(2567, 408 )/ (2474, 306
(3992, 409 )/ (3987, 307

55% + 20% +

(2026)

20% +

5%

= + 4 , 5"‘0%

0~5%
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1 (YAG )
1-1. Synthesis of Powder
24001 Fabrichnaya el al., 2001 H-Y-»03
_ 2327
2200} L
I 2000 1975
1824 1913 —
5. \/W 1950
:"2' I 1811 6 N
= =
o 2s B¢
g g = |3 o
£ 1400} & 3 |s |2 O
o~ —_ -
N 2| |S
12004 2 = 7 5
1000}
800 Lot G 1 i3 _] 1 wi
AlO310 20 30 40 50 60 70

Mole Percent Y203

Batch Calculation

In order of solvent, dispersant, powders

(Ball) Milling

Calcination



1-2. Powder Processing for Press

YAG powder
100 g

Batch
Calculation

Weighing

(Ball) Milling

-forming & Sintering

Dry press at 100MPa
(CIP 135 MPa)

Sintering
1650

. 5h
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(1) n$ X (Particle Size Distribution)

& A by PSA/SEM

)
Size Sample
Capability Size Analysis
Method Medium { pm) (g) Time*
Microscopy
Optical  _______ Liquid/gas __ 400-0.2 <l S-L
SEM CElectron Vacuwm ____30-0002 | <1 S-L
Sieving
Air 8000-37 50 M
Air 5000-37 5-20 M
Liquid 5000-5 5 L
Inen gas S5000-20 - M
Sedimentation
(Gravity) Liguid 100-0.2 <5 M-L
{Ceminfuge) Liguid 100-0.02 <l M
Electrical sensing zone
Ligud 400-0.3 <l S-M
| Light scattering ~— — ~ ~ ~ ~ ~ " T T
PSA | Fraunhofer Liquid/gas 1800-1 I <5 S
| Mie Liquid -0 <5 s
| Doppler _______ Liqud _____ 6-0.003 | <1 5
Intensity fluctuation
Liquid 5-0.005 <l s

“S = short { <20 min); M = moderate (20-60 min); L = long ( > 60 min).


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

Particle Size Analyzer (Laser)

Sample measurement

cell Small angle

detectors

Wide angle
detectors

Medium angle
detectors

Red laser

Figure 14: Optical layout of a state-of the-art laser diffraction instrument.



Front wide-angle scattered
light sensor

Ring detector

Moveable mirror

e

!

Front wide-angle scattered ;, 3
light sensor :

Projection lens

Flow cell

d>>A
Fraunhofer

—

d<<A
Rayleigh

ﬁ

Back scattered Light sensor




s diffracted Reflected Incident light

| . Small angle scattering

Absorbed

**Reflected o

’:’AbSOI’bEd Reradiated
Diffracted

Side- and backscattered light sensor Forward-diffracted and  [REEEEES

Collecting lens -scattered light sensor

1

\& Large angle scattering

Semiconductor laser

Figure 13: Scattering of light from small and large particles.

|
|
Collimator o A 1

Diffracted and " i )
Particles scattered light Diffraction and scattering image

large particle diffraction pattern

diffraction of laser light at a
spherical particle

small particle diffraction pattern



beam | Fourier
expander lens
laser
low angle
N detector
T
I _ flow cell
sample reservoir i i
P sensing zone high angle
> detectors

-

Figure 1. Schematic of the optical system for a typical laser diffraction spectrometer with a
liquid flow cell. For a dry powder system, the sample reservoir is replaced by a powder
loading module with an air flow handling system without a return loop.
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16

14

124
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q-

Dats Name Graph Type Transwittance(R) CV A
Sub-100am skin lotion [ —— 92 1(%) 216. - 0.89234

S.PArea
Mean Size
Variance
Median Size
Mode Size :
Cumudative % on Diameter :
Diameter on Cumulative % .

