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: (2567, 408 ) / (2474, 306 )

: (3992, 409 ) / (3987, 307 )

: 

( ): 55% + 20% + 20% + 5%

: 5 / = + 4 , 5~0% + 0~5% 

:

= 1 1 : 

= 1 2 + 2 1 ~ 2 : 
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-

(2) : 
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(3) :

- ( , CIP)
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(4) :

- ( , )

-

(5) : Tape Casting

ל
Ⱡל Ͽ↔

1
Orientation
♣ ♠ Ἕגḉ̑♬

Ợ╥ל , Ṫḙ
Powder Processing?

2 á ∟ᴮ ░ҵṪ PSA / SEM

3
â ∟ᴮ ʺⱠ - 1
ã Ṫụ/♩ҵ ♬

ṪụⱠ (PH, ̆ Ṫ▫)
Suspension ɣ Viscosity

4 ä ∟ᴮ ʺⱠ - 2 ˺ Ⱡ / ʺἵⱠ / ┼ Ⱡ

5 å ˠᾏ ᴆᾅ↔ Ṫᵦ
Granules from a ceramic
slurry for dry -pressing

6
æ Pressing/CIP
ç ѱ◑ Ἓ

Dry-pressing/CIP
Slip Casting

7 è Sintering Sintering in air

8 ở̃ʹשׂ ͖ʹ

9
ἵ˺ ὡ ═, ỮҍḌҵ
⁷ợ/⁷ᵡ/⁸⁄

ὡ ═, ỮҍḌҵ ♬
ἵ˺ ⁷ợ, ⁷ᵡ, ⁄

10 SEM̕ /ḈἝⱳֹוṪἍ
SEM ̕ /Ợֿב ₅
͙̑═, ░▫ ͙ ♬

11
╪ ᾅ ↔
ᾈױᵙ Ⱡⱳ

↔ᵰ, ʺⱠ, Ṫᵦ

12 ╪ ᾅ Doctor blading

13 ╪ ˺ἵ/תּ De-binding/Sintering

14 ₉ẋ ʼל

15 ͖ᵣ̃ở ͖ʹ



1 (YAG )

In order of solvent, dispersant, powders

Y2O3 Al 2O3 Raw Powders

Mixing &

(Ball) Milling

Drying w Stirring

Calcination

Crushing

(Ball) Milling

Drying & Sieving

YAG powder

Batch Calculation

Weighing

1-1. Synthesis of Powder



1-2. Powder Processing for Press -forming & Sintering

YAG powder
100 g

Batch 

Calculation

Mixing &

(Ball) Milling

Drying 

Crushing/Sieving

Weighing

Spray Drying

Dry press at 100MPa

(CIP 135 MPa)

Sintering

1650  for 2h

Grinding

up to #1200 SiCpaper

Polishing

down to 6-1-0.1 um

Thermal Etching

1550  for 0.5h



2- 1 , , 

(1)∙ᴫṧᵣ █Ҳ(Particle Size Distribution) ṧἊ by PSA / SEM

PSA

SEM

https://m.blog.naver.com/elimglobal91/221964212005


Particle Size Analyzer (Laser)













A. PSA› ╢ particle size distribution ♩ Ř♫ 1 ᾏ ᾏᾈ ♫ד

à ᵃὝצּ 98g› ṧỢ♫(SN 5468CF) 0.02g (0.5w% relative to powder) █/

i) ↑ ╖ 49 ml ↑  2ˉᴘ ṧᵖ

ii) 1ḱ ↑  (zero setting ↑ ↑  49ml) ₠Ҳ ♩

iii) 1ḱ ↑ ╖ ╧↑ Zero % setting ╖ Ѹ

á 2ḱ ↑ (ϫᵻּק ↑  49ml)› ṧᵣ(Al2O3) 3.987 g=1ml (2 v%) █/

(Theoretical density of Al 2O3 = 3.987 g/cm 3 )

i) Ball -Milling for at least 0.5h

Sonication for 10 -20 min at a strong intensity ( ⅔ ᾋ De-foamer █)

ii) PSAᵎ ╧↑ ⁭ Ẉכ ᾋᴫ╢ █Ҳ ṧ ᵎ ♩ Ѹ.*

â ᵠ╪ ♩╧ „ᴋ→ᶑ, ᵃὝצּ 9ml› 2ḱ ↑  1ml(‏ 1g)╖ █ Ἂ (0.2 v%)

