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o] 2E S| Az s AR tiste] AT AT A& ATl A4 0.
¢} 50 nm o] o, mixer FTF& U AA FFol WE EFH|Y Hol~E
o] M= 9 JEIFHE At #AT Ho|2E AXE AT 4E £F9Y
7Ved S #R1stt}. Planetary mixerZ A %3 Ho]|A~ERTH 3-roll-millZ
Az Hol|~EV ¥ 4ATES st on BHoh 2 1R T ¥
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a9 1. 3D =™d" &5 (171 6

2% 2 @ welag LFEy powdere] SEM oI, () uw FFEY

powdere] TEM o]u] =], 9
a9 3. NMPe] &g =, 9
a9 4. A9 HAH AA 2AE 10

a9 5. 9E A mE <Fuy 4R 271 W (@) vlela=gAh, (b)

<A A 14
9 6. €Fuy Ho]2E Ax A B4R 15
a9 7. FHEE Ao 18
19 8. SOLIDWORKSZ wHg3l 3D +x&. 20
a9 9. Als =3 3D ZHE Ay, 20
a9 100 AE 98 1FE FFS 7 EFAY Ho] 2Bl Yxda §EF
H A3 As @ Y=dA 0 wt%, (b) 3 wt%, (©) 5 wt%, (d) 7 wt%h. e 24
a9 11 AR o8 13E FFS 712 ¢F Fol2E9 Ad £5; (a)
1s? (10 s?, (© 50 s'olM e H=. 25

99 12 AR gE nRE $F M GRu Hol2Ee] YA s

¥ complex modulus A%; (@) Y=9dA &= 0 wts, (b) 3 wt%, (©) 5 wt%,

(d 7 wt%. 28

9 13, 21 E 54 vole ¥ o Yx=PdAF o] mE complex modulus A&
29




Y 14 hegd g 2gE gEe be guge, 30

719 15. Planetary mixere} 3-roll-mill2 A %3 YxdA #5383 dF0} ¥

St
ot

o]~E9 HA A% (@ 0 wt% Planetary mixer, (b) 0 wt% 3-roll-mill, (c) 7

wt% Planetary mixer, (d) 7 wt% 3-roll-mill. 33
713 16. Planetary mixer®} 3-roll-mill2 A %3 Y=YgA 52 LdFujy ¥
o]2~E9°] complex modulus #A-5; (@ 0 wt% Planetary mixer, (b) 0 wt%
3-roll-mill, (¢c) 7 wt% Planetary mixer, (d) 7 wt% 3-TOll-mill. «eeeeeeeceneneesesecaees 34
a9 17. Jd=EAE % dHol2E #dEA &2l (@ UxAdA 7 wth, 1P &
skaF 54 vol% planetary mixer, (b) UYx=4AF 7 wt%, 1ZE T 62 vol%
3-roll-mill. 35
29 18. 3-roll-mill& A 23 Y=JA 7 wh, 1ZE TFF 62 vole EFujvh

Hol2ES] FE oF &HEok RH I Hxo wel Z-EHT 2a (@) 3

mm/s, (b) 5 mm/s, (¢) 7 mm/s, (d 10 mm/s. 38
a9 19. 3= ol £E¢ ZH 3 £&d wet ZHESE dFuy Fo]x
Eo] T/ w3l 39

a9 20. Planetary mixer= A x3 HZA3H dFH|Y Ho|2EE Y YAt
Sheol mel ZHEI A S Fo] W3k (@ U=dA dFF 0 wt%, (b) 3
wt%, (©) 5 wt%, (d) 7 wt%. 41

2% 21. (a) Dilatometer ¥4 53 SA3 &Fr|y FHo|xEQ = AF,

(b) == W3l 44
% 22, A4 deF 24 2 46
a4 23 24 34 4A. 47
a9 24, 7FF A3 NO, N7¢F 3-roll-mill= A &gk N79| &4 L&, e 48
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IJ

