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1 ... Slurry mixing procedure

2 ... UV irradiation

3 ... Aging

4 ... Heat treatment

A ... Uncoated silica

B ... Silica coated with inorganic binder
AA ... Starting powder

BB ... Molded product production
CC ... Post-processing

DD ... Silica powder

EE ... Monomer (TMPTA)

FF ... Initiator (HPCK)

GG ... Dispersant (Disperbyk-111}

(57) Abstract: The present invention relates to a ceramic slurry composition for 3D printing, and a method for producing a high-strength

ceramic structure using same, and more specifically, provides a ceramic slurry composition for 3D printing, and a method for producing
a high-strength ceramic structure using same, the ceramic slurry composition comprising: 60-80 parts by weight of ceramic particles
coated with an inorganic binder precursor solution comprising sodium (Na); 15-35 parts by weight of a photocurable resin; and 0.1-5
parts by weight of a dispersant, wherein the photocurable resin comprises 80-90 parts by weight of a photopolymerizable monomer,

1-10 parts by weight of a photoinitiator, and other additives, and the composition is photopolymerized by being irradiated with light,
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and then aged at 50-200 °C for 1-3 hours, thereby having enhanced strength. By using ceramic particles modified with an inorganic
binder instead of the conventional sintering process, high strength may be gained, and deformation which may occur in a heat treatment
process may be minimized.
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2L AA(UV) ZAL sl A o} A H # o] E vhaEA o] Fefr]Z Ftol of 8 #7 5)
AFAE A zetr] Y gk ol A ol E wheFA o FIIAIA 2 AREE AT
TMPTA % HPCK3= Sigma-Aldrich (Germany)oll 4 -1-<1 3} t}. DISPERBYK-111
(BYK, Wesel, Germany) < wAHA| 2 A g 23H&0o AL&381 it 2£3=
HPCK®} BYK-1112] E3H8]3= TMPTA 5% 7|02 247} 4 S3%9} 1

= %S T

at7] 3 12 34 sk Aete e 2AGARDE WERd Aot

F 3 A A &5 A7t A

30 70 0.3

B A Al ool A At A wi= Hd QA A71719.51um Sl &8 A 2] 7H(Sibleco,
Korea) 5 AF&3t3lth. A v] £ A2} A (ceramic body) ol 7] A 4] 2 =&
AN 7171 A8t T viIY & 2 3ketE A &5 AeahE sl e 22
Ao = Azl

AA, S R A IS ~25°Col A 1A E B -] uily] gl
HAA AT, 7] SN g EdoE Q2 E A 2] # o] E(tetracthyl orthosilicate,
TEOS), Y E & W 5 A}o] = (sodium methoxide, NaOMe) & o| A~H-E
¢k 57 E-(isobutyl alcohol, i-BuOH) = -4 ¥] 1 t}. TEOS, NaOMe % i-BuOH <]
= 247 38,56 2 6 T F % TF. TEOS, NaOMe % i-BuOH:= Sigma-Aldrich
(Germany)oll A -8k T} o] & ol A7 v =& 3] gF 2 I E](Advantec,
Toyo, #5A)E AM-&38to] o fato] 1A &M} A7t v =& skl 42
21 2] 7} B] =& 80°Col Al 10A]F &-9F T2 A] A T,

Tl vt 2 ' | At At FA A AE 1200 ppm 2 531
¥ o] 2~ E = A (HanTech, Korea)E ©]-&3lo] o L5t 33ttt

Tl uele] ' o] aaE vlasty] 8, 571 uielv 7t 2 ' ¥ A 5 &6
Ae)7tE dR5E FUs 24, Fded TAH FAIA A5 o] g5t

g & F712 A zeqr).

