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http://www.google.co.th/imgres?imgurl=http://www.carpet-tile.org/wp-content/uploads/2011/02/Tile-Ceramic1.jpg&imgrefurl=http://www.carpet-tile.org/category/tile-ceramic/&usg=__n-RwNbCxS1dX9E6X4p5Ev1BRoIs=&h=432&w=432&sz=50&hl=th&start=6&zoom=1&tbnid=JQiYxt227uePnM:&tbnh=126&tbnw=126&ei=vDAATti6GMiIrAfYtp2TDQ&prev=/search?q=ceramic&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
http://www.google.co.th/imgres?imgurl=http://www.omiru.com/wp-content/uploads/2008/05/ceramic-tapered-vase_050508.jpg&imgrefurl=http://www.omiru.com/index.php/2008/05/05/ceramic-textured-vases/&usg=__WZxFgHDr49cBc8UFVswlg5rLwPg=&h=370&w=455&sz=29&hl=th&start=11&zoom=1&tbnid=tZnvnUxfHlcJDM:&tbnh=104&tbnw=128&ei=vDAATti6GMiIrAfYtp2TDQ&prev=/search?q=ceramic&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
http://www.google.co.th/imgres?imgurl=http://www.digsdigs.com/photos/modern-ceramic-lamps-by-mamati-1-554x707.jpg&imgrefurl=http://www.digsdigs.com/modern-ceramic-lamps-by-mamati/&usg=__xH2b9h4-lKK7oGeATS_PkKwJQq0=&h=707&w=554&sz=36&hl=th&start=38&zoom=1&tbnid=y7uUNXO8-8LW8M:&tbnh=140&tbnw=110&ei=3zAATpjkH83rrQfGlsmIDQ&prev=/search?q=ceramic&start=20&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
http://www.google.co.th/imgres?imgurl=http://www.h4x3d.com/feat/themes/glass.jpg&imgrefurl=http://learners.in.th/blog/hw-6631/277144&usg=___ET2pla7Xa7fdJ9UuCDyTe7kaNY=&h=533&w=400&sz=41&hl=th&start=3&zoom=1&tbnid=KZWAMtjaz1W_KM:&tbnh=132&tbnw=99&ei=9TAAToSCMc2trAfnhcGuDQ&prev=/search?q=glass&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
http://www.google.co.th/imgres?imgurl=http://1.bp.blogspot.com/_lpoRCgh9Zko/TJhATDYiuLI/AAAAAAAACxQ/_GzFJWyjzf4/s1600/Clear+float+glass.jpg&imgrefurl=http://www.nattawitkanchang.com/2010/09/float-glass.html&usg=__P-AglbvOteQIj1k05bRHn4pRtP0=&h=429&w=584&sz=15&hl=th&start=13&zoom=1&tbnid=stt4lyqdkKdxdM:&tbnh=99&tbnw=135&ei=9TAAToSCMc2trAfnhcGuDQ&prev=/search?q=glass&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
http://www.google.co.th/imgres?imgurl=http://upload.ecvv.com/upload/Product/20093/China_Glass_Ceramic_Cooking_Pot200933110202210.jpg&imgrefurl=http://www.ecvv.com/product/1814249.html&usg=__LhHSJ2SDVRqYdmj-KjP-CQ1UiUI=&h=563&w=750&sz=53&hl=th&start=1&zoom=1&tbnid=824q41UkXALRqM:&tbnh=106&tbnw=141&ei=FzEAToKPBYnkrAf959GHDQ&prev=/search?q=glass+ceramic&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
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(Ceramic Structure)
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agmauludanuslingndamtlernulagiuseiall Wiusy
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ddulugiidunuszlasatin luuansaldulaiiaugne

NuUsElane
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TENINNeEMaNYeY pgililluuuareandiay, CaF,, MgO,
KNaCL, Si0,, Si;N,, ZnS, SiC /
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CERAMIC BONDING
 Bonding:

--Mostly ionic, some covalent.