DLP

BJ

ME

Ink Jetting

Digital Light Processing

Binder Jetting

| I | |

Spresd rollr (@Y Hider droplers

[mHH

* BestResolution
- 20 ~100 um

* Advantage
- Best resolution

*  Weakness
- Slow process
- Waste material

Good Resolution
1.2 ~ 200 pm

Advantage

Best resolution
High speed printing
Not use nozzle

Weakness
Material selection
limitations
Material toxicity

9 1. 3D =

Normal Resolution
50 ~400 pm

Advantage

Color pritning

Not use supprot
High speed printing

‘Weakness
Post processing

d& &+ [17]

Material Extrusion

amwg oy

Extruder
hend

Poor Resolution
100 ~200 pum

Advantage

Easy to make material
Color printing

Low cost

High Solid leading
Simple operation

Weakness
Poorresolution
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1. ¢ 98

A717F 42 F 7HA 48 E¢FHUS] vlela = &R ruH(AES-11, Sumitomo
Chemical, Japan)¥} Y &F1]1}(544833, Sigma-Aldrich, USA)E S5 Z A&
skttt 19 3o wlola® dFriuel Ul AR MAAA FAREALE
v Z(SEM, JSM-7500F, JEOL, Japan)¥} ZA WAL F3d 2@ w4 (TEM, Tecnai
G2 F30 S-Twin, FEI, USA)S &3l Aoz &9 olvAE Yl vt
olax ¢FHY (I8 2@t U= ¢Friy (2" 20b)e= 242 04 xm, 50
nmé ¥aA Z71E BAT O vy dFeue] A, dxrdAse] 3 H
o] e EFolth JA A77) vlolaE w@heiQl mlojmzE IFwue}l Y
] Ui dFuyel wel A4z mlojazdxtet YAz WHskith
nfo] A2 A= deolA FH U= FA7|(PSA, HORIBA Partica La-960V2,
Horiba, Japan)& &3+ &4 A3 A =271(D50)7F 04 pmAtt. ¥IFEHA &
2 7)(BET, TriStar 11 Plus 3020, Micromeritics, USA)E 3 &2 23}, 6.89
m¥g Aok UdAe A, 9= 24 Ay A =71(050)= 0.3 nm o]

M EWELS 16844 mi/g Ak EBZe Bag 9 AT EAAE
BYK-111(BYK Additives & Instruments Co, Germany)o]™ o]3 <&4Fw|L} Ho]
2EE  Azxstr] 93] AHEE &ul=  N-methyl-2-pyrrolidone(NMP,

Sigma-Aldrich, USA)e]t}. NMP (& 3)&= HlHo] 202 TE Eof AdolA 3
e 2] e LAY EMlE HE Aoyt &olste] APAol FTH42l 1¥
45 T3 A AA IAHAEE YERATH



O 2. (@ vpolaE &FHy
powder®] SEM o]u]x], (b) Y=
&Frvt powder® TEM o]#]
=].
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a9 3. NMPY )8t
T



Micro/Nano

Dispersant
ALO; P
I |
|
p
] +  20h 170 rpm
Ball mill +  BallPowder = 51
v SolventPowder = 2:1
( : ‘ : +  Dispersant content
Dl,s pEl SI(.)II +  Micro ALO;: 3 ~9vol%
optimization +  Nano ALO; - 3 ~18 vol%
S
e + 3h60°C
D]'}’ & Steve ' 100 mesh sieve
[
[ |
Micro/Nano with Solvent
dispersant Al>O3 : N-methyl-2-
powder pyrrolidone
| |
|
Paste preparation
[
[ |
'd 'd .
. ¢ 1300 .
Planetary mixer sl 3-roll-mill .
- ~ - — ~,
. Optimizin,
3D laminated . P! & :
height printing output .
q | ) L condlmon )
Rheometer
Homogeneity test
Dilatometer
a9 4 A3 3A AA 2=