: 3.4507E +5(cn/c)

0.41213(pum)

- 7.9626E-1(um)

0.18935(um)

0.1845(um)
(10)0.100 (um}-  9.155(%)
(1)0.000 {%)- 0.0100{um)

: [10)100.0 (%}- 100.0000(m)



12 ,'\

10 = / Y,

0.24 0.58 1.15 227 4.47

PARTICLE SIZE
NUMBER DISTRIBUTION

MEAM = 0.38um
MEDIAMN = 0.30um
SA = 13467 cm?/em?®
STANDARD DEV = 0.40

—
-——_——h—

VOLUME

8.82 17.38 34.25

VOLUME DISTRIBUTION
MEAN = 12.65um
MEDIAN = 11.58um
SA = 13467 cm?/em?
STANDARD DEV = 8.29



A.PSA> | particle size distributon 1) Rz 1A AA T 75

a X a"Y98g> § Os(SN5468CF) 0.02g (0.5wW% relative to powder) B/
Dt g 49ml 1 2P §Pp
i)1k t (zerosetting t 1t  49ml) € X /1 |
i1k + g =1 Zero%setting 7 Oy

a 2k + (x+ p 1t 49ml)> & (Al,O,) 3.987 g=1ml (2 v%) B/
(Theoretical density of Al ,0; =3.987 g/lcm 3)
i) Ball -Milling for at least 0.5h
Sonication for 10 -20 min at a strong intensity ( % ‘A De-foamer l)
i)PSAl £+ 1t ow An{ Pxs ' ns  oy*

aefNsL, kg, xayomb 2k + 1mlig 1) | A (0.2v%)
hPSAt £+ t ow An{ X s ' s oy*

*e, 0 Md



- skip -
B.SEM> 4 [xn:

a 001vol%<L 4 gxep A AN S, 30 7

& . =N & (Micro -slide) ~ > f ot 1 uoy.
axWwp>AAS QA ,¥yXET H T )~ 1&+m b, P An' * N\ Oy*
a Aan' I YRwt wparAowg N T LEowbqy u o p Lo oy

aow i fu{ ~x. ' wp s oy@t 30)
anAn v LW e, | Pux, ¢ 5 o ~ " kooy

~
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Laser Particle Analysis _ ~

X § A w =
i T

B X (particle size) 7 .
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(2) + d (Solventy{| A

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

h 4 h 4
Liquid Formula Dielectric Surface Viscosity Boiling Flash
constant Tension (mPa.s) Point (°C) [ point (°C)
(mN/m)
Water  ___ [HO______|8 ____[73_____[10 ___ 100 _ _|Nore |}
Methanol CH,OH 33 23 0.6 65 18
Ethanol _____|CHOH_ ___ 24 ____[23 ___ |12 ____ 79 ____[8____| |
Ethylene glycol C,H;0O, 37 48 20 197 116
Glycerol C,H. 0O, 43 48 20 290
Methylethyleneke | C,H,O 18 25 0.4 80 2
tone

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

W E—+




B Sprinkle particles on of target dispersant. If the particles float on top and do not
penetrate the water surface, they are not wetted. This is usually a bad sign.

B If the particles break through surface and sink, they are a) wetted or b) so big that
gravity is more important than surface tension. If it is case a, you are in luck.




(3) M w 1 (Additives)

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

a § O (dispersant or deflocculant)
a _ 1 (binder)

a w1 1 (plasticizer)

a 1 71 (defoamer)

a 4 a (lubricant)



S O 1 : Dispersant

stable suspension

good

*

Flocculation(  k

flocculation

6‘8 bad

A. PH Dispersant : [H*][OH"]=10-14 B. Polymer Dispersant
for Aqueous System Only (short chain polymer with a functional
group; low to medium molecular weight
(1) Non -ionic
(2) lonic
Anionic
Cationic

Coagulation( [~ )
7))

)



Stabilization -4 Electro -static Stabilization

a) lonization of surface groups b)Dissolution of lonic solids

pH<7

I ! |
A
_ 7 PH
¢) lon Adsorption d) Isomorphic substitution
Clay
O] ——

AlJ —_ EA-

R

~
-
N

®
[enuslod eys/
2
\Y
j)
L

Origin of Surface Charge immersed in an electrolyte

" HHO| +& A
OH %m ]
8PaPa®
838
é M =7HpH _
HMHO| =
qdﬁ.ﬁ.

