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Abstract Ink-jet printing technology with ceramic ink of the four digital primary colors (cyan, magenta, yellow, and black;
CMYK) can provide stable coloration even in the high-temperature firing process. Ceramic ink-jet printing can be widely
applied in construction and ceramic industries due to the advantages of accurate and fast printing process of digital images for
various products. Generally, organic solvent with proper viscosity and surface tension has been used in digital ink-jet printing
process. However, the needs of ceramic ink without VOCs emission is increasing. In the present study, eco-friendly ceramic
ink was synthesized by combining alumino boro-silicate glass frit and CoAl,O, inorganic pigment based on an aqueous solvent
that does not generate VOCs. The rheological properties and dispersion stability of aqueous ceramic ink were optimized.
Jetting behavior and printing characteristics of the ceramic ink were also investigated in detail. As a result, the formulated
aqueous ceramic complex ink showed a suitable jetting behavior without satellite drop by adjusting viscosity and surface
tension. The ceramic ink can be printed on glass substrate with minimized spreading phenomena duo to high contact angle.

Key words Suspensions, Ink-jet printing, Pigment, Ceramic ink

o o ¥ %k
HES™,

At 7]s g, o]HEd, 17303
#x ) St AAAF S, AE, 02841
(20189 5¢ 14 H)

2018 69 7Y AALSER)

(2018 6 8 AlANEH)

2
K
ffo
18
I

ol
2

f

o
0

2

2

o

)

2 9 Fol= A A gIE sEX = tIAE 494 (cyan, magenta, yellow, black; CMYK)<] A|2}=
FIE GE&T Aty dZA T T)eS vde AFe] tAE ovAE HFgs wEA Q1M rHssivhe AL 7HA
3 AEF E AR A FokdlA 7€ 3RS wEA tiAE Aok A d32A ZHY Jlee 7] ks #4F o
A A AdT deet ¥ AEE R sl o3 ez Ftete fr18m Zinke] JATt FE AL
oA ghov}t HZole VOCs7t A sHA] S SR8kl et =2 Aol tidk F4lo] AR Ut & AFolA
+ CoAlLO, cyan T F-7]91F 9} alumino boro-silicate £-2] 22 AFE-3le] 13AHH 0 A Agte SdIdas st
FA A"l o] s S48 S HAslete JaA Zdd FANA EEY 9 =Y 544 ds)] As
Atk 2 A%, A A AR ERdae AE 2 29EY 284S F3 satellite drope] HATHA] e EE AsS B
Ao, f2 717 YoM E B HEZ4o g 2 Jd3 HA dAAte] FasEn ZddHE AL Felsh

0 o

LM 2 UAY PH0R HERRE v S EEa]
sk g P R A=e] Yu)7t A
S

2l

YA ZHY 7] 710 A3 =y 9 AF7 S A0 AHS T 1-3]. Mty daAl Zdge
ZAY 7o opdw g FAHo| Hls] vlwE 7hdEhs tRg 494821 cyan, magenta, yellow, black(CMYK)

of Aleke) Wl QhRS AMETHOEH AL R7ERe
*Corresponding author full color®] °IW|X| 7o 7heslti4, 5]. Egt Al=HY]
E-mail: kh389@kicet.re.kr AaA ZHE 7|49 A tlekdt tRRIE oAkt




124 Jong-Woo Kwon, Jong-Heun Lee, Kwang-Tack Hwang, Jin-Ho Kim and Kyu-Sung Han

T Ao Mgt FAHNA Q== 1000°C )] AL
2 27 Foe Zddd AFo] R kst
Tt Wde AuH g4 9l o] gltke e
el 158 Alete] e At Akiol w=
7ﬂ Y=L ArH6-9].
71Ele A =AY FAd ALshlel g F
HHy 24 7R f718u 71k Ak =t 5
2 ARREOIA o, HE A {71 SRHE(VOCs)
of gt FAIE Qlal g7 XS] YA ZA" A=
dofl thek o]l FR =oAL SUTH10]). 3 YA
g 719 38 ot 23 ﬂEHE]Oﬂ w2} Az
'Er ]E ojelol i ThFgt 7)ol Aty JaE =™
Al=7F HAE SeE Al 9l
o2 JIA ZHUYE AT JAZ AMEE]
ALt N EES 8l J3 W =g A=t
3’37\}7} 300 nm ©]&te] H+t Y=E 7HAoF &
2)749] 1/509] A7]HT} w2 D90 3hS 7HAoRE
98] (nozzle clogging)ys WAIE 4= ATH11-13]. &
Algke] J=e] FARIM3/d (dispersion stability)
A ZHUE FAA] dEst ESAT TZHo FUAS
SEsE7| fl] Wh=A] Zhgojok & g 7dolni[14, 15]. ©F
=8 J3A =z FAHAAN EZFo] 7hsd HE(10~
25mPa-s) ¥ E ¥ (20~45 mN/m) 5 F3HEH A
ol gt 872718 WEsle] YA U A=E
o] IS 7}110]: gt BArE b Qlrh16]. YRH
o= 7 7|8k JAe w2 FAEE (72 mN/m) %
o xh:(l mPa - s)= 72 N]\oi oJaxl ZgE AL
o] 7Fssl=s Ax % FHAY A7t A 2 EE
of 2l giolnt, gl i% FHAYAE 7=
7199|739 =AY Al J=9] #F o] A
st SFETE A AslEER O]E WAsl7] 98 o
&t 71578 RS Edsle a7 EHe AAet17].
A= 123 A 7IRke] Algbe Egke)
s, HdE A Al SRI=2e] fA
B4 2 el el 3l =" S o
AT A &ulE 71Nk Al Bl
Bl gl e 2 gEAeEs o34 xlg
187 sk 7HE Hel W= HAstsislon, A2t
P T 5o mE JAAl Z-E A
za]el 548 BAge= fe 7]3elA
gl EHSH T8kt