15 min
15t gap size: 150 pm
28 gap size; 150 pm

Nozzle diameter: 0.4 mm
Head speed: 3 ~10 mm/s
Rotor speed: 25 ~ 200 rpm



2. ¢FH|} Ho|2E A=
D Y=z dFo] mE &Fuy Hol2E A=

B ARAE FHo|2E AZE 8 BAA £dE BEe Azsdd

Ball mill(GLBM-G, Global Lab, Korea)& ©ol-&3te] wholaZdAbet vzt

& shepol weh 8919l NMPE Wixshe] Egaich



2) Az ME &Ry Hol2E AR
7}. Planetary mixer& ©|8&3 ¢Fv|y Ho|2E A|x

MEd a2 A5 ¢4EF 3D ZUHAA LFuy Ho2Es AW &=
7} Z7vehel wel A xr)l 7HASkE shear thinning A%< sfof 3ot ¥y
o ol &FRHY FHo]2EVE FRE AF, A=Vl EoHAEE  shear
thickening 71 §& sl Ho 923 &0l o] FAAA F=vh ¥ ofyzt
LFH| Y Ho]2E ol dAE9] SFo] Loyl HH AFA W 23]
Mol HATH43, 44]. webA EFru FHol2E & WA o = oluf
BAAY o 98s drh

A HAsLE 9l 24kAl Y EYE ARt mE PSAE o] &3t

YA Z271E vlws i E4bA FEF2 velazdA &2 oWl 3, 5, 7, 9
vol% Z7Fstath "E AR 20M37bA] Jaietsiar WE ARt g AR}

A7) s Y& 1, 3,6, 9,18, 20 h 27 39S weo F+F A AV|E =
Atk 1" 5 (@F T3 velAE2dAE 24 el oE B d4A
3717} 043 pm=E Z zbolE HolA &tk T APolAe B4k FEFS
& v 7 volx o2 ZdYstH T

EAA7E g8 BEd &S 150 cc Fol wjx] & Planetary mixer(SMT
network, Korea)ol4 1300 rpme.2 &3ttt 120 s ¢ &3 & gujo}

RBuo] 2RAOT $A REL ~AdFUL BY AU Lo} EREES
Holzth o FHL F W WMESFO A *EW D TUALE TRE A
o) 1~EE Az

). 3-roll-mill& 0] &3 G2} Ho|AE AX
3-roll-mill(KRM-50B, KM tech, Korea)& o]&3F &4Fu|L} Ho]2E AXE
A8l d=date] E4HA HASE X&stdt. B4 giv] E4AE 3 ~ 18
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24H T

[—— 3 vol%
—8— 3 vol %|
[—&— 7 vol%|
¥ — 9 vol %

06
(a)
Fost
=
<
4
5
E-]
Emf
03 L
02 4
a9 5 4y

(b) Y=d A

6 8 10 12 14 16 18 20

Milling time (h)

EAH TE
—a— 3 vol%

Particle size (Lum)
— [ =] [ =] o =] 4=
L = o [P
T T T T T T

1=
T

e
G
T

e
=1

—a—35 vol%
—a— 7 vol%
—¥— 9 vol%
—— 12 vol%
—a— 14 vol%
—®— 16 vol%e
—#— 18 vol%

12 14 16
Milling time (h)

10

AR e &Fry AR =271 Wdk () rlela= YAk,



Sub-micron

or
Nano alumina

Driedat 80 T

Dispersant

Alumina
powder

Ball milling 20 h

6. ¢FHIY Hol2E Az

Planetary mixer

Pre—mixed paste

Ist Roller ‘3rd Roller

. Paste

Scraper
1st Gap 2nd Gap
3=roll-mill
v
IR TA =
OO0 -]



3 &Fuy Hol2E EA B}
dFHL Ho]2ES A wWE FHEEH Ass FAs7] sk
Rheometer(HAAKE MARS-III  Rotational Rheometer, Thermo Scientific,
Germany)e} €& ¥ % F Rotor(35 mm, P35 Ti L)¢} Plate(TMP35)E AM-&3FX
. 2H9 ZHolEQ AL 1.0 mmE AL =4 FA 2EE 20 C

stepo. 2 ZA3lAct olw] ZE Q] A &£xrl FrlstEA AW L£27) Fo}
AA Ak AEE= 005 ~ 300 sl A &5 B9 F 30 HY =AHdt B

grge =40 79, Oscillation amplitude sweep =E=Z X 3P3Ft)
Oscillation amplitude sweep REx ZE Q] 3 ko] A4 uld w Z7}s}
= Ad §3 kol w2k complex modulus’t S ¥t} complex modulus= F
7R & Algd AR g8 ARG ) &4 g4 AFGT )E Ttk
< M Ase 84 FES YEUH AR 1A FEHE
< Had AF A FEES U AR A4 HHZE =
G’ o] G” Bt} AW ¢FH|y FHo|~EE 1A}
H FFEEY Hol2Es A} 2 AsS Tt

