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Study on the synthesis of carbon nanotube/copper hybrid materials using
copper formate and the applications of flexible printed electrodes

Juhee Kim

Dept. of Nanotechnology Engineering

Pukyong National University

Abstract

Nanostructured conducting materials are one of the most promising fillers
to achieve high electrical properties and durability of flexible printed electronic
devices. Here, we report a commercially available synthesis method for hybrid
materials of single—walled carbon nanotube (SWCNTs) and copper
nanoparticles in aqueous solutions, using copper formate as a copper precursor
in the presence of highly oxidized SWCNTSs as efficient nucleation templates.
The density and uniformity of copper nanoparticles could be successfully
controlled by modifying the density of oxygen functional groups of SWCNTs,
because the copper formate could be selectively attached with carbonyl groups.
Irradiation of a Xenon flash lamp within a time interval of ten second in an
atmosphere condition is used for efficient photothermal sintering of conductive
hybrid fillers. The electrical and flexible properties of the hybrid electrodes is

systematically controlled by changing the relative content of copper formate

Vi



and the irradiation conditions. High durability of the SWCNT/Cu hybrid
materials is confirmed by bending test of 10,000 times with various bending
angles. Finally, an electromagnetic shielding effectiveness and received signal
strength indicator of the SWCNT/Cu hybrid samples is measured at the
frequency range from 1 GHz to 10 GHz. For practical applications, the flexible
EMI shielding pouches with a size of 10 cm x 15 cm are fabricated and

demonstrated upon 2.4 GHz Bluetooth circumstance.
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1. Carbon nanotube (CNT)
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¥ 1 BAYeFE] 24 [25]
SWCNTs MWCNTs
Diameter” (nm) 0.5-2 (1-1.5) 5-200 (10-40)
Length few umup to 20 em | few to hundreds pm
dooz (A) - 3.39-3.48
Apparent density 0.5-1 (film) 0.02-0.3°
(g/em’)
Sger(m/g) 400-900 150-450
Porosity {t:ms.-"g) MICTOpoTous MEsoporous
Vinicro: 0.15-0.3 Viniero: 0.5-2
Young modulus 1.05-1.3 0.5-1.2
(TPa)
Tensile strength 45 to 150 3-30 to 150°
(GPa)
Electrical resistivity 6.107 0.6-2.107
(€.cm)
Electrical conductivity 550 B0-1000
(S/em)
Thermal conductivity® 1000-6000° 300-3000

(W/K.m)




2. Cu metal organic decomposition (MOD) complex

Tels AYE AT S5 A28 BHoR o F gL AFE A
A o FEus Agolth SAW e 47 LEY AUHow

ghe b g ow Ad A Atsh WA A% W@ A 29077

ol g &&Aoleke o] o] vt [19, 35-371.

ol#l gt o] = HZ 78] MOD ol &k B2 A7) o] FoA AL Ut} ¢
MOD A o]l Ab&-%+= A 7-A= copper acetate " ? | copper oleate *”
o & bk FR7F SAskA N, AT gkdo] Thed e EHo]EVL
ArA o7 AGHET. g8 EZHo]Ex uHgkd 917 ¥AHo] Thesh,

AZE g0 e §7] FFow Astel we ol e 2] shsset,



Cu(HCO0), — Cugs)+ Hyy T+2C0, 1

78] MOD A|ZelA ofvlIZ|E Zh= ZstAle] H7be g==A] T4
o] EQ AR 7F v oA JAE F RS s, AV dEE
P& AT 2 MOD = &8 HgolA d B F24 dAE AAA
=, 100£120°C ol 2l @A7F dAgste] 2] A 7F ol o3
RalE 8 Yol ATk 2 3 FD WA BEs) sl E e v
ol e WFAZ ZHgate] T2 A Aoz Aoj7} bsatt. ol

ol A& Aok Fath 2]l T styelty. &S AbE Y ofvlE ¢ AR

Aepst Fgel mejo] e Evl ofe] whel ATA BAM P Ao =E
Aol & it} [19, 36, 41]. AZE MOD §1e Thret 340 488 4

o] A, e AMAIE HAA b 22 v Zokel 580l 7hs sttt [42,
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4. Intense pulsed light sintering (IPL sintering)

2
oo

Intense pulsed light (IPL) #4Z4 ¥4 Kinney et al.o] 23] =
2ME R YT, S5 22 thFsh Ao Hgo] 7HEste] B

A7k o] Fo] X oL It} [51-53]. 71H 6 ¥ o] 380~950 nm ¢ Wl 34

o] AshE o] sl o] ado] AFseth Ak WzolA HAlEL
W age gaE Ao AT ARES Qstele] ol ZehzulE A4 H

Q7ka A7leluAZE W oA WMEAC waE sAGA el
3]

Hiel & 2ds s F S5 FUiststeior dd. ol

grre] wEA e AAd 99 Axn Frets) gEe] s)we

2ol ms W] a1 Aol Ths stk doltt [52-56]. IPL FAad2
T2 eF 22 Abslel] i7hek Aol Atsl WA Qlo] &~F Thsste] TElE

L T sl e -2 BEagel g P Fokel
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5. Electromagnetic shielding (EMI shielding)

ad= A7 9 A7) 44§ 27738 BlE2 26k decibel (dB) 2 UERATEH
Aok 2ol s F5, WAL O WARR U S Q0 o] ] 3ol &8-S 3 714
29 7| EE g3t Zlo g o el A} [57, 62, 63].
SET = SER + SEA + SEM
SEg : REALe] o) 5k 2}+| &3, SE, : 7ol & 25 &3, SE),: ths WAl o
) )
Axks Aolel A bt dAUSS B4 2<lo] Brh AAT WA A2

Sl A= 2| & Aol A4t field oF A Z 2F-E-817] 919 A 8f o] Fo] L 7H T

Ao A7) ARAS A EAE ARFE RS opAW ERE
Z7HA1E ZE A 4TS FEE B2 WAL A ZAE HANE A8
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ELECTRIC FIELD

MAGNETIC

PROPAGATION
DIRECTION

I3 7. Electromagnetic radiation vector [61]

Reflected EM wave

|

) Multi-refelcted EM wave
Incidentwave Sy, T B B e = T T - >

“",“A
L:‘-" /e//
-.‘_“ﬂ '-._“““ :‘_‘j
L
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= T o

x =L K]

@ B &

a% 8. A A el Ak AApae] 2wl AU F [66]
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Emission Transmission Electron Microscope, FE—TEM, JEM—-2100F,

JEOL) &= &8l 33t

2) AU RE HE AX

AZSET 1 F 80°C o) AF LBolA 1 A7 Axste] AESE SRS

AA s

3) 2&de T 7IEd7] Ao
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S
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FoF FSIAY. 1 5 Ak A7) W XA FEA 23 X-ray
photoelectron spectroscopy, XPS, Multilab 2000, Thermo Fischer
Scientific) ¥ Raman ¥3%37 (Raman spectrometer, NTEGRA Spectra,
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