= Aa R 1
--%ll’é)ﬁ)’é)l!ﬂ FNUUHATY ATULRANE N

1T a g dacgj
%@Qﬂ’]@mﬂiﬁﬂuﬂgﬁjﬁ

e Large vs small ionic bond character:

I#% n
H CaF 2: large He
2.1 LR 1A 1a, A 'lu'ln!x nn
i . & : B
Hlliee SiC: small s (7 | v | Ne
1.0 | 1.5 ) al 2o | as
Na | Mg i il Sl Y ol A
0.9 | 1.2 | yi L = B e | 13 st | 25 | 3.0
| : ] FE] F : el i iia a4
K e Ti N Cr un | Fe i Ni By Zn | o = | As | Br | Kr
0.8 - 18] . |16 | - |18 | 2|18 ]| o |18 | | s |20 :. |28
NGRS HE RS-
0.8 1.0 L= 1 L. e (] 2.2 o2 A L 7 e LE = 2.1 2.5
>. E=-TH o ] 14 75 B o i - & El Ba &3 =1 Al >,
Cs Ba L=l =i s W Ao 5 I Ft =11} H§ i Fo Hi Fo At Rn
0.7 | 0.9 |ra-rz| 313 | L= | o1s | 22 | o2 2x | 24 | 1 | 12 | e | 13 | za | 2.2
- R“"a Bl
w0 ° epg e
09 |15 Table of Electronegativities




INJINI'C DVUINUIING X Q1 oo | Uil

e Charge Neutrality:
--Net charge in the

2+
~ structure should CaF2: 'g:tion-l-
be zero.

IFER LTl

F-
Anions
Uszgau

F-

—General form: A, X
LR

m, p determined by charge neutrality

e Stable structures:
--maximize the # of nearest oppositely charged neighbors.

unstable stable stable



COORDINATION # AND IONIC RADII

F'cation

Fanion

e Coordination # increases with

Issue: How many anions can you
arrange around a cation?

ZnS

r L3
cation
Coord # (zincblende)

r

anion
<.155 2 (Tetrahedral position)
(sodium chloride)
.225-414 4 N
(Octahedral position)
414-.732 6

CsCl
(cesium chloride)

.732-1.0 8



http://www.google.co.th/imgres?imgurl=http://www.ndt-ed.org/EducationResources/CommunityCollege/Materials/Graphics/SilicateCeramic.jpg&imgrefurl=http://www.ndt-ed.org/EducationResources/CommunityCollege/Materials/Structure/ceramic_prop.htm&usg=__AsVXwSHW1Zhj4jeyN-r2fs5BvdI=&h=203&w=192&sz=38&hl=th&start=7&zoom=1&tbnid=fCyk5H07UG_0nM:&tbnh=105&tbnw=99&ei=_jEATtXwGYXKrAfivoysDQ&prev=/search?q=ceramic+structure&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1

EX:  PREDICTING STRUCTURE OF FeO

 On the basis of ionic radii, what crystal structure
would you predict for FeO? FeO iilassadauunla

Cation lonic radius (nm) e Answer:
3+
Al . 0.053 o 0.077
Fe 0.077 = 0.140
Fe3+ 0.069 fanion
Ca2+ 0.100 =0.550
based on this ratio,
. --coord#=6
Anion --structure = NaCl
02- 0.140
CI- 0.181

F- 0.133



A, STRUCTURES

r-cation _ 0100 ~ O 8

0133

e Consider CaF2:

anion

e Based on this ratio, coord # = 8 and structure = CsCl.
e Result: CsCl structure w/only half the cation sites
occupied.

