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39 o] AlxEo] wEt B AfoAEs W Al bR ARYAHANIL Corp.)ollA 7R
V205-Biz03(Sinking), SiO2-AlLO3(Matt), SiOz-ZnO-Bi,03(Glossy) 49| Effect AlgtY RS o|&sto] A7t
9 Fe fHo] 7t A% gYdE A J3ZE AXsiAth A" 3= J3A =dg T FE5H] 9
sto] FAoNAN EHor g4EHE JAY B4, EEY 9 HY FE& E4S AESHHY. 1 A3, Effect Al
J39] EAL Uk(dso) 300 nm ©°l8t, HZE(ysor) 14.3~14.6 cps, AEQFAA(UL%) +3 % olH, EHAH(s)
28.12~28.35 mN/m= &A=t EEAY H7l= drop B4 AT 495~524 m, Volume uniformity 5 % 1]
ok = =& 27]7F 55, 30 m¥ W, Ohnesorge number(Oh)Y I+(Z2)= 242y 2.85~3.22, 2.13~2.382 &
24 71200 WSttt T3, Effect 439 EAES Y FHE519E W, Glossy BFY9 FHZ(60°) 90.5 GU,
Matt Et49] FE=(60°) 5.8 GU, Sinking Bt B RHAEZC] 67.5 mZE SF= ATt
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Abstract The development of an effect ceramic ink that materializes High-Definition (HD) images and
a Three-Dimensional (3D) expression was attempted due to a recent increase in consumers emotional
consumption. This study utilized the ceramic pigments of V20s5-Bi,O3 (Sinking), SiO,-Al,O3 (Matt), and
Si02-Zn0-Bi203 (Glossy) compositions developed by a domestic ceramic pigment manufacturer (HANIL
Corp.). The ceramic pigments were later used to manufacture the effect ceramic ink for architectural
tiles that can materialize texture and gloss effects. The manufactured ink's essential physical and jetting
properties and tile application characteristics have been examined to use it further in the inkjet printing
processes. Thus, the Effect ceramic ink has been measured to have the following attributes: particle size
(dso) less than 300 nm, viscosity (s0:c) between 14.3 and 14.6 cps, viscosity stability (4 %) within +3 %,
and surface tension (o) between 28.12 and 28.35 mN/m. In the jetting property evaluation, the drop
formation distance was 495 to 524 pm. The volume uniformity was less than 5 %; when the head nozzle
size was 55 and 30 gm, and the reciprocal number (Z) of the Ohnesorge number (Oh) was from 2.85
to 3.22 and from 2.13 to 2.38, respectively, which satisfied the characteristic criteria. Additionally, when
each of the effect ink's characteristics was applied to the tiles, gloss (60°) of the glossy tile of 90.5 GU,
gloss (60°) of the matt tile of 5.8 GU, and average surface penetration depth of the sinking tile of 67.5
pm were measured.
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2.1 M=t 439 Mx U

E A4 AREH Effect(Sinking, Matt, Glossy)
At ¢trEs S AgY s AZRIA(HANIL
Corp.)ollA 7 24& AM&SIRoH, Z7+9] Effect
E/30) gk k5] /32 o} Table 10 Yehfict

Akl J39] AzxE <=, EA(Propylene glycol
monomethyl ether) @ EARIBYK)E 22 40 : 30
0 59] H]&& &3t &, Nano Mill(Minicer, Netsch)
< °]&sto] 4,000 rpm & 4AZF F9F BASH oM,
32 8AIE E85to] YA Y FAo| Hadet

=7} HES nhgste] Azslgich

Table 1. Composition of Effect(Sinking, Matt, Glossy)
ceramic pigment

Matt Glossy

Si02-Zn0-Bi;03

Sinking

V205-Biz03 Si02-AlL03
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2.2 N2ty 39| SE(EE, Heordy, BHE)
ES
= O od
Azd At g=29] Hx(psoc= 50 TolA

rheometer(Hakke mars III, Thermo scientific)&
olgste] Fgstlom, 29 Al2te JaE =%
F710l14 50 TR stof 7Uzr 2] =, ¥ste H=9| 2
o(4%)E ol-&ste] Hx 8 B7ketact. Hg
(0)2 tensiometer(DST60, Susface Electrro Optics
Co., Lid)E ol&5to] &4s13drt.