i E

<A A 2> /4 @ Al(green body) R £/ A (fired body) 2] A =}
JE A A2Fs 98, 33 7 S (fracture strength) 5782 913F 50 mm x 6 mm x 1
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mmel A& WA FHoE T 2R Lelel 2 APt L FHel By
A RS A S A e A A Lelelol Letol 2 £-2E TSIth 365

nme] T3S 2H= UVE 2 S A8l 5k 2A T T F UV/]
A5 710l 9] A5 A gtsto] AR o] S AW FHETF A H =
ZF Aol g o) 557 UVE A =AU A (green) E A4 A B «l
AL GAE ol 7] AEl 71 TGl A A ool FAHE FUEE 1A
Tt ALt g, o o] Lo ihE £ HkE a 8-S HUkshy] A6,
7}7} 50, 100 2 200°Ceo| A =3 3F ATt Al 2 A &2 1A ZE -5 2F 1000°Cell A
DAY= AT (1)

[107]

[108] <Add 1>7128 &8 227t L Ay Ex 54 £4

[109] 1. g4

[110] NAE &5 A7 &= A A zFA" %‘Eﬁ](DSC DSC4000
PerkinElmer, USA)Z S48} ¥ o), #4118 98] AES dFuw Mol €l

Q= 1°Cmin'e] 7+ S5 & -50°C ~ 400°Cel A S ¥ 91t

[111] A A9 3374 %= 1= 75 A ¢l 7] (Instron 5566, Instron Corp, USA)E o] -&-5}¢]
0.5 mm-min'9| %52} 10,500 N2| A ¢k &tF 2= 37 3] LA A4 ¥ At
A2 ol A 53] A Alste] F gk 83Tk

[112] A A e} A I EE SH5 T, AL AE 1] 7 (SEM, JISM-5610,
Jeol, Japan)-& ©| 83} Ikl A]H 2 J]m_‘?ig WAslo] vl A2 E P E
WA T

[113] ool £5o] w2 AP A o 52217](-0H) 24 Fe]ol] ¥ 2 9 4 (FT-IR)
#3471 (FT-IR, FT/IR-6300; JASCO, Japan) & ¥4 ak it} 55 SAE 4 cm 9]
3’5 0.2 4000 ~ 500 cm! H ol A =3 ¥ A1

[114] T4 dA2E9] gs 4 A3 Jel= XA 32} 3334 7|(XPS, Al Ka X-ray
27F AR AXIS A gl AE7)(EH 7] 205 -9, KBS,
=R SR R R =

O

=

[115]

[116] 2. 4823

[117] 2-1, A FAre] By vlole] &2 I o]lo] A AX o)
[118] A &7ke] A7A) 9 TEOSE th7| 2% H 1S &3}

2 28282 2Horthosililic acid) ¥ & Z-& 2 FaflH) (7FE-El vEg). A
2EEARANE F QA S8 A2 2Rl F47)(O0met F3H A

o Al os LY P o] THF vES-= S8l -0-Si-0-(2 F4h) 2ol
11—

AAE 548 zh= AkstE v fHA 7 A E a1, o] o] A K o] g0
At a1 AzxE o] A7) 3 Ef’a‘;}‘l}% &A1 3k}, “1¢8] 22 NaOMe+=
78l HE-g--8 A 2 NaOH7F AJ A E v 8§ A 8] 7F o] ' H ) (&2 2).

[119]
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[120]

[121]

[122]
[123]

[124]

[125]

[126]

[127]
[128]
[129]

A% g Aelzho] e 271 vhale] ATA S FFER R HE w3l o3

= =
WA, AR §8 Aelzh 3 Fo] kel 29 E 48 Aelghe] AL
d ool M o] A| A AFA A (DSC) 2= H = LhERL % 32 3, 7]
uheIE 2 51 8- Aelrhiz 200091 A Al A5 o] 140°C7HA) o]
AP o] WS T uhelre] oA g Beldow FHH 53
B5eol] o) g e Witk W, ] wield 2 IR HA e §5 A
&5 ol mheh wel 928 thehiA) @gkan, A ¥ A5 BEE A gk
ol AR §8 A7k AL Gol A WA @8-S ol v Fhk,