 Only half the cation sites

are occupied since
#Ca?*ions =1/2 # F-ions.



http://www.google.co.th/imgres?imgurl=http://4.bp.blogspot.com/_iPoHumIg8Cg/Sz8w9yWXlmI/AAAAAAAAAUk/Vog298x7KpU/s320/diamond-conventional-unit-cell.gif&imgrefurl=http://www.allinoneinfo.co.cc/2010/03/structure-and-properties-of-ceramics.html&usg=__-2LJxXAi4y7rLlliiw48ph-_it4=&h=285&w=300&sz=40&hl=th&start=6&zoom=1&tbnid=_DymErbBbGOBjM:&tbnh=110&tbnw=116&ei=_jEATtXwGYXKrAfivoysDQ&prev=/search?q=ceramic+structure&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
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7

uie (Hard)

Y

ATUNTUAIINENNTD (Wear-resistant)

U312 (Brittle)

nulw (Refractory)

AUIUANNUSOU (Thermal insulators)

a1 Ul (Electrical insulators)

Lifimauandusiindn (Nonmagnetic)

\
7

\,
7

nurpUNNIY108nYATU (Oxidation resistant)

Linusion1siasunlatgamgiiog1953ni3a (Prone to thermal shock)

\
7

\

I\

1AUAIINIUAL (Chemically stable)
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Ceramic materials

Glasses Clay products Refractories Abrasives Cements  Advanced
ceramics
Glasses Glass- Structural Whitewares Fireclay Silica Basic  Special

ceramics  clay products



Sand

(Si0,)

Concrete products

i)

Single crystal

i
—_—

—

Mold

900-1200 C

Fire

Bricks

==

SiC abrasive
(grinding wheel)

Tungsten ff wC

powder (W)

N

:i
i
i\@
J

Carburize powder powder

Tool

Compact

Flrc

@_.

0

Carbon graphite

Fire

Mq

Form

Y

Ceramic from
sol-gel

12



1.  unauaznanaysidin

(Glass and Glass-ceramics)

-

e

Fanlunquilgnilulgvalulunisvivussadam, nszanvdieng, waud, T
wasnand 1usu

~

J

wMlAseas1amuy noncrystalline (Lifingn) viaiseninluianedugiu
(Amorphous materials) ¥as@atnaLazoanlenau 817w Cao, Na O,
KO, hae AL203

J

wnlgiumluidunAalanlad (soda-lime glass) #aUsgnausie
druUszneundnae Sio, Useanas 70% Lagdwtin, Na,O (Soda), uag
CaO (Lime)

J
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1

BILADDY dril sznou (wid) AmAaTANAz sl
ui S0, Na0O Ca0 A0, BO. oY

Fused silica  »89.5 IAMBRUARIG, FU LTI TSI
dlasrnemusaudngtn  (audans
Lﬂﬁﬂuqmﬁﬂﬁaﬂ'wﬂﬂﬁa}

96%  Silica 95 4 wu&iaﬂ’mﬂﬁﬂuqmﬁqiuaxﬁﬂﬂqxwﬂa

(Wysor wTaHesIRE — mrusludaanaans

Borosilicate g1 3.5 2.5 13 uransulE £ AT AR SHATIZNN

(Py e wiladaTiass - Aol lwenay
ETHT

Containiner 74 16 a 1 L Ts (] Elqﬂv.aﬂmmmﬁ"l FIUHTL

(Soda-lime)

Fiberglass 55 16 15 10 a0 Fiulhedule e

Optical flint 54 1 3TPDO,  AwwwMnEs  Aainsmeiaussag

8K,0  — LAuAEIEN

Glass — 435 14 a0 55  B.ATIO,  HEAled WU YIUAENTS

Geramic 0.6.45,0, Lﬂﬁmuﬂmqmﬁﬂﬁaﬂwﬂﬂﬁa -~

(Pyroceranm mansldluenauaTas

1 Callister, W 0 [2003]
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o uMBHUNIY (norganic glass) @IUUINAINITOVINLALAA
AsiUAsuLUaan noncrystalline Wu  crystallinela
Tneafanssuisnsansouiimuiyan 138NIINTT
Wasuan i ndunan(Devitrification) Tassadns
YpaufTiiun ST SR idnwandunansan
(Polycrystalline) fisinsuaziden duinaziSenufviail
11 nanaws1in (Glass-ceramics)
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®NANFLYINUN LnuauiRvengfiInNANTaULDY U

don1UAsULUAUNNIRE19TIALTY  HAINLTIRTIGS
T anivgasiynnNIsAMaIeTD 919U Proceram,
Coningware, Cercor wag Vision d@ulugyaziluviniu