i) PSAᵎ ╧↑ ⁭ Ẉכ ᾋᴫ╢ █Ҳ ṧ ᵎ ♩ Ѹ.*

* Ҽ₂ừ Ɑ



B. SEM› ╢ █Ҳ ♩

à 0.01 vol % ╧ ╢ дҲᴘ ἊӅ ᾋᴫ ṧᵣ ṧỢ ╖

ᾅׇ╧Ӣ ͏ׇᾂ(Micro -slide) ⌐› ḟ↕ ỉᵘѸ.

á ₓẃ ϼ›Ἁ ṧ ˝Ɑ , ♆ҲἘ (Ḣ͑ ) ̃ ■♆ởד ḅ˼╓ᴘ ᾋᴫᵎ ̒ Ѹ.*

â ᾋᴫᵎ Ҋ Ὕ ▐ѡ ש⁭ Ἁ‹♣קּ ởּש╖ ₂ ̃ ╧ ởּשӦ╖ ᵘ ᴘ ╩ὂ Ѹ.

ã ởּש ừ╢ █■╢ ͖ᵎ ■ᴘ ♩ Ѹ. (1╩҆ 30ˉ)

ä ᾏ ˷̐ᵎ ╧Ẅᴘ ᵠӦ̃, ͉ █■ ͖₫ ṧ ᵎ ˾Ợ ̃ ͋ᴋṒѸ.

* Ҽ₂ừ Ɑ

ʷᴘ, Ἒᴘ ♩ ͉ˀ ͖█

- skip -



IFPRI Black Spherical Standard

 Nominal 3-30 microns Sample # 6358
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̐♫:

à Laser Particle Analysis ˷̐ˀҢ╧ ṧἊ ( ͉ˀ, ׂשʹˀ, כ כ͋ , ӫ)

á SEM █ҲṧἊ˷̐ˀ

â█ҲṧἊ╖ ѡ╧┘: ‗ Ἐ Ḑἲ˷╢̒♣›Ἁ

ã█Ҳ(particle size)ᵎ ♩ ѡḟḶ̐͋∙ᵖ : ˃Ḷ / ḅ˼Ḷ/̘ỢבḶ



(2) ↑ᵭ(Solvent)╢ Ἅ♩

Liquids are used to wet ceramic particles and provide a viscous
medium between them, and serve as solvents for dissolving additives .

Organic liquids are
(1) may be flammable and toxic,
(2) higher costs,
(3) lower surface tension increasing wetting of solids,
(4) easier drying .

ὧέί—
‎ ‎

‎





(3) ʷ♫ (Additives)

added in small amounts and are eliminated in a later stage of  processing

à ṧỢ♫ (dispersant or deflocculant)

á ˷ ♫ (binder)

â ʷἲ♫ (plasticizer)

ã ἲ ♫ (defoamer)

ä ┤ ♫ (lubricant)



A. PH Dispersant : [H+][OH-]=10 -14

for Aqueous System Only

à ṧỢ♫: Dispersant

B. Polymer Dispersant

(short chain polymer with a functional

group; low to medium molecular weight ) 
(1) Non -ionic
(2) Ionic 

Anionic
Cationic

*

Coagulation( ╞˺)

Flocculation( ╞︡)



Origin of Surface Charge immersed in an electrolyte

OH -

H+

PH
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Al2O3
SiO2

Stabilization - á Electro -static Stabilization



IEP





Effect of DL thickness

Effect of ƾo

Effect of 
Hamaker Constant





Stabilization - â Steric Stabilization







Flocculation/Coagulation



ṧᵣ ṧỢᾏ Ř♫ 2 ᾏ ᾏᾈ ♫ד

(1) ṧỢᾏ : PH ṧỢ

á Al2O3 Slurryᵑ ᵣӧѻ. (Al2O3 powder 25 vol.% = DI Water 75g + 99.675 g of Al 2O3) 

-> sonication for 10 -20 min at a strong intensity (Ball -Milling is necessary in real)

â Ữ͙ slurryᵑ 50 ml ῭ 2ˌᴛ Ṫᵙ ̆, ͎ אַ 1ˌ╥ PH₮ ♣Ҳᵑ Viscometerᵑ ╪↔ ♬ ѻ.

