peak)L öý��� Ò�� Ì] H

�X �P Cu c�5 å[O P $â�. #�L Tß

oÊ!� [� HÉL Êî5 à�² í@� �� =

Æ�z �f ~'T3�� oÊ¥5 å�s# p� o

Ê��� 48%L ÚÛ d�5 ��sÍ#, Ì9L ÌoÊ

Cu
2
O cX Cu

2
O GF95 (�� �¥!� ��s#

sÍ�. 

Fig. 3X 7
o

CL ®� �� ª 48% d� Ù��) Cu
2
O

� êT� ¨� &� H�L Ic ª Êî êT Nw�

�. 50 gL Cu
2
O � �é(Fig. 3(a, b))�� úl 700 nmF

6� c
 !� �
� ¯@L H�� �P �á"�

ok, 40 gL Cu
2
O � �é(Fig. 3(c, d))�)� �
� Cu

H�� 
�C �©�k) Ò� Cu HL 7Þ H�

F 8� 9B ·'� Nwf �áO P $â�. ç� Cu
2
O

�5 30 g�� ·'3Ü l�(Fig. 3(e, f))�)� Ò� Cu

H�L 7Þ H�F :; ·'sk) Þ�7�� Nw

f :5 P $â�. �ug� ��� Cu
2
O CÈL � ·

'� �Ø S �} �ñ; Ò�"� Cu ZPf "#�

�< �} 3É; oÊ�5 ·'3ë �ØL �� c3

5 ��3��� H�ÉL Êî ª H �45 ��

3�� Nwf @sB ± ?��. 

Fig. 4� 7
o

CL ®� �� ª 48% d� Ù��) 30 g

L Cu
2
O GF 3 &�� HL XRD Nw��. *) Fig.

2(d)L XRD NwR� =v Cu
2
O c ñ¯F �> �á"

� ¶½ oÊs� ¶X Cu
2
O HF �L 0Îs� ¶�

5 (å[O P $â�. �< Cu
2
O �5 30 g�� ·'

3Ü l��)� Ò� Cu H�ÉL ÊîX ?B �á

"â�Q, ��ÉL Êî5 ~'T3�@ }7 ��L o

Ê�)� Ó©Ô GF�L � �£w GF�L êTf  

37 �ì�.

Fig. 5� 7
o

CL ®� �� ª 48% d� Ù��) 30 g

L Cu
2
O GF 3 Ó©Ô GF9 êT� ¨� Ò� Cu H

�L Ic ª Êî êT Nw��. @Î 0.4 gL Ó©Ô

GF9 �é(Fig. 5(a, b))� Õ7 0.8 g �é(Fig. 5(c, d))

�) �'ÉL HÉ Êî� �á"â�y, Ò� Cu H

ÉL Êî� ¯B i�� Nwf �áO P $â�. �

l� Ò�� Cu HL 7Þ ¯@� 136 nm� *E"â

�. �K� Nw� @A�(capping agent)� GF� Ó©

ÔL �5 ~ T3B l� Ò� Cu HÉL Êî� ¯

B i�± P $�5 C �|¦�. �< Ó©ÔL �5

1.2 g ª 1.6 g!� °F3Ü l�(Fig. 5(e-h))�)� �²

Æ Ò�� Cu HÉL Êî� �' �7�� Nwf :

â�Q, �� �z% Ó©ÔL GF� a�F YX Ó©

Ô @oL Êî� �� !� �á� Nw� 7Û"â

�. Ò�"� Cu H�ÉL Êî5 �� i�3�@ }

7 �� GF�L êT� ¨� Cu &� Nwf �á7 �

ì�.

Fig. 6X 7
o

CL ®� �� ª 48% d� Ù��) 30 g

L Cu
2
OR GF 3 GF�L êT� ¨� Ò� Cu H

�L Ic ª Êî êT Nw��. 1D l��) GF�

L �X 0.8 g!� #EsÍ�. Fig. 6(a, b)� GF�� Ó

©Ô 
« ïvÕðñ�vò5 GF� l��) Ò��

Cu HL Ic ª HÉ Êî E�f �|¦�. 
iL

Cu H�L ¯@F 100 nm Ìy!� �á± yE ��

Ì]� Cu H�� Ò�"â�y, �� ÕFs| H

�ÉL Êî ¸3 �� �� cd�5 �áO P $â�.

ok GF�� ó��ô5 GF� l�(Fig. 6(c, d))�)

� Fig. 5(c, d)� Õ7 Ò� Cu H�L ¯@F �' °

FsÍ!z, H�ÉL ÊîX ¯B i�"� ¶X N

wF �á"â�. ç� GF�� ½©õö5 GF� l

�(Fig. 6(e, f))�)� Fig. 5(c, d)� Õ7 Ò� Cu H�

L ̄ @F Ì]sB °FsÍ!z, H�ÉL ÊîX Ì

]sB i�� NwF �á"â�. �� Õ7 GF��

÷-øÕù5 GF� l�(Fig. 6(g, h))�)� 8� 9B

�� Nw�� �á"â�. e, H�ÉL Êî!� [

7 �
T� H�� FGH �á"â�y, 
g !�

� H�ÉL Êî� 8� 9B ·'� Nwf :5 P

$â�. ç� Fig. 5(c, d)� Õ7 Ò� Cu H�L ¯@

F �' °Fs| 7Þ Hl� 224 nm� *E"â!z,

� ¸3 �� Ì]� ¯@� 7F"â�. � 3Ñ� *)

�#� 1D 3Ñ� ��) H�ÉL Êî� F4 `

� ?!� CÛ� §, �� � 3Ñf JK� ��� �

���f ��7 �ì�.

Fig. 7X Fig. 6(g, h) Hf JK� ��s| ����

�� 3 ×& �¥� ¨� lT � �k Ì]�ú Nw�

�. �-�E ×&@y5 ��� l�(Fig. 7(a, b)) Cu H

�ÉL Êî� Iv� ¶X ?� �á"= 
� ��


�� H ��� J�s� ¶ì#, �� [7 �ÇFig. 4. XRD result measured with the powder of figure 3(e, f).
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(void)�� �P Î(s� �k Ì]�ú� �á"â�.

�� Õ7 � ª �E ×&@f ��� Ko � �Å�

� 3¼ 4H� ����L l� Cu H�ÉL »X Ê

î��� C7"= iL HT� �ú� �á"â#, �

� [7 
� ��
�� H ��� ãC² J�s

k) �ÇL Î(F ~'T� lT �k� �á"â�.

Fig. 5. Under external temperature of 7
o
C and sulfuric acid concentration of 48%, SEM images of nanoparticles synthesized with 30 g

Cu2O as a function of added gelatin amount: (a, b) 0.4 g, (c, d) 0.8 g, (e, f) 1.2 g, and (g, h) 1.6 g.
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¨©) ÷-øÕù(d-sorbitol) GF�L �� �é�) ~

 T� �E uä 3 7Þ Hl 224 nmL Cu H��

&�"#, Ò� Cu H�ÉL ÊîX �s� ¶½ �Å

�5 ��� ×& �E 3 Êî� IML �
 H��
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P $â�. 

Fig. 6. Under external temperature of 7
o
C and sulfuric acid concentration of 48%, SEM images of nanoparticles synthesized with 30

g Cu2O as a function of additive type: (a, b) PVP, (c, d) dextrin, (e, f) arabic gum, and (g, h) d-sorbitol.
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