ot [k
ol 1o,

me
__ rif&
_IN r

ol
::‘

| .
a
| .
a

rot mm N 18 do

P

_& 2 m1m r}n:
okt

O_IEOZ*‘_,L_?LJSL'H_]
e 2 o

e E9J JN

NE

lo,
»
o]:o i

[\
=
il
0 T
Iz

A Al B0 S sl CoAlLO, 7719t

9} alumino boro-silicate(SiO,-B,0,-Al,0,-Zr0,) 2]

pag Agalt FolRs fe) BYe 9 2
9 BN =2 s aabde 999 E2de 9
H3p7| 98] oJEzA Y (Nano In Tech)yS °o]&3le] v
sttt vigslE 2Ee] Y= FEE field emission
scanning electron microscope(FE-SEM, Jeol, JSM-6390)
£ ol&sto] Ydrte] F H wAlFEERE A6 v
Y3l CoALO, 77159} fe] F22 A GufollA
o] eFEARI kS S8l ol A HaElAE Nat
salt& 7} polyacrylic acid Na-PAA(MMw 15000 g/mol,
8100 g/mol, 1200 g/molyS FAHIZ H7}slSitH18]. +
AAE Be] v EHE UH] 0~1.0 mgm’e] FEE F
Tl "7FFAAL 2A17F B]t stiring ¥, CoALO, ¥
ZIjbEe} fre] BT 20:10 ¥IER Hrksidch wEg
FIA ZHY IO At A= ¥ xHAE dRE
Saf A" At B3 J=ol polysiloxane AlE Q]
A7H(BYK28, BYK)®} poly ethylene glycol(PEG,
Mw 35000 g/mol)E H7Fste] =4l LAY #-go] 7}
SoleE A Ak B E4S HA skl
FA AMEhE B3] HEE rotational rheometer
(HAAKE MARS III, Thermo Fisher Scientific Inc.)&
ARt S48, EH7EE2 surface tension analyzer
(DST-60, Surface Electro Optics Co.)Z 43I Th
Sk drop Watcher(STI)—E— ALgEle] J=e] AAHHA AF
2 ZAY & relae] HeS SRlslla, ZdYE &
71 fleM e HES 54371 918l contact angle
analyzer(PHX300, surface electro optics)S AF&-3le] &

3 3l cyan AFe]
CoAlLO, A=F9} fe] B8S ARE-3I3H CoAlLO, StE
oF 8] w2 JIA ZHUY FAPNAN =& 9 N

12 of
ol
o,
£
o
2
He
i23
SE
M tjo
r>~
to
=
02(22
ol
ol
i&
fui
W
>
o)
oift
rO
Lo

34 ¥ cyan VMRS AR H wAHFE
A= Fig_ 1o Jepidct. vgst 38 & A=t
FEe} AE2sol B3 W] EEFl mE
sl i dAte] FEle #FS UERIT Fig. 1(a)
CoALO, 4< 7+ cyan —:—7]J Se Uy 9
ARz s}t glo] spinel T3 ERAL, fE &
HAARE SA=N0H 5’\]7L ”1‘% Sl A
P AES gelslitt. Fig. 1(c)lA] cyan StE2] 5
& % 300nm °]&t =719 YPAe] EEES &I

U™, Fig. 1(d)9] fal & Bk J=
o2 AR 7FsE 300 nm ©l8ke] Y=ES UE)

o 2 M
jﬁ:oﬂi

1 Lo

o > 0 g
o o
_{), - mE
[UE _l-:
s

£ (K
ko

o, ot



Rheological behavior and ink-jet printing characteristics of aqueous ceramic complex ink
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Fig. 1. (a) XRD patterns and (b) particle size distribution of cyan pigment and glass frit. FE-SEM image of (¢) CoAl,O, pigment,
(d) glass frit.
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Fig. 2. Rheological behavior of aqueous ceramic ink with (a) Na-PAA (Mw 15000 g/mol), (b) Na-PAA (Mw 8100 g/mol), (c) Na-
PAA (Mw 1200 g/mol) addition at shear rate between 10~ and 10, (d) apparent viscosity of ceramic ink with addition of various
concentation Na- PAA as a dispersant.
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Fig. 3. Sedimentation behavior of aqueous ceramic ink (a) without Na-PAA, (b) with 0.6 mg/m” Na-PAA (Mw 15000 g/mol) addition,
(c¢) with 0.8 mg/m” Na-PAA (Mw 8100 g/mol) addition, (d) with 1.0 mg/m” Na-PAA (Mw 1200 g/mol) addition.
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Fig. 4. (a) Surface tension of aqueous ceramic ink with polysiloxane addition, (b) viscosity of aqueous ceramic ink with PEG (Mw
35000 g/mol) addition.
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(a) Na-PAA, (b) polysiloxane, and (c) PEG
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Fig. 6. Drop formation behavior (a) before optimization of sur-
face tension and viscosity, (b) after optimization of surface ten-
sion, and (c) after optimization of surface tension and viscosity.
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