6) &/

AVULTNUAINTOUGS (Ovenware) UazN1TULA99 LY

Vulfza1uns  (Tableware)  wanannddsinlulgdu
AUl (Electrical  insulators)  wag  FUALASH
(Substrates) TuwNg935 (Printed circuit boards)



http://www.google.co.th/imgres?imgurl=http://www.sewanee.edu/chem/chem&art/Detail_Pages/Projects_2002/Lynk/images/image6.jpg&imgrefurl=http://www.sewanee.edu/chem/chem&art/Detail_Pages/Projects_2002/Lynk/Lynk.htm&usg=__rHTODr-9O_9cKQgHZ2JDgYo_QaE=&h=300&w=600&sz=28&hl=th&start=2&zoom=1&tbnid=OvqAKPHTjXjHeM:&tbnh=68&tbnw=135&ei=jDQATuvdF8TprQeEvpiyDQ&prev=/search?q=devitrification&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
http://www.google.co.th/imgres?imgurl=http://www.gemmologie.be/images/IMAGES GEMS/GCGLASS12.jpg&imgrefurl=http://www.gemmologie.be/GEMMOEN/photosynth_en.htm&usg=__mEja0Rb5luBFHoUIGBY1d1vps44=&h=703&w=1008&sz=56&hl=th&start=22&zoom=1&tbnid=yGh-39IAecMcdM:&tbnh=105&tbnw=150&ei=wTQATp2YFYrOrQfVs8SaDQ&prev=/search?q=devitrification&start=20&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
http://www.google.co.th/imgres?imgurl=http://frantznewsletter.com/Blog/wp-content/uploads/2010/06/591267-b1.jpg&imgrefurl=http://frantznewsletter.com/?p=1494&usg=__-4qZUH7PIJBiAXgmqqO4uY-T5_Y=&h=400&w=400&sz=87&hl=th&start=32&zoom=1&tbnid=kzL8v5cgUFyp8M:&tbnh=124&tbnw=124&ei=wTQATp2YFYrOrQfVs8SaDQ&prev=/search?q=devitrification&start=20&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
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http://www.google.co.th/imgres?imgurl=http://www.appliancist.com/viking-ceramic-cooktop.jpg&imgrefurl=http://www.appliancist.com/cooktops/viking-designer-cooktop-glass-ceramic.html&usg=__FBJNSJk-r7qIR-opMN15-IZf-lc=&h=356&w=400&sz=23&hl=th&start=4&zoom=1&tbnid=xUocOCKC68kROM:&tbnh=110&tbnw=124&ei=ZDMATsX9MITtrQel6ISZDQ&prev=/search?q=glass+ceramic&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
http://www.google.co.th/imgres?imgurl=http://www.trendir.com/archives/kuppersbusch-electric-cooktops-honeycomb.jpg&imgrefurl=http://www.trendir.com/archives/cat_appliances.html?start=20&usg=__fcxVH0-0pZuECHInZji1xnh2qcs=&h=357&w=426&sz=29&hl=th&start=6&zoom=1&tbnid=2XvaKfo6r3VXHM:&tbnh=106&tbnw=126&ei=ZDMATsX9MITtrQel6ISZDQ&prev=/search?q=glass+ceramic&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
http://www.google.co.th/imgres?imgurl=http://www.hkgroup.net/pcat-gifs/products-small/glass-ceramic-industries.jpg&imgrefurl=http://www.hkgroup.net/glass_ceramic_industrial_chemicals.html&usg=__NT5B2b2J69m-23V5ug-9TEfZiwg=&h=200&w=200&sz=20&hl=th&start=22&zoom=1&tbnid=Q8-wuYdYcK8FgM:&tbnh=104&tbnw=104&ei=iDMATojOLMjSrQf7u_mADQ&prev=/search?q=glass+ceramic&start=20&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
http://www.google.co.th/imgres?imgurl=http://image.made-in-china.com/2f0j00QBSaTVMdhhbD/Glass-Ceramic-Heating-Board.jpg&imgrefurl=http://huilong2008.en.made-in-china.com/product/xoSJniMdHHVu/China-Glass-Ceramic-Heating-Board.html&usg=__DMmbaT-YC78EKc6ki3BU8QMlsSU=&h=354&w=520&sz=33&hl=th&start=99&zoom=1&tbnid=y2BEhJjVNmYgVM:&tbnh=89&tbnw=131&ei=wjMATuTbN8rlrAeTu_WxDQ&prev=/search?q=glass+ceramic&start=80&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
http://www.google.co.th/imgres?imgurl=http://imgusr.tradekey.com/images/uploadedimages/offers/4/1/glass-ceramic-cookware-maanshan-ridery-ceramic-new-material-technology-co-ltd_B1037312-20090330015741.jpg&imgrefurl=http://www.tradekey.com/selloffer_view/id/1111476.htm&usg=__C0HNuQUVxh65ypIq8NamoPrNxeU=&h=136&w=200&sz=6&hl=th&start=276&zoom=0&tbnid=unjl_0gWG4QNFM:&tbnh=71&tbnw=104&ei=IzQAToutG4POrQetuIyHDQ&prev=/search?q=glass+ceramic&start=260&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
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Ca0, MgO %38 BaO aztieluni1susy vilvuinsdusuiiodua
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Fngaulunisrasuwn? (so)