0000 o
see A

M/{—OH l

high pH

HHO| -2 CHA



Material Nominal Composition IEP
Muscovite KAl;Si,0,,-H,0 1
Quartz SiO, 2
Delta manganese oxide MnO, 2
Soda lime silica glass 1.00Na,0-0.58Ca0-3.70Si0, 2-3
Albite Na,O- Al,05-6Si0, 2
Orthoclase K,0-Al,O;-6Si0, 3-5
Silica (amorphous) Si0, 3-4
Zirconia Zr0, 4-5
Rutile TiO, 4-5
Tin Oxide SnO, 4-7
Apatite 10Ca0-6PO,-2H,0 4-6
Zircon Si0, - Zr0, 5-6
Anatase TiO, 6
Magnetite Fe, O, 6-7
Hematite aFe,0, 6-9
Goethite FeOOH 6-7
Gamma iron oxidc vFc,04 6-7
Kaolin (edges) Al,05-Si0,2H,0 6-7
Chromium oxide aCr,0; 6-7
Mullite 3Al1,05-28i0, 7-8
Gamma alumina vAlLL O, 7-9
Alpha alumina aAl,O, 9-9.5
Alumina (Bayer process) Al,O, 7-9.5
Zinc oxide Zn0O 9
Copper oxide CuO 9
Barium carbonate BaCO, 10-11
Yittria Y,0;, 11
Lanthanum oxide La,0; 10-12
Silver oxide Ag,0O 11-12
Magnesium Oxide MgO 12-13

Source: Temple C. Patton, Paint Flow and Pigment Dispersion, Wiley-Interscience, New York,
1979; E. G. Kelly and D. J. Spottiswood, Introduction to Mineral Processing, Wiley-Interscience,
New York, 1982; J. M. Cases, Silic. Ind., 36, 145 (1971); R. H. Toon. T. Salman, and G.
Donnay, J. Colloid Interface Sci., 70, 483 (1979).
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Repulsive Energy

Attractive Energy

Electrical
Repulsion

Net Interaction
Energy

Ener
Barrier

Energy Trap

Van der Waals
Attraction

Effectof &

0.5~

Pneq (KT units)
=3

0.5}

| | | | X

1.0 20 3.0 4.0 5.0 6.0 0 K0
d (nm)

Figure 12.8 Plot of @, versus d according to Eq. (83) for lat blocks. Curves
are drawn for different values of y, with constant values of x (10" m ")y and 4

‘(‘ZOX 102'N J). Units of ordinate: multiples of kT at 25°C for an interaction area of
.0 nm?2,

1.5

Effect of DL thickness

25O

kT (at

0.5

ad? ]

e 10

X-3x10'

s (nm)
Figure 12.9 Plot of @, versus s, the scparation of surfaces, for two spheres of

equal radius (100 nm). Curves are drawn for different values of x with constant
values of 4 (107" J) and y, (25.7 mV). (From Ref. 8, used with permission.)