AAA o] d5ZF-A i}oéli—*d(TG-DTA)% xJ Ed AT} w42 A% }Ud, (@)
TR A F T Tl ulu & 2Y g AlH AR & 5 gl o] &1
91 (~400°C)0 A F7] ulelv] o] Z-A "k-g-o A -OH 7] 2] 4=l 2] 3|

< EEE

2} 7](Si-OH) 7} A FAH7](8i-0-Si) & W 3ho}, 1e] a1 ET;cz 013l o
ol HH MENA U] & AL 7Y, o] = ol o] A M Zo] v & e
23, AEAo 2o ¢ 2 AFES 2=tk A S o v o)

o, (b) T-REel A = F 71 =CE 8 ad2h 9] sl 2 8l {7 =0l
A A G e} AZ o] FEFo] ks gAE 4= gt gl o] oA DTA
A EGo Wy v A5 #ET 5 k. Haol o gk i v 29 AR
2 it F7] vl 2 29 AgatE AR A5, d 5 AgtE ANE S
1T} {71 w8l S5 we o

() TRt A = 7] vl of gl @ 8§ o] dhA g}, whetA] (d) 1ol A
71 vl & AFg-ato] Alzgt M Eo A B 54 94

A 7h= A 1000°Col| A &} #]) FA vk YEFS H7bsbd Ael7ke] 4
TZ2E A ol N3 7] Al 2fsto] Q)af Alol of WA e
EAS A ST ebA F7) vRlt 7 A8 A E S
g Bhg 2] 3 BhgE 1A A4 Tk e E
71 vRIT 7 IR ¥ A & A& f-7] vkl d
Ao ol A5 7HE 4= gl

o
N
)
1o
Q9
rir
rE
olo
©

22 Aletel A P A A ] 97 7 & (fracture strength) <1
L55 Fxstd, Tl uklg & Z" s e 7tEs S8 AR she] Alzd
218 Al (green body) 2] 33 7} & (fracture strength)t= 1 & 2] 712 A28
Ag A e sy e Tl 58 A 02 et o= UV U E 1 333
Ao A wHA sk Aol o3 7] uplv] o] £ whg-& S sto] A A <
PAR=E=1

I F7bel Z1)lske] o) ool 34 glo] g T 5= stk

= 0o O
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[130]

[131]
[132]

[133]

[134]

[135]

[136]
[137]

Tear ool Folli= Aelrk Rlel 2R E 7] uielt o -4 whgol &4
AE)7F AA Abelell HIES S g sto] ARt AdH e FIAA L
7} 5 (green strength) 7k &/ E Tk, @A) 52 30 LR ufe) 3Eo], A2 o o o] A &=
71 vkl o o g 59k wkg-o] Adojupr] wjitofl 50°Cell A ol o] F-oll &= A ¥
2wt Z7bet ek c1e]aL o o] & =7k Fbekel] whet i Y Ajol] whE A Y
FE7F ST

A, A8 AY7tE AR IS olo)d 57t wobd s Y A5l
Apol 7k A9l glReh. 23812 200°Cel A ol o] & AP FETF R sk
7}i

o= vhebgeh, ol = f7] Hhelrie] eFat Agtol EolA F7] uelt]
U= 91 27} ol A 7] Hitoleh, o] = . whg o] & 44 a4 200°C o]
¢l

o) A ool g 4 & H Bt e ol

kA, 7] akle 7F 2R | AEIhE ol &ate] Alxd A= FTH T
A7k 4] e 2¥Fo] A HE AL sttt o] A¥F S &6
Ag]7lel el | F714 ulele] &2 o o] 2% 7) Z7Fgkel uhel ¢ Aol
gefo] i abeke] AV 2R A Wt o] aEE e e At
A2 U ES AE Zebsta AP A S G F s FA A E3 o] g
B9 =19] 4ahi= A sl A A Abol o] W7 ¢ (necking area)&

FT7HAA FrElEk a &S YA F

upebA] 7] vRelT] of o o) A& AR A4 A ETF FAE Sl
TA Ao, F7] vl 7t 2 A g S AR ol FAX AP A E
1000°Col Al DA gl 3te] Al 24 AlgHS dlo]d 2571 F
F7behE A EE SR ool A & A 8ehA] Al vEE 1000°C
A= g) e 24 A 9 7= 26.6 MPa, 200°C ol o] 3 342 283 |
A A = 38.8 MPal] F & &R o] e gk 10 MPa o] 9] 75 3R
1 YA Abol o] fre] Al AgE g-&o] F7HehE o v gt}

H

T

T

ol whe Agelo] A 24 i RS Ageks 24l o3
o o] el A W4 oA, o] vl o] 3 wkSol o8] A4
IN u

e
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[138]
[139]
[140]

[141]

[142]

[143
[144
[145
[146
[147
[148

— e e e e

stob3), FAbEfrol oA FujE A4k kel FEA 0] Qi
FARFE G 2A 2ol o8 A R o Botar Axbe] F
1B F 24 F Lk wob W oA frele] Hut WA B
518 YT ek 24 A 94 Aol o] U7 EIESE UKol
Fre) el Aol F7hshar a4 s B w@E S ek
uRele] o] o o] % 3 £ 1000°C LA F YA Atolo] A=
F7hAIa 24 B S BN A o] Ashiz 70 Lhebd ups} o,
1000°Ce M el A o] shebel o] ] A T2 2 el = FHe % 5= 9ok
oo Lwr} IR A} Aol o] Fel A AT AHo| F7 G2
Folahgh

2-3. ol o| A FA T A TG = Ao AAAA &S
g el A Aol uteh, 7] vhle 9 ool £ St ol o] A £ 5
ool vheh A R A s G FE S delegit ol
A= QA 2he] Ak vl E9) A dstol o,
L3, FT-IR3} XPSE w4 sho] ol | &7 o Aol 7t iz A=A
sttt
A, 188 sk, 7] kit 7t glas A vhs ool s wel
5171(-0H)2] A&7} 719] gllot, wuheltl & 288 A %
TALB | (OR)7F A Ashis AR YERH o= &

7] whel ol A &3 vkg-o] Z31H 7] witol v, ¥
| A AR5 57] vlelt] ¢ TEOS ¢} NaOMe+= &}~

-

{0

slo]

J
-

iz

-

N

W O

o ol o >

£ i o
o

2
o -
m
-
&S
olo
ot
=

Si(OR), + 4H,0O — Si(OH), + 4ROH (1)
RONa + H,O —- ROH + NaOH (3)

oy
N

! (3)0] A &} o], TEOS 9} NaOMe:= 37| 59 =52
Z} —1‘ =7 lg‘r TRV ESES dA sk EAM] A
— O

olo
)
Wj

NS
N
Y

%50 §5i0,2] #4248 34 ﬂu}( & ). ol =<
7 L—‘é— lLE%Zh%%“i

LT st uhel o] gk g E E 3 wk-g-o] 7hErsl o
< (Dl A A E A ek=7](Si-OH) 71 7F 2

ShlE T} ol 2 gk RE-g-& Bl A Bhe 2 Lol ARl .
2,5 3% 5 49] DSC ¥ TG-DTA A3l A & 4= 9l 5], -OH 7] 2]

= 20°C ~ 140°C 2 ~ 400°Col| A Ay gk}, 20°C ~ 140°C (3l w3l of) =
70°C o A B2 o g E&E a7 = gt =3 ~400°C

oA AefzE7|7F A F5AVIZ Asty] wjitel ol o] L% 7F200°CY o 7+

o S PR Y vl R 1 (0
o

FHF‘:%QFL—E—Q@—EOW

T8 pl S8 oy 2 ope ol px (T
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