ã Ϯᵾּת 1ˌ╥ slurry⁄ ╙ụ(HNO3)פֿ ʻʻ 0.25 wt% ʺ , PH₮ ♩ҵᵑ ѻᾎ ♬

ä Ữ͙ á╥ slurryᵑ ѻᾎ ᵣө̆ ╪ᵑ 2ˌᴛ Ṫᵙ ⁴ ʻʻ╥ slurry⁄ ╙ụפֿ 0.5₮ 1.0, 2.0  wt%

░ ᶔἌ Ữ͙ ̓♬╙ ḙṓ ѻ.

å ─⁄Ἄ בֿ‡‫ ҥ╪ ᴛṨ ṪụⱠ ‚ vs PH, pH vs log(♩ҵ) Graphᵑ ͎ᵛѻ.

IEP of Al 2O3 = 9.1

(2) ṧỢᾏ : ̃ṧ■ ṧỢ♫ ṧỢ

Batch A (50 ml Ẉ╧ ) Batch B (50 ml Ẉ╧ )

DI water 10 g (10 ml) DI water 10 g (10 ml)

SN5468CF 0.24 g

AES-11 39.87 g AES-11 39.87 g

Solid content = 50 vol% Solid content = 50 vol%



̐♫:

àṧỢ♫╢ ‗› Ӹᵍ ♣Ҳ Ṇ כ͋ ,

ʸ ṧỢ♫ ‗› Ӹᵍ Viscosity -Shear rate ͋כ כ͋ , ╢ Ἂ

á PHʷ ṧỢ› ḅ ѡ ₂

â ṧỢ♫ ʷ ᾋ ṧỢ╧ ▲ ӄѡ ╧┘

ã ṧỢ̐ ♣Ҳ╢ ♩╢:

Dispersion State of Slurry = Degree of De-flocculation

Viscosity = Slope of Shear Stress vs Shear Strain Rate

ä ṧỢ̐ ♣Ҳ╢ ♩ḟḶ

Determination of the degree of de-flocculation by Sedimentation

Determination of the viscosity by measuring Torque exerted by slurry

å ᾅשᵖ╢ ┘ҼἘ̐ ♣Ҳ╢ ̒˾



Long chain polymers providing strength to the green body by forming bridges

between particles

Depending on the processing method, up to a few %, providing strength

Must be removed by pyrolysis prior to sintering

á ˷ ♫: Binder



â ʷἲ♫: Plasticizer



(2) ʷ♫ ở↑Ḷ ᾏ : Ř♫ 3ᾏ ᾏᾈ ♫ד

Batch A Batch B* Batch C*

DI water 15 g (15 ml) DI water 15 g (15 ml) DI water 12.99 g

SN5468CF 0.36 g SN5468CF 0.36 g (0.6%)

SN BD-20 2.52g (0.844%)

PEG 400 0.252 g (0.422%)

AES-11 59.80 g AES-11 59.80 g AES-11 59.80 g

Slurry = 30 ml

Solid content = 50 vol%

*) 125ml bottle + half Al 2O3 balls + 30 ml slurry

BM for 12h -> Drying -> Sieving -> Pressing

Rule of thumb
Solid content: ~ 30 - 40 vol%
Dispersant: 1~0.5 wt%
Binder:      1.5 wt%
Plasticizer:  0.5~1 wt%



̐♫:

à ʸ ḡ ϼ Ἐṧ╢ wt %, vol %ᵎ ˾Ợ ṒѸ.

á ʸ ḡ ╢ ♩ ̃ ṧ solid content, vol)ר %)ᵎ ˾Ợ Ѹ.

â ʸ ḡ slurry╢ ♣Ҳ(viscosity) ᵎ ╩ ♩Ἐ♅╓ᴘ ͖ὢ Ѹ.

ã ╧ ᾏ ╖ Ό Ὕ ▐ѡ ♣╕?



̐♫:

à♣Ҳבᶱ ╩ʷ?

áἚׇḆᾅשᵖ╢♣Ҳѡ₴ׂש⅔ ʷ?