(kT units)

® net

A=2 x 10%%)

Effect of
Hamaker Constant

L N ks L L
1.0 20 30 40 5.0 60
d (nm)

Figure 12.7 Plot of ®,,, versus d according to Eq. (83) for flat blocks. Curves
are drawn for different values of A»;; with constant values of x (10° m~') and y,
(103 mV). Units of ordinate: multiples of kT at 25°C for an interaction area of 4.0

nm?
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Stabilization - 4 Steric Stabilization

No surfactant -
ﬁ , agglomerated particles

o ! o ;o
O~ — \°€;:>°\ A
~ ~ \AL
o l o (L 9\1/%/ Optimum concentration —
. °’/ p”" 7=~ proper particle dispersion
| < R 1 AN
—0 —0 Y
p NI/ AN
I 2% 4%

Excess surfactant-

Non-polar hydrocarbon
@) Polar ionic dipole ° - : :
reagglomeration of particles
AN g9 p
AN

e .

pproc N NN

\o /"Z ___________ ) !:IJ

Head Tail

|
polar non—lpolar

(water soluble) (oil soluble)
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hydrophobic hydroptzilic = 0|g§ )ﬂc&qggm ) ( ‘:E) @ )

> € >

B Nonionic /\/\/\/\/O F———
M Anionic NN eI AH — (C—D0O)
M Cationic ANNAN) 2 AR

( +D )
m Zwitterionic o o5 L glol2 4 HenE S 0
(—D )

-
«

<L
. . Soap
- Salt of carboxylic acid —[ Others CHCH2CHe- CHCHi—] - 0803
(-COONa)
— Sulfate of higher alcohol
- Sulfate of higher alkyl ether
L Sulfated nil
- Salt of Ifuri t -
- ?ZSiLI‘fal:en)c aeer L Sulfated fatty acid ester b
(—OSOSNa) | Sulfated olefin (B(H(H———————(H(H- -f‘ﬁCH‘!
Anionic  _| - Others (85 ]
surfactant ~ Alkylbenzenesulfonate
- Aalkyvinaphthalenesulfonate .
Salt of sulfonic acid L Salt of sulfonated paraffin |
L 1 ] — v
(Sulfonate) | IGEPON T (HB(HR(H-———(H(H- -}W—CH:—
(-SO Na) . AEROSOL OT CHh
L Others
| caNetPhoEERGHE ester—[ Phosphate of higher alcohol
(Phosphate) Ohers CHCH(H—— CHRCH- | -O(CHRCHO
-OPO, Na, ] -O(CHCHORH
-0
-0 > PO Na,



Slurry Viscosity (Pa-sec)

0.20

0.15 1

0.10

0.05

0.00

-4

Measured at 55°C,
at the shear-rate of 100 sec

0.0

I 1 T LI

0.5 1.0 1.5 2.0 2.5 3.0
Dispersant Content (wt% to 100wt% Al203)

3.5



Flocculation/Coagulation
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(0p13

S§OA RA2A AA T4

(1) $§ OA :PH§ O IEP of Al ,O, = 9.1

a AlLO; Slurryr ¢ 6 0 . (Al,O5 powder 25 vol.% = DI Water 759 + 99.675 g of Al ,03)

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

a U, slurryn 50ml ™ 2 1 T= ~ , N1  PHE #Xn Viscometern = o AN s 0.
& ten 1 g slury Du HNOHL © ¢ 025wt v " PHE 4" 0AA =
a0 aqsluryts oAre” F0 2 1 T=> 4 pslury dul 05F 1.0,2.0 wi%

3 A0 " aled o.

~

—/ A1 $2ws+ TS Tutk , vsPH,pHvslog(! 1) Graphn | v 0.

a
2)§0A :“"sm 307380
Batch A (50 ml W=a ) Batch B (50 ml W= & )
DI water 10 g (10 ml) DI water 10 g (10 ml)

SN5468CF 0.24 g

AES11 39.87 g AES11 39.87 g
Solid content = 50 vol% Solid content = 50 vol%
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as0na{ _> blg «aX N 7 >
y §0na _> bl Viscosity-Shearrate ™ >, 2

a PHY SO> bAw

§O0nNw ASOL apgw £

»
w

QD
(053

0" axq s A:
Dispersion State of Slurry = Degree of De-flocculation

Viscosity = Slope of Shear Stress vs Shear Strain Rate

Q:
¢

O ax{ niflL

Determination of the degree of de-flocculation by Sedimentation

Determination of the viscosity by measuring Torque exerted by slurry



7 Binder

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

Soluble in water

f.;M CH,~ CH~CH,~
104 - T T T T OH N
- HL  C=0
- | !
E HL —CH,
B a4 Palyivinyl alcobeol) Palywinylpyrrolidene
E 1 CH—CH,— CH,
| |
= - — * C=C
[} A t‘ CH,
- ) OH o
r o i"nu
g 3= [
o 10 - j—‘ Palviacrylse acud) Polyimethylserylic acid
E - 5 -
~ - - ~CR~CH,~0—~ —CH,—CH,~NH—
> - -1 PR o .
- il Poly{ethylene givesi) and Palyethybenimine
'; E polylethylene oxide)
o - -
Q Soluble in organic solvents
- Vinyls
= Palyivieyl butyra CH=CH,~CH—-CH,—
- yivimy |
e 102 -l 0
~ - 4
@ - 7 CH
a - &l |
a B al CyH,
< L - Pabytvimyl forme CH—-CH,—CH=CH,
- D» O
i o “eHl
Acrylics CH,
1 4 1 4 L Poly(methyl methacrylate) C—CH,—
10 50 100 150 200 250 300 (\_
‘f
Mean Molecular Weight (1000 g/mol) o o




a w1 g:Plasticizer

= Organic substances with a lower molecular weight than the binder

= Funtion: softening the binder in the green state to increase the flexibility
of the green body (i.e. tape casting)

= Decrease of the glass transition temperature of the binder
by disrupting the chain alignment and reducing van der Waals bonding
between adjacent chains.

Melting Point Boiling Point MW
Plasticizer (°C) (°C) (g/mol)
Water 0 100 18
Ethylene glycol -13 197 62
Diethylene glycol -8 245 106
Triethylene glycol -7 288 150
Tetraethylene glycol -3 327 194
Polyethylene glycol -10 >330 300
Glycerol 18 290 92
Dibutyl phthalate 340 278

Dimethyl phthalate 1 284 194




)dw gt L A

*) 125ml bottle + half Al ,0; balls + 30 ml slurry

Batch A

Batch B*

Batch C*

DI water 15 g (15 ml)

DI water 15 g (15 ml)

Dl water 12.99 g

SN5468CF 0.36 ¢

SN5468CF 0.36 g (0.6%)

SN BD-20 2.52g (0.844%)

PEG 400 0.252 g (0.422%)

AES1159.80 g

AES1159.80 g

AES1159.80 g

Slurry = 30 ml

Solid content = 50 vol%

g

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%
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Particle Size, Its Distribution, Particle Shape,

Solid Loading, Degree of De-flocculation, Amount and/or Sort of Organic Additives
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2-2. Powder for Press

-forming & Sintering Rn4A AA 13 (n3Tap M)

S0Oqdo’ g 100mlof 30 evol.% slurry $ 0 ® 2°Q g4 z "

M,,(Al,O;) = 101.960g/mol, Density = 3.987g/cm 3
Powder Weight = Vi * fvol.po\,\,der * njoo‘,vder = 1,196.1g

Solvent (DI Water) = 700mI*nigene = (700 F X iners(F47.84)) = 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 X,y = 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 hina jar (Vjgr = Vgurry *2*2 ml=4,000 ml) w 10mm g
Al,O5 or ZrO,, balls

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

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.