23 M2tel o9 E2
2.3.1 drop &M 7{2|9 &H 4iH
drop 84 78]+ dropwatcher(dropwatcher, STI
Corp.) o]&3to] A=ty J=9] drop Ego] LA
FE 34T o, &3t Algtd] J3 Aol HiE AT
(m)E &7+t

SER:H

2.3.2 Volume uniformity?| =& &t

My J39] drop Zo] &t 18-S IS
9] volume(pl}& &% &, o} Eq. (1)& o]&3to] A4t
51t
Stdewv.

|4

avg

20100 (1)

Volume uniformity =

Where, V. denotes average volume(pl)

2.3.3 Ml2t2} A3 9| pattern printing

Sinking, Matt 93+ Opaque Base EY, Glossy
A2k Q3= Matt Base EFUo] A3 figlog oy
%, &4sto] ZHEH uiglo] HAS RISk
42+9] oJ30) gt A4 X712 Table 2942t

Tt 4

E3s}
z

Table 2. Sintering condition of Effect(Sinking, Matt,
Glossy) ceramic ink

Condition Temperature(C) time(min)
Sinking 700 45
Matt 1200 45
Glossy 650 60

2.3.4 Ohnesorge number(Oh) ZlAt

A2t 9J39] Ohnesorge number(Oh)2]
offfl Eq. ()& °l& stleH, s= =59 7]
55 m, 30 m% sk
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Where, 7 denotes viscosity, o denotes density, ¢

Oh )

denotes surface tension, D denotes nozzle

diameter

2.4 N2t} 439 B HE Bt

2.4.1 Glossy, Matt Al2ta] ¥39| EfY XE

Glossy A2t 93+ Matt Base EFY, Matt A2t
3%+ Opaque Base EFQ] 22} 2, 43] A¥Y(Jetting)
t ¥, Table 200 Uehd &4 27A0=E A/dsto] Az
SFATE AFE EHde] FHE(GU)= BY 3 3%
H(ASTM D 5247)° @t Gloss meter(Novo-Gloss
Trio, kipae E&T CO., Ltd)& ©l-8st] &35ttt

i

2.4.2 Sinking AM2t2! 39| EIY ML

Sinking Al2tY] Y=E Opaque Base E}UO] 33]
A= (Jetting) I T, 700 TOA 455 B9t A45}0] A
Zstoict. AZkE B RHATEZ ol ()= BEAYA
(GX51M, OLYMPUS Corp.)& o830 Zgstsic}.

3. dn & i

3.1 M2t 39 24 &8 Zut
YA =y oA L3 BES FRE FIsto]
Algte J39] AL 300 nm °lste] Yw B
11~16 cps B%9] A%, 26~33 mN/me EHZE (o)

2 Q34

Table 3. Measurement values of physical properties
of Effect(Sinking, Matt, Glossy) ceramic ink

Item Sinking Matt Glossy
Particle Size 158 237 180
(dso, nm)
0% 28 13 1 e
Viscosi(tj lyf)tability 1.20 0.80 0.62
Surfz(iI(fN"/F;r)lsion 28.35 28.12 28.26
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Table 32 A2¥ Effect(Sinking, Matt, Glossy) Al
2] 30 i3t B4 S TS 8% Ao E Wt
Y&(dso)= 300 nm °Jsk, HZ(ysoc)e 14.3~14.6
cps, AEMFHU%)S £3 % oW, BHEFH (o)
28.12~28.35 mN/mZ ZA= At

(a)

(b
Fig. 1. Images of Effect ceramic ink
(a) Sinking, (b) Matt, (c) Glossy
E3L AzxE A2t J3= 25 7] JHo| IA
WIS L QP 8A) ol Hatslo] gl A
2 alsieih

3.2 drop &M He| 59 Zat

Bffect(Sinking, Matt, Glossy) Mgty 439 drop
B4 A= Alg 929 drop Bge] AT +ES
A o, =EZHE 495~524 mE YERGT
Table 4. Measurement values of drop formation

distance of Effect(Sinking, Matt, Glossy)
ceramic ink

Matt
508

Item Sinking

524

Glossy
495

Avg. distance(im)

Fig. 2. Optical micrograph of drop formation
(a) Sinking ink, (b) Matt ink, (c) Glossy ink
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3.3 Volume uniformity?| &4 Zut Effect(Sinking, Matt, Glossy) Al2td] J25 A=
Aleks) 329 volume(p)& 573 F, Eq. (D ol & el AT oz ZASSA 24 A, 22
slo]  AXE  AIE  Table 59 QokATh B4 Fig. 300 UERdth &4 & ZdEH 3g
= J3oNA FAEE AS BRlstgon, 7429

Bffect(Sinking, Matt, Glossy) A2t 9J39] Volume
uniformity= 2% 5 % 9|9 Hoh Lol Histe] EBtfect(Sinking, Matt, Glossy) S73°l

e B9,

Jo 03 rlo

Table 5. Measurement values of the volume uniformity
of Effect(Sinking, Matt, Glossy) ceramic ink 3.5 Al2tel 39| Ohnesorge number(Oh) A4t