4 )

PbO uMnsingnulussauszneu (Lead glass) Wakiilanufiosainian

v =

mﬁuuﬁﬂmqqﬁmméau (soft) LuugInszA1e Suaen1sIeszly a1zl

EENGSpR
\ %
4 )
Fe, 0, YreUsendnamdsluvasvasy unszvilvillensyanta daeeuld
NN
\. S
4 )

sonlad Bun mndeen1sliui Wianszaniiddusngg aunsafinans
yanutloandrunaudIFuing I wdY 017wy ATe391n Chromium
oxide (Cr,0,), ?ﬁj’]fﬁumﬂ Cobalt oxide (CoQ), @wandann Urenium
\_(U), A1m1aa1n Nickle (Ni), @190 Carbon-Sulfur-lron (C-S-Fe),

LAEEvHNIIN Manganese (Mn) 20



Fabrication and Processing of Ceramics

Ceramic fabrication techniques

Glass forming Particulate forming Cementation
processes processes
Pressing Blowing Drawing  Fiber Powder Hydroplastic Slip Tape
forming pressing forming casting casting
I I |
I I I
| | |
I I I
| | | |
Hot  Uniaxial Isostatic: : :
1 1 | | |
I I I I I
I I I I I
L 1 1 1 )
I
I
Drying
|
I
Firing

Ficure 13.4 A classification scheme for the ceramic-forming techniques
discussed in this chapter.
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Liquid tin
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A process of continuous drawing of

sheet ¢glass

Forming roll
Glass sheet Turning roll / Water-cooled shield
) \
( \
é@) © © 0O ©
C
/
——
Burner ——— Molten glass
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ASHENYINUNINILTS Press-and-blow technique