Load = Pressure* Area
Ex)Load = 75 MPa * a(D=20mm/ 2)2 = 7.5*10% N * 1002 * 10® m2 / 9.8N
= 0.75a * 1000 Kgf = 2.36 ton

2

2

. 5h



(1) (Balt) Milling

Polycrystalline
primary particle

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

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



feed material

ction

dust colle

grinding balls
finished product

feed material =

adjustable
discharge slots







(2) Spray Drying

Suspension/ Compressed air intake

Gas Flow Rate

Tlrmlk_ztt Aspirator

ttett

ou

Hot drying chamber

/ Cyclone collector
XX

Coarse powder collector

Fine powder collector



e

/, . \
¢ s ’
YAV A
v \ ,"\"o
7 s vitny!
:)l',
'
MY n"
\W
' n
.‘( -
\ /
' ‘ //
1
7 | \_..{ 5 / /
\ JI | \ (}
1
1
1
1
1
1
1
1

a) Co-current b) Counter-current c) Mixed flow

______________________________



. 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 qgqgxcb $ gnZoCmng a j ep_l:

)

y ,'.r“. 0, % ’

xlEo —_Bena cakyY Soa@um

Spherical SiC granules obtained by spray drying



Stainless steel granules obtained by spray drying (

15.0kV 11.9mm x50




JACC 5.00kV 6.7mm x100 JACC 5.00kV 7.5mm x100
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(e) solid content, (f) dispersion state, (g) diameter of balls
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height, H

single action
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fractional
density

fractional
density
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wt% lubricant
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(CIP

COLD ISOSTATIC PRESS |

MODEL : KCIP-120/360
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(Slip Casting -
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(Slip Casting) Ro5A AA T5

246.00 g

M,,(Al,O;) = 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 & ZrO, balls
Add de -foamer (BYK-018) 0.062 g (0.025w%) & BM for 1h further

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

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 35°C for several hours
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Appendix



A Porosimetry

A-1 Mercury Porosimetry

e BN
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Mercury Intrusion Porosimetry
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Cumulative Intrusion (mL/g)

—— Intrusion for Cycle 1

Cumulative Intrusion vs Pressure

—O— Extrusion for Cycle 1

—+—_Intrusion for Cycle 1

Cumulative Intrusion vs Pore size
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Sample ID

[M] micromeritics®

MICROMERITICS INSTRUMENT CORPORATION
MicroActive AutoPore V 9600 2.03.00

MicroActive AutoPore V 9600 Version
2.03.00

Serial # 385 Port 3/2

: (1) 4-2% spray dried IV 1350% 1AI7H2nd) <45um

Operator:
Submitter:
: C:WMicroActive AutoPore V 9600WdataWpr.. W2022-102.SMP

File

LP Analysis Time:
HP Analysis Time:
Report Time:
Report Range: 0.1

Adv. Contact Angle:
Rec. Contact Angle:

2022-03-03 2% 2:23:18
2022-03-03 2= 3:51:08
2022-03-03 2% 3:51:10

130.000 °

130.000°

Penetrometer 1D: 08-0891 5 Bulb, 0.392 Stem,
Powder

0 to 61,000.00 psia

Volume:

Penetrometer Mass: 64.9920 g

Median pore diameter (volume) at 28.60 psia and 0.182 mL/g:
Median pore diameter (area) at 75.08 psia and 0.205 m?g:

Summary Report

Intrusion Data Summary

Total intrusion volume at 59,976.39 psia: 0.3640 mL/g
Total pore area at 59,976.39 psia: 0.411 m?/g

6,322.85 nm

2,409.03 nm

Average pore diameter (4V/A): 3,542.74 nm

Apparent (skeletal) density at 59,976.39 psia:

Bulk density at 0.51 psia: 1.3188 g/mL
2.5363 g/mL

Porosity: 48.0021 %

Page 1 of 11

Sample Mass: 0.2665 g
Stem Volume Used: 26 %
Show Neg. Int: No
Correction Type: None
Mercury Temperature: 24.73 °C
Assembly Mass: 131.2956 g
Penetrometer 5.0816 mL

ONeeds

?77?

Correct



—+— Intrusion for Cycle 1

Cumulative Intrusion vs Pressure

—©— Extrusion for Cycle 1
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A-2 Gas Picnometry
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