PaA =AY FHNA At J=9] Ohnesorge

Item Sinking Matt Glossy
- number(Oh)= HE()2 A (0)Y] JHAU F8.
Vare(pl) 55.7 53.6 52.8 4 o L2 FEs AEe AR, oukxo
Stdev. 1.84 2.06 1.85 2 drop on demand W49l YIA ZIHJA =
Volume uniformity 3 30% 380 3 50% Ohnesorge number?] FZ)7} 1~10 Ato]9] <
U stgma) Uetd o, E&A4o] grE FoR wukaitH5-7],
= =20l 37| 270] 55 m, 30 mE ™, Y=
3.4 M2tel U39 pattern printing 24t o3t Ohnesorge number®t 71 G4(Z)E Table 6, 7
of Yetfdet. sl= k&9 3717} 55 m 27oNA 79
before sintering after sintering %}\__‘% 285"'322, B‘ﬂE lr_—éiﬂ 37]7]_ 30 m }—Zioﬂjﬂ 7
9] k2 2.13~2.38% AXIEYoH, HE JINN E
240 dHEEZ Bk
Table 6. Calculation of ohnesorge number(Oh) and
inverse of ohnesorge number(Z) of
Effect(Sinking, Matt, Glossy) ceramic ink at
@ head nozzle of 55 m size
before sintering after sintering Item Ohnesorge number(Oh) Ohneslél;/geerszmoiber(z)
Sinking 0.31 3.22
Matt 0.33 3.03
Glossy 0.35 2.85

Table 7. Calculation of ohnesorge number(Oh) and

inverse of ohnesorge number(Z) of

®) Effect(Sinking, Matt, Glossy) ceramic ink at
head nozzle of 30 i size

before sintering after sintering
Item Ohnesorge number(Oh) Ohneslsséegssuiiber(Z)

Sinking 0.42 2.38

Matt 0.45 2.22

Glossy 0.47 2.13
© 3.6 Glossy, Matt AM2t2} 39| EtY ME Ayt
Fig. 3. Compare of sintering effect of pattern Glossy, Matt A2t} 25 58 Erdo] 285171
printing using the Effect ceramic ink 95le] Glossy Alghe] 93> Matt Base B, Matt Al

(a) Sinking, (b) Matt, (c) Glossy
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2He] J3= Opaque Base EfYO ZtZ 2, 43] AY
(Jetting) 3+ &, 2/dsto] A&stgict. A2 edo] of
St P =3 AINE= Fig. 4, Table 80 YeRH AL

Glossy Alztd] 32 AjZd g9 Fee = 3+
=74 Z=(60°)°014 90.5 GUZ E3= o, drkdo
2 oA a6k FHE =140 GU o)l
Yol AaE Eqirh

Matt A2t JA2 AZE Bd9 e 285
7 Z=(60°)°014 5.8 GUR ZH=|glom, %JHLH&E—_
g gdolA atsls FHE £X(15 G
ok 21E Bt

Table 8. Measurement value of gloss(GU) of glossy
tile

Angle(®) 20 60 85
Glossy Tile 80.5 90.5 98.4
Matt Tile 1.4 5.8 11.6

(a) (b)

Fig. 4. Image of tiles made by Glossy and Matt
ceramic ink
(a) Glossy tile, (b) Matt tile

3.7 Sinking M2ty Q39| EtY g At

Sinking Azt J3E A58 BHdol| 48s1] st
o] Opaque Base E}¥°] 33] AW (Jetting) 3+ &, 24
sto] AZtskeict.

Table 9. Measurement value of surface penetration
depth of sinking tile

Area (@) (b
depth of
Surface Penetration(um) o8 o7

x-]]xLQ E}mg] EEﬂi‘EﬂO](um)—‘: 7]}_
Z B9 FA Fol(4 m)E F}5He t}
d (), (b) F2olA Bde] 2HYF
68, 67 mZE EQI5}Hct.

| outside
(@)
1
inside
: b
1 (b) outside

inside

Fig. 5. Image of tile and surface penetration depth
made by sinking ceramic ink
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£ AFolAME V205-Bi203(Sinking), SiO2-ALO;3
(Matt), SiO2-ZnO-Bi203(Glossy) &A1) Effect A=t
4] ke ol&ste] YAA A7t 9 FEE 1AL 54
o7 A% Bl A& 7 A7t Ja2E ARSH
ow, J3A =YY FHo| A8otuAt L EHES B
ey
1. Effect(Sinking, Matt, Glossy) Algtd] 4=9] 3
T+ Y=(dsp)= 300 nm ©J5k, HE(ysor)=
14.3~14.6 cps, A= (L%)2 £3 % ©H,
BAE(0)2 28.12~28.35 mN/mZ =9
o, JAA THY FFoA LT EE £
895k= B4 7150l WSk
2. Azt =9 EEA AIE A3, drop 34 A
= 495~524 m, Volume uniformity= 5 % 1]
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(1]

(2]

(3]

(4]

(5]

(0]

(71

g FE =20 27] 230 55 me} 30 mefA
Ohnesorge number(Oh)9 9+2)= ZZ
2.85~3.22, 2.13~2.38% AAEIglon, Qe
EZ&/4o] gHES Bt E3h pattern printing
g7t AdoA zF JA9] Effect(Sinking, Matt,
Glossy) 57401 fAl5l= A& ZRlsk

. Effect(Sinking, Matt, Glossy) A2ty 432 E €}

Uof| 283+ A} Glossy Algte] J=9] Feiw
(60°)%= 90.5 GU, Matt Aty =9] Feix
(609% 5.8 GU, Sinking Al2he] 9=9] H+
AYEZo(m= 67.5 m2 SH= A}
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