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Abstract: In this study, we fabricate a unique and versatile copper precursor-based solid-state ink for potential application
to flexible electrodes. Initially, copper (II) formate tetrahydrate as a copper precursor is stabilized in organic solvent (tol-
uene) by the ionic complex of alkylamine (octylamine) molecules. The copper solid-state ink is then produced by
exchanging the organic solvent with four different types of paraffin wax with solution casting method. The copper solid-
ink is successfully transformed to copper layer as it is thermally treated at temperatures of more than 150 °C for various
sintering times. Current-voltage (I-V) curves and sheet resistance are measured to confirm the electrical conductivity of
copper layers formed from the solid-state ink. DSC, TGA, and rheometry experiments are also conducted to find thermal
and rheological properties of the solid ink. In addition, mechanical bending tests of the copper layer printed on polymeric
substrates are conducted to find its potential possibility as flexible electrodes.

Keywords: copper, conductive ink, solid-state, paraffin wax, flexible electrodes.

N OB £ fel A2 88 25, A A S 5, =

& AFA, 35 pedAt 53 22 o2 2EES 483

1201742 (printed electronics) 7|&-2 719 3 2lAEH] AxA A= 7ol tigh A77F o] FAX YT A =
v A7 St 7S ARSSte] 538 A7) I & eyt 7Inke] A =27t sREEof 383k %l
o] 25 WS Alxshs 7IeRA H2 AEEoklA 2 3w A7IHEES) kst AR QI AAS|R, 9k

uky QITh S o]2jdl AR} 71&e Ae3lEr] e =

$F AH AL Zhe 35 e e 47 Az
g 4 e AEA g3 ulg A} o] F Qi) o

"To whom correspondence should be addressed.
dlee@dankook.ac.kr, ORC 0000-0003-2526-8356
©2019 The Polymer Society of Korea. All rights reserved.

771

W (radio frequency identification, RFID) B2 2 #=sgtio] o
‘:(hght-emlttmg diodes, LEDs) 53 2+ 7 1:/_’@;_ AR} A=A
£ Axs 7501] AREE]SL Stk ey =& AR F
A7 Az ’C_"/] G 52 A7 A o EAIRe] o
FEo] AAle 2 AREC] gAlel FHstar ok M et
g AR A7F 54 5 SRR 9 HIAEK(1.72 pQ-em)

ofl



f

I =& JdHEZrlo]ag o)A (electromigration) /32 2k
715 AR717] =4 afd Azl de] ARE AL 9L
T4 A ARE g A A2 e aH
th 53], 78 A7A e Az T80l ey &
ol vlal] g er golsh ] vyl @il
Abstel 3 EAZE HASHA] e AHES 2L ok &
gk F0o ] AFAR AREE ZEAF T2l (copper formate,
CuF)y= Athao® o e wox HAske] f7|8d=E A
7NAESS 8T o+ Uk 2y 224 el QA F
AollA F= ARE= f7]-8uSol 837 ofHiL Fital
T7}F Zgo|u| = (polyimide, Pyt Z2]o 2 Hz e
E(polyethylene terephthalate, PET) 52| 2 34} &
o AREE= EA 7IAES ARl U w2 W
o] AT} ol e FAl= EEAF TEIE BZ=(ligands)e}t &
7 BEFAR FAete] it E WEFA 718wl tigh
NS ST7HIA AT F Aok =R ARRE = o
7H] BA FolA 4ot (alkylamine)o] F FH2 SEol
% (octylamine)S 200 °CH.t} S 2LolM e A7 A =SS
AT AL e dHoIEH HlwEs o 7P W
AS Hole gxol o] 7 Al 7wk A= Y=
Az g Ao Edolgt & & AT ARk {71
ol g8l XEAF et SHolvl B9 7vte] =
= AlZke] Aud {718k 54 AAlE Abel ] e
(phase separation)’} EAYsle] F Fo0 7 Haw . gk el
AAE GojnEle EAIA] A gt olelg AN 7|E
o Mt A=A JAE 7] Hasket] o] & olHselitt

2 AFoMe 718 W} HAEA I #AE adst
3 ZHARL g 7N A7NAES AxRE 8l f1e8E
A st LEAF FE]ot S9olyl EFAE vt g
(paraffin wax)= FY3et A 2] A JZE Al
Z3eh AlzE el AV Y3E 200 °CHTF WL A
S8 Feh o] dRRERTE B2 25 Wee &
AAZrol wet ohFst 71 ol e ARSI

R A7NH B F2E S B S48k 2 1A

H

o

ox ¥ @ 30
2

o}l

o o

o

2

o
Lot
o
ol
o
i}
t
!
-
o
=y
N
N,
Il
ol
o
oflt
oX,
4,
o
=2
b
[
ot

2] (copper oxide) F/39] A|AS EIst7] flsl] AlZtel w
B A7AEE W3t AP Sall E}lsiith 2 A7E E
3 AzE IAGE JZE ARt e A7IAEFOl F
A 7oA FAEJE W REEH R Tk £ W3
o= 717 Aol FAIEEA 1] sl vhE w3 Al
Ag WYt A7) S-S S5t 19 A= (flexible
electrodes) 5-8-9] 7Fs/3& &lsk3int.

Al
=

0o

MZ. 2 A3olME Alfa Aesar AF] EE4F 78] (copper(Il)

Zay, Al4338 A53, 20193

772 e - AT - olsd

formate tetrahydrate 98%, (HCO,),Cu-4H,O, 225.65 g/mol)
= 78 AP E AR Sigma-Aldrich AR S€olwl
(octylamine 98%, CH,(CH,),NH,, 129.24 g/mol)& &Zo}7l
O = ARSIl APk Ale] &7l (toluene, HPLC grade)
< ARSI aAVdE o] ] A YA AZRE S A
25 2R 922 Sigma-Aldrich AF2] SERIA?] (octadecane
99%, CisHsg, 254.49 g/mol), ollo]ZAIQ] (eicosane 99%, CaoHu,,
282.55 g/mol), =LA (docosane 99%, CynHy, 310.60 g/
mol), H| E2}3A| A (tetracosane 99%, C,,Hso, 338.65 g/mol),
2-E}A| 9] (octacosane 99%, CasHss, 394.76 g/mol)S ARE-5}
ATk AR AEES 571 BA jlo] ARSE AT

72| H7A-2Zofel SEIA T(Htel Hx|AEf A3 M=
2 Aol IAVGH A7NAEA JYAE AxS] 8§
4 70 mL vlo] g EZEAF 72](33 wi%)et 2 otHl
(40 wt%)yS ¥l 102 5o wytA It} Sdolilal E 24k
TE7F Hole SA 84 A7|7F dAsiEA EEe] HE
7 S71 AEE W) S8l SR EFAQT wive)yS
H7rsle] HF2 o2 A o] 2] A IS A=
ok T2 AFA 27 AxREE oA A () 2
o] ZFA |9} SHolrlo] Agsle] EAE o] FaL o]
o E3ELS ugtdo g WalA| "o} e

Cu(HCOO)z + 2NH2C8H17 d CU(HCOO)2(NH2C3H17)2 (1)
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Figure 1. Sheet resistance of the copper conductive layer as a
function of sintering temperatures and times.

sinlermg
—

. ®
sarnannE *
-.'é.
s

’ Copper formate tefrahydrate - octylamine complex
. Copper particle

Paraffin wax surrounding copper particles

Scheme 1. Schematic illustration of sintering process of the solid-
state copper inks.
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Figure 2. SEM images of the copper conductive layer sintered at 160 °C with different sintering time: (a) 1 min; (b) 10 min; (c) 20 min; (d)

30 min (scale bars = 6 um; scale bars of inset = 1 pm).
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Figure 3. SEM images of the copper conductive layer sintered for Smin with different sintering temperatures: (a) 150 °C; (b) 160 °C; (c)
170 °C; (d) 180 °C; (e) 190 °C; (f) 200 °C (scale bars = 6 um; scale bars of inset = 1 um).
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Figure 4. (a) IR transmittance spectra of solid-state copper inks; (b) current(I)-voltage(V) curves with different storage times.
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