âἚׇḆᾅשᵖ╢♣Ҳ›₂ ╖ḅ ѡ╩■›ѡ„ԍˣ╧▐ѡʷ?:

Particle Size, Its Distribution, Particle Shape,

Solid Loading, Degree of De-flocculation, Amount and/or Sort of Organic Additives

ã ừ╢ἚׇḆ̎♩›Ἁѡ̃ ṧ╢ ϫקּ╢ʷ›Ӹᵍ♣Ҳצּר ừᾊ╖‟♫ ͖⌐ Ѹ

‗ Ьᴌ╖͖↕╧̃▐Ѹ. ͋╧┘ѡ?



2-2. Powder for Press -forming & Sintering Ř♫ 4 ᾏ ᾏᾈ ♫ד ᴘ♫ד 3♫) Ҋ )

Mw(Al2O3) = 101.960g/mol, Density = 3.987g/cm 3

Powder Weight = Vtotal * fvol.powder * ǌpowder = 1,196.1g

ŚOqdo`q`shnm ne 1000mL of 30 vol.% slurry ś ὓ ὠ Ὢz Ȣ ”z

Batch Calculation

& Weighing

Solvent (DI Water) = 700ml*ǌsolvent = (700 ŕXothers(=47.84)) = 652.16 g
Dispersant (SN 5468CF) = (0.6w%) = 7.18 g
Binder (SN BD-20 20% solution) = (1.0w%) = 11.96 * 1/0.2 = 59.8 g
Solvent in the binder Xothers = 59.8 * (1-0.2) = 47.84 g
Plasticizer (PEG400) = (0.5w%) = 5.98 g
Powder = 1,196.1 g

Ball milling for 6~24h h in a jar (Vjar = Vslurry * 2 * 2 ml = 4,000 ml) w 10mm ƹ
Al2O3 or ZrO 2 balls

Mixing &

Ball-milling

Drying 
Drying solvent of the ball-milled slurry on a hot plate at about below 105oC with
stirring and then placing it in an oven at above 100oC until it is completely dried.

Crushing/Sieving
The dried powder cakes should be crushed on a mortar and then passed through a
sieve of # greater than 50 for obtaining homogeneous powder mixture .

S
p
ra

y D
ryin

g

Dry press at 75MPa

(CIP 135 MPa)

Sintering

1650  for 2h

Grinding

up to #1200 SiCpaper

Load = Pressure * Area
Ex) Load = 75 MPa * ɚ(D=20mm/ 2)2 = 7.5*106 N * 100ɚ* 10-6 m2 / 9.8N

= 0.75ɚ* 1000 Kgf = 2.36 ton

Polishing

down to 6-1-0.1 um
Thermal Etching

1550  for 0.5h



(1) (Ball- ) Milling

ɣ Agglomerate size and type(hard/soft) also affects the flowability , dispersibility and sintering

ɣ Particle size distribution other than a mean size affects flowability , dispersibility and sintering







(2) Spray Drying 

TInlet

Toutlet

Feed Rate

Gas Flow Rate

Atomizer Speed





Slurry: slightly - flocculated, pseudo - plastic, de - foamed, high solid content

Droplet size : feed rate of slurry, solid content, viscosity of slurry

Control of inlet & outlet gas temperature is one of important parameters.

Pcj_rgtcjw slgdmpk qgxcb $ qnfcpga_j ep_lsjcq md lmpk_jjw 3.2˾00 mm

Spherical SiC granules obtained by spray drying



Stainless steel granules obtained by spray drying ( EtOH )

SiC from Saint -Gobain SiC-ZrB2 Granules (CT)



ŚDeedbs ne sgd Q`v L`sdqh`k `mc Bn`shmf Oqnbdrr Bnmchshnmr nm sgd Cdmrhehb`shnm ne 7 
wt % Y2O3-ZrO2 Sgdql`k A`qqhdq Bn`shmf ax @slnrogdqhb Ok`rl` Roq`xśJ. Kor. Ceram. 
Soc. 53(6), 628~634 ( 2016)



̐♫:

à ṓ ḉᵝ╖ Ὕ Ԃ ╢ד ‎ ♣›ѡ „ԍ ˣ╧ ▐ѡʷ?

á ῳכ╢ ╩■ Ӧ╧ ṓ ḉᵝ╢ ˷̐› „ԋ ₂ ╖ ḅ ѡּק ͖ὢ ׇ.

(a) ṓ ḉᵝ ♆Ὕ, (b) ṓ ḉᵝ ᾋʹ,  (c) ᾅשᵖ ♣Ҳ,  (d) ↑͖ ♅ ҊẈ ṓ╢ ↑♅ Ẉ┬

(e) solid content,    (f) dispersion state,     (g) diameter of balls



3 :

3- 1 ( )









3- 2 (CIP )





3- 3 (Slip Casting - )



3- 2 (Slip Casting) Ř♫ 5 ᾏ ᾏᾈ ♫ד

Sintering

1650  for 2h

Al 2O3 powder

246.00 g

Batch Calculation

& Weighing

Mw(Al2O3) = 101.960g/mol, Density = 3.987g/cm 3

Powder volume = Weight/Density = 61.81 ml
Solvent volume = 5/5(Powder volume) = 61.81 ml

Solvent (DI Water) = 61.81g
Dispersant (SN 5468CF)= 1.48 g (0.6w%)
Powder = 246.00 g
Total volume = 61.81+61.81+(1.48)/1.07 = 125.00 ml

Ball milling for 6 h in a polyethylene bottle (500 ml) w 10mm ƹZrO2 balls
Add de -foamer (BYK-018) 0.062 g (0.025w%) & BM for 1h further

Mixing &

Ball-milling

Drain Casting
Pour the slurry into a gypsum mold, keep the slurry in the mold for 15~20 min
Then, drain the slurry out of the mold

De-molding/Drying
Drying the cast assembly for over night
De-mold the dried cast from the mold and then dry at RT overnight
Dry further at the temperature higher than 35oC for several hours



̓Ⱡ:

á 1 ʺ Ἓ (uni-axial pressing)̓ ӮḢ ʺ Ἓ (cold Isostatic Pressing)╥ ◑/Ѿ♩╙ ͙ὥ .ג

â 1 ʺ Ἓ ᾎ Ἓ ὡֹו Ѿᶔ♠̓ ╬ʺ ╥ʼאַ Ữ̕ ́̕⁄ ҍ ⁴ ͙ὥ .ג

ã Ἕגḉ̑♬╙ Ⱡҍᴛ Ḥ↕ּת ᶣ ѱ‡Ѥתּ⁪ ᴆᾅ Ἓ ᾎ, Ἓ Ḍҵᵑ и╪͙ ─ ╬ʺ  

ᴏ╙ и╪ᶔ ӇѤ ˦╖ᴛ ◄ ᶣ ῼ̆ ▓ѻ.  ᴏ╙ и╪ᶔ Ἓ ₮ ͔ Ṉ̓╥ ᵡ ᴏ╪ ʺשּ ̆ Ἓ

╥ ᾅ ᵠ ḥ Ữ╪ ᾔ ︠╖ᴛ ╬ Ἓ ⁄ ͌⁸, Ḗᵙ Ӯ╪ ḛỸ ͙ ὺѻ. ╪╥ ˺ ḢΌ╘

ᶴ″╬ʺ?

ä Ṫᵦ Ἓ ᵑ Ⱡⱳ ͙ ─ ᴆᾅ ֞Ѥ CIPἛ ̑♬⁄Ἄ Ṓѻ ‚ Ἓ Ḍҵ ͎ᵙ̆ ͌▀

Ἓ╙ ͙‫ ─ ᴆᾅ Ἓ ↔ ∟ᴮᵑ Ⱡⱳ ԅ ‡Ԑ ʺⱠᵑ ʺ ⁴‒ Ϯ?͎ᵙ̆ ͎ө╥ ⁵

╘ ᶴ″╬ʺ?

å ṪụⱠ,˺ Ⱡ,ʺἵⱠ,ἵ Ⱡ,┼ Ⱡ ʻʻ╥ ⁵ ̓ ∟ᵙ⁄ ҍ ῷѤ ҍᴛ ͙ὥ .ג



Appendix



A Porosimetry

A - 1 Mercury Porosimetry

https://youtu.be/I71p-v8spDw








???

òNeeds Correctionó



Bulk Density

Apparent Density

Inter -particle Filling

Intra -particle Filling: Open Porosity

Particle Packing



A - 2 Gas Picnometry