) G F G” o A¥ HebA dY(Linear Viscoelastic Region, LVE)2]
A A 8 e FE $H(Yield stress)ol2ta FHTH46]. LVE 92 Al
529 FxE #HstA Fa HZ2EE F3E F dve F9M43ls UYEn

ZEJo] Z2OHoF

’

()

”

e
32
R
)

’

=
2=
T
2=
T

%0
o
20

0.1 ~ 2000 Pa

9g
o 2ANM F 60 We] FHS Tl LAAUL 1 Heel FA5olA HE



AHg3kel =439,

=
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o] 2]

#18) Y =A(Grind gauge, Daihan, Korea)

e

pu

e

i

A 2714 4R =27

e =

=L O
&

TE golgst 24

vho]l AR (pm)¥ FIATHHLE EA

i

50 ym YA =], 8 H

o
a5

100 gm ¥AF =7], 4 H &

0H<d 3%,

o]

3

™
R

)

o
rvze)

iin

s

2 A, 0 pm JA =Z7]olth Alo]A flol mpolam =7

Kol
| .

2 =2717F 2
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£

* Shearstress, A48 o= (Pa]
- Shearrate, Ag&E ¥ =i [
+ Shear viscosity, 45 E=E [Pa- s]

a9 7. fEskE Ao



3. A8 ¢=9 3D =dH
D =3a" 23 =4 333

3D ZAES 37] 98] SOLIDWORKS Z2 1918 o]&3le] 18 8 (a, b)e}
2ol RAYS Y. @Y AL kisslicer EtolAd TR S F3
G-code® wWgsle] =HS AAFeRL =S wet dFrjy FHo]2EE ]
st A YPAE Attt dFrY #Hol|2~E+= 70 ml A-> A SXAIZ]
< 13 99] auger valveE auger dispenser(MSD-3, Musashi, Japan)ell #2}s}
Atk AEE =59 7= W4 04 mm foem &9 34 =4 F ]

T £55 3 ~ 10 mm/sZ ¥ FUE 0.1 MPa, 28 3A £x&= 25 ~

o

o

)

)

200 rpm ojAtt. EHH AW ES FAES Optical microscope(Axiolab 5,

ZEISS, Germany)E &3l 733t s &9 IS S



4 8. SOLIDWORKSZ =& 3k 3D 2=,

Air pressure

Paste storage syringe

Auger valve

.~ Nozzle
.~ Printing object



dFH| L FHo]~E Yo EAjste E4HAle] & 2%, € T OE 7
HstE SAHs &2 x2S Y] fd EFF £471(TG-DSC, STA
2500 regulus, netzsch, Germany)E ©o]&3tth E4AHAIE ¢TIy =714
Adstel EA ZHEolE o A&d &, E7E=(0, 21 %/N, Balance, <A
A7) E AFESHY Air B917]9A4 5 C/ming] & 52 1000 C7HA] =
g3ttt

Mixero} Y=} f5o mE ¢FrjLy HolxE &2 EAS dolrix)
dilatometer(DIL-402C, Netzsch, Germany)E AF&3ste] t7] 7|04 &4
Al FEHFES SASAT ZF mixerE2 AZ2S YA F50d BE Al 1Y
B 3] Flo]2EE 10 mm)*10 (mm)*10 (mm)e] ASHAZE A3 5 A
ZANAT AxE AYFAE 5 C/mineZ 1600 CT7HA $Lste] AE = <

U Al G5 wpel 9719t A3 AlEF 3-roll-mill2 A %3 Ho| ~E

2AAY] BEE dotiy] S8 AFAE WA AFedT. I 48 =
2 AA 015 mme 9715 FHZ 100 MPa, 1 min 3¢+ 7}¢Hste] 848
Atk 3-roll-millZ2 A %3 Hol2EE 10 (mm)*10 (mm)*10 (mm)e] &S A)
2 AYsATh. APAE 60 CTolq 05 h A=A 5 2AAE Axs] 9

$ AFF $Ae ARE vEo R 400 TAA $& £% 5 CT/min, 1 h #4

2 (Nasiltech,

it

< 1600 C7FAl 5 C/ming £&E2 +2A1A 2 h ¢ 123
Korea)oll /| &3t &AZ2AS "HEs otl=Z7Mux dWE: FAHWYWASTM
D762)< &3 =438kt



m 434 3 13

L U=da 338 EFvy Jol2E §ed 54

dm

o]t}
$E8% 539 58A40] o} ¢Eo] M5 k= shear thinning ¥4 A%
[49]3 Zd" = S¥Eo] FAHe @48 AT WEaorstt. WA 47|
U #Ho]2E9 ¢F JheAdS dotry] 9t 19 10 (@3 2ol Y=dAt
o] W2 L4Tu)} FHo|~EE planetary mixer® A %3}

o &% 1, 10, 50 sTolM e HEE 7 1104 YeR

2
ol
2
e
ot
w
)
K
i
ol
=2
>
i)
e
[
(m
Lo
Jo
E
&
»
Jm
ox,
flo
4z
s

Fa3

EE dHo]2EA shear thinning A&<¢ AL 53l 3D ZHEANA 4= 7}

58 vol%ed W Ad £=7F FUlstd = HA Aol & Wt

&% 1 slA HE=Es 27 115 1.76, 556 Pasith. slg o) 2EELS
shear thinning factorgtal 3t= 71&7]7F ¥l ZHA Yehgt) o] 7&7|+=
shear thinning @7e] drty 543 doju=AE UHelle =7 2 F 3
oH50]. Kang JW.[50]9] =&l EAF] 2 BIdE ARSI S o
2717F Ethe dFE w3tk 19 108 Fa At ArtEeER Ve
717V 74 AS B 4 At mEbA dxedArt vy dEs dE A

E 7VeAE BoETH N09 60 volne] 7$ UM AFE Hol2ERT 7]&
<~



g u 1R FPol ¥24% Yo} wopdh 1% 115 B vIR
Zo] 54 volu=E 2SS o YA o] 842 AT} o= AL B
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ABSTRACT

Effect of Addition of Nanoparticles on Rheological
Properties of Alumina Paste for Extrusion 3D Printing

Dagyeong Lee

Department of Next Generation
Applied Sciences

Graduate School of
Sungshin University

Alumina is relatively inexpensive among ceramic materials and is widely
used due to its excellent thermal and mechanical properties. Existing
processes can only approach with simple shapes, so it is necessary to
implement complex shapes in order to apply them to various fields.
Additional processing is required for complex shapes. This is a major cause
of an increase in manufacturing cost as well as an increase in
manufacturing time. The 3D printing method is known as the simplest
method for implementing complex shapes. Among them, the material
extrusion method was used in this study. At this time, the binder, which is

largely due to maintaining the shape of the printed output, was



indispensable. The presence of the binder causes cracking of the sintered
body during the degreasing process and takes longer than the conventional
sintering time. In this study, we studied whether it is possible to
manufacture an alumina paste for 3D printing by increasing the frictional
force between particles using the same type of powder (AlO3) with
different particle sizes to replace the binder. The particle sizes were 0.4
um and 50 nm, respectively, and the viscosity and yield stress of the
alumina paste were measured according to the type of mixer and the
content of nanoparticles, thereby confirming the possibility of extrusion
molding to produce a homogeneous paste. It was confirmed that the paste
prepared by the 3-roll-mill was more homogeneous than the paste
prepared by the planetary mixer, and a paste with a higher solid content
could be prepared. In the case of the paste prepared by the planetary
mixer, the yield stress increased as the nanoparticle content increased in
the paste with a similar viscosity below 400 Pas. As a result of the 3D
printing stacking, the stacking height was 5 mm when the nanoparticles
were not added, and the stacking height increased by about 70 % to 17

mm when the nanoparticles were added at 7 wt%.

Keywords: Alumina, Material extrusion, 3D printing, Nano powder, Organic

Binder free
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