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There are two well-known synthetic approaches for copper nanowires (CuNWs): ethylenediamine (EDA)-mediated synthesis
and alkylamine-mediated synthesis. The alkylamine-mediated synthesis produces very high aspect ratio nanowires but
requires an autoclave for high-pressure environments, and a long reaction time, which normally is above 12 hours. The
EDA-mediated synthesis can be carried out under normal conditions and requires 30 min. The CuNWs produced by this
method have an average aspect ratio lower than 1000 and are produced in a lower yield. In this paper, the researchers
present a modified EDA-mediated synthesis to improve the yield and reduce the synthesis time. When NaOH and
Cu(NO3)2 were replaced with KOH and CuClI2, respectively and the reaction temperature was kept at room temperature,
the synthesis time was shortened to 15 min. Moreover, the aspect ratio of the as-synthesized Cu NWs increased to 650
and the synthesis yields raised from 17.73% to 80.16%.
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Fig. 1 Mixtures at final stage of 4 experiments : (a) KOH test, (b)
CuCl, test, (c) Room temperature test, (d) Combination test

Time to make a perfect cake

Experiment (minute) Average length (um) Average diameter (nm) L/D Yield (%)
KOH test 10 3339+9.1 85.14 £25.25 397 17.73
CuCl, test 10 36.89 + 10.72 75.80 £ 25.09 487 59.38

RT test 15 43311391 72.0 £20.18 601 43.98
Combination test 15 46.71 £10.67 71.43 £17.02 654 80.16
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Fig. 3 Images from videoscope of (a) KOH test, (b) CuCl, test, (c) Room temperature test, (d) Combination test




ro
H
0z
=
O
o
Toh
A
2
w
a
il
=
(6]
to

May 2018 /549

2.3.3 29| At
A 2= = 58 W ARPIE sk S8
o2 Bt Table 19] A2 H HE2 8 4202 W3
Teluieetolole] o] Bl 589 SIS & 5 ot ]
—TLEOHH G2 eofoolo] A& 7TREARITE Aol &
HF B @2 AR @l e Feukieglo]of
MA171741 Hop e, 2 Agehs As e BUES
] B ARE 9 60°CR FAIAIR - B AL A7) ¢
< Hieloo7t AAE Aoleks 7He 7HAIAL ARolM B4
Hkgo] dojutes: sieirh. Aik= 7IHiRt AA ™ FEuieeto]
ole] ol 3339 umoflA 4331 um= I7REIGeH, A5
85.14 nmoj|A] 72 nm=z 7}AEhe] 7|E&RTE TR Q] Lieofo]
o1& ¥& & USITh W ohRf SEE2 17.73%C]4 43.98%
2 JlAdo] ofRojFlom, AAH e m oMl jEgo] Aole}

e 2 12

>

A

o

o i Y 2 e o

™ N

2.3.4 KOH, CuCl, ¥ 2= Zto| st

oflA AT HEES skl 71 WO NaOH, Cu
(NOs); & KOH, CuClL= thAsto] HR3-& £31 Al7]aL, 58] o]
29| FEE 7R ETF 2ol hgo] dojuEs jko
2N 7 =2 & 9 IAHY eueeolols IS 5
ATt Fig. 1(d)ellA He AAE 7P Dy FLevieetolof

Aol=27F &4 ol WL, ofgf Ho] 7 HE A & &
AUtk A A AR 158 mTko|glom, iglojole] Zo],
A 5& 217} 46.71 pm, 71.43 nmz 7]Eo]| B]sf ILAPH] o] AL
iglo|o]2 ALt SEBT 80.16%% Z7|510] AT SRA)
9 AH]g- FEjubieefolo] o] 7HsthE & 4= Sl

3.8

2 Aol ER ARl ARlg-o2 AR (L/D-650)°]
TeuietololE esk= 7iAlE EDA i edwle ZiEst
OﬂE} Ak Ho”%ﬂ—% Olﬁ’sﬁ JIA a9 ?ﬂb}iﬂ*’lfﬂé 80.16%
A=
*UHXﬂ—J a4 SPDﬂ CUClzt T li—i AsAR 58
A A7 71098kaL, Ao A o] 1he2 Frelutieglo] o]
o APl 2A S RS elskt

ACKNOWLEDGEMENT

o] =E-2 2017HE R (@R, v RIS Yo
AFAYFIA AL ol 2 7| 2AT B e 274 A
g9 AFdel(Nos. 2017R1ID1A1B03029074, 2017R1C15014970,
170626010).

REFERENCES

1. Rathmell, A. R., Bergin, S. M., Hua, Y. L., Li, Z. Y., and Wiley,
B. J., “The Growth Mechanism of Copper Nanowires and their
Properties in Flexible, Transparent Conducting Films,” Advanced
Materials, Vol. 22, No. 32, pp. 3558-3563, 2010.

2. Hecht, D. S., Hu, L., and Irvin, G, “Emerging Transparent
Electrodes Based on Thin Films of Carbon Nanotubes,
Graphene, and Metallic Nanostructures,”
Vol. 23, No. 13, pp. 1482-1513, 2011.

Advanced Materials,

3. Gordon, R. G, “Criteria for Choosing Transparent Conductors,”
MRS Bulletin, Vol. 25, No. 8, pp. 52-57, 2000.

4. Sagar, R. U. R, Zhang, X, Xiong, C, and Yu, Y,
“Semiconducting Amorphous Carbon Thin Films for Transparent
Conducting Electrodes,” Carbon, Vol. 76, pp. 64-70, 2014.

5. Kim, K. S., Zhao, Y., Jang, H., Lee, S. Y., Kim, J. M,, et al,
“Large-Scale Pattern Growth of Graphene Films for Stretchable
Transparent Electrodes,” Nature, Vol. 457, No. 7230, pp. 706-
710, 2009.

6. Ding, Z., Zhu, Y., Branford-White, C., Sun, K., Um-I-Zahra, S.,
et al., “Self-Assembled Transparent Conductive Composite Films
of Carboxylated Multi-Walled Carbon Nanotubes/Poly (Vinyl
Alcohol) Electrospun Nanofiber Mats,” Materials Letters, Vol.
128, pp. 310-313, 2014.

7. McCarthy, M., Liu, B., Donoghue, E., Kravchenko, 1., Kim, D.,
et al., “Low-Voltage, Low-Power, Organic Light-Emitting
Transistors for Active Matrix Displays,” Science, Vol. 332, No.
6029, pp. 570-573, 2011.

8. De, S., Higgins, T. M., Lyons, P. E., Doherty, E. M., Nirmalraj,
P. N, et al., “Silver Nanowire Networks as Flexible, Transparent,
Conducting Films: Extremely High DC to Optical Conductivity
Ratios,” ACS Nano, Vol. 3, No. 7, pp. 1767-1774, 2009.

9. Lee, D., Paeng, D., Park, H. K., and Grigoropoulos, C. P.,
“Vacuum-Free, Maskless Patterning of Ni Electrodes by Laser
Reductive Sintering of Nio Nanoparticle Ink and Its Application
to Transparent Conductors,” ACS Nano, Vol. 8, No. 10, pp.
9807-9814, 2014.

10. Ge, Z. and Wu, S.-T., “Nanowire Grid Polarizer for Energy
Efficient and Wide-View Liquid Crystal Displays,” Applied
Physics Letters, Vol. 93, No. 12, Paper No. 121104, 2008.

11. Song, M., You, D. S., Lim, K., Park, S., Jung, S., et al., “Highly
Efficient and Bendable Organic Solar Cells with Solution

Processed Silver Nanowire Electrodes,” Advanced Functional
Materials, Vol. 23, No. 34, pp. 4177-4184, 2013.

12. Cui, F, Yu, Y, Dou, L., Sun, J., Yang, Q., et al,,
Ultrathin Copper Nanowires Using Tris (Trimethylsilyl) Silane

“Synthesis of
for High-Performance and Low-Haze Transparent Conductors,”
Nano Letters, Vol. 15, No. 11, pp. 7610-7615, 2015.

13. Han, S., Hong, S., Ham, J., Yeo, J., Lee, J., et al, “Fast
Plasmonic Laser Nanowelding for a Cu Nanowire Percolation



550/ May 2018

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Network for Flexible Transparent Conductors and Stretchable
Electronics,” Advanced Materials, Vol. 26, No. 33, pp. 5808-
5814, 2014.

Li, J. and Zhang, S.-L., “Finite-Size Scaling in Stick
Percolation,” Physical Review E, Vol. 80, No. 4, Paper No.
040104, 2009.

Bergin, S. M., Chen, Y.-H., Rathmell, A. R., Charbonneau, P., Li,
Z.-Y., et al., “The Effect of Nanowire Length and Diameter on
the Properties of Transparent, Conducting Nanowire Films,”
Nanoscale, Vol. 4, No. 6, pp. 1996-2004, 2012.

Shi, Y., Li, H., Chen, L., and Huang, X., “Obtaining Ultra-Long
Copper Nanowires via a Hydrothermal Process,” Science and
Technology of Advanced Materials, Vol. 6, No. 7, pp. 761-765,
2005.

Li, S., Chen, Y., Huang, L., and Pan, D., “Large-Scale Synthesis
of Well-Dispersed Copper Nanowires in an Electric Pressure
Cooker and their Application in Transparent and Conductive
Networks,” Inorganic Chemistry, Vol. 53, No. 9, pp. 4440-4444,
2014.

Chang, Y., Lye, M. L., and Zeng, H. C., “Large-Scale Synthesis
of High-Quality Ultralong Copper Nanowires,” Langmuir, Vol.
21, No. 9, pp. 3746-3748, 2005.

Ye, S., Rathmell, A. R., Stewart, 1. E., Ha, Y.-C., Wilson, A. R,,
et al, “A Rapid Synthesis of High Aspect Ratio Copper
Nanowires for High-Performance Transparent Conducting
Films,” Chemical Communications, Vol. 50, No. 20, pp. 2562-
2564, 2014.

Ye, S., Rathmell, A. R, Ha, Y. C., Wilson, A. R., and Wiley, B.
J., “The Role of Cuprous Oxide Seeds in the One-Pot and
Seeded Syntheses of Copper Nanowires,” Small, Vol. 10, No. 9,
pp- 1771-1778, 2014.

Choi, H., and Park, S.-H., “Seedless Growth of Free-Standing
Copper Nanowires by Chemical Vapor Deposition,” Journal of
the American Chemical Society, Vol. 126, No. 20, pp. 6248-
6249, 2004.

Haase, D., Hampel, S., Leonhardt, A., Thomas, J., Mattern, N.,
et al., “Facile One-Step-Synthesis of Carbon Wrapped Copper
Nanowires By Thermal Decomposition of Copper (II)-
Acetylacetonate,” Surface and Coatings Technology, Vol. 201,
No. 22, pp. 9184-9188, 2007.

Wiley, B. and Rathmell, A., “Compositions and Methods for
Growing Copper Nanowires,” US Patents, 20130008690 Al,
2010.

Rathmell, A. R. and Wiley, B. J., “The Synthesis and Coating of
Long, Thin Copper Nanowires to Make Flexible, Transparent
Conducting Films on Plastic Substrates,” Advanced Materials,
Vol. 23, No. 41, pp. 4798-4803, 2011.



	EDA 매개법을 이용한 고세장비 구리나노와이어 합성법의 개선
	1. 서론
	2. 본론
	3. 결론
	REFERENCES