Gob
Parison

77

( mold

L

Suspende

/ parison

d

Pressing operation —{

i

ST

/"\<:>
N

K<
N N
77 N

Compressed air

Finishing NN
mold
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° Annealing 1 Julvirufauduuiitgamnl  annealing

ooint wagUasgliuAndumiastng iean thermal stress 7

ARIINNISWUITURN QUM e

° Tempering Aa N138ULMITNIANUToUgIaWIALEURIBENS
o057 laenisidiennid wseld ol bath vinliiwAiiAl13
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http://www.google.co.th/imgres?imgurl=http://learners.in.th/file/2553-63-30/glass2.jpg&imgrefurl=http://learners.in.th/blog/hw-2553-63-30/374843?page=1&usg=__VUQIR3C4CGUbUswJeExgclozQOo=&h=533&w=400&sz=22&hl=th&start=1&zoom=1&tbnid=spTdtUFp6cvGgM:&tbnh=132&tbnw=99&ei=VDYATqjqOorPrQflqIX6DA&prev=/search?q=glass&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
http://www.google.co.th/imgres?imgurl=http://homedesign.homedd4u.com/wp-content/uploads/2009/05/glass-shelf.jpg&imgrefurl=http://homedesign.homedd4u.com/2009/05/%E0%B8%A7%E0%B8%B5%E0%B8%94%E0%B8%B5%E0%B9%82%E0%B8%AD%E0%B8%A7%E0%B8%B4%E0%B8%98%E0%B8%B5%E0%B8%97%E0%B8%B3%E0%B8%8A%E0%B8%B1%E0%B9%89%E0%B8%99%E0%B8%A7%E0%B8%B2%E0%B8%87%E0%B8%94%E0%B9%89%E0%B8%A7/glass-shelf/&usg=__6xf8DDkGh7SDs2VDpCKSnmBCBRs=&h=335&w=500&sz=17&hl=th&start=6&zoom=1&tbnid=0gSyN9HSMzKD0M:&tbnh=87&tbnw=130&ei=VDYATqjqOorPrQflqIX6DA&prev=/search?q=glass&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
http://www.google.co.th/imgres?imgurl=http://www.shendapack.com/wp-content/uploads/2011/05/glass-door.jpg&imgrefurl=http://www.shendapack.com/2011/05/27/glass-door/&usg=__jhhH0r-deABSmNll07tufUjLuy0=&h=560&w=400&sz=23&hl=th&start=23&zoom=1&tbnid=QEJJqMJ2ieJDfM:&tbnh=133&tbnw=95&ei=jDYATu3LMYfTrQe9672kDQ&prev=/search?q=glass&start=20&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
http://www.google.co.th/imgres?imgurl=http://mattovermatter.com/wp-content/uploads/2011/06/liquid-glass.jpg&imgrefurl=http://mattovermatter.com/2011/06/18/liquid-glass-the-spray-on-scientific-revelation/&usg=__4VKJWLJ_4o2tIZhmEMRsejr2vPY=&h=1000&w=1000&sz=192&hl=th&start=105&zoom=1&tbnid=EFsmfHn1Qf4PLM:&tbnh=149&tbnw=149&ei=szYATtv-CsKxrAeRzOSXDQ&prev=/search?q=glass&start=100&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
http://www.google.co.th/imgres?imgurl=http://www.marvelbuilding.com/wp-content/uploads/2010/03/glass-house-interior.jpg&imgrefurl=http://www.marvelbuilding.com/glass-house.html/glass-house-interior&usg=__Rvn1601ZhCD1AYE2FgEcJoKYHYo=&h=351&w=450&sz=109&hl=th&start=169&zoom=1&tbnid=oEL6s2f0INAc1M:&tbnh=99&tbnw=127&ei=0DYATpK9DYezrAe954j9DA&prev=/search?q=glass&start=160&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1

2 nannuganndu (Clay Products)
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® JnnaudnsU Clay Product
° AU (Kaolin, China Clay)
° fiulntle (Ball Clay)
° #uilui %39 wagauls (Feldspar)
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r

N5PuUMeile (Hand Modeling)

N5PugUMendunyu (Wheel Throwing)

N5UU3UAIEITAININBIHALIDA] Uiggering & Jollying)

N15PusUMeIanaaiau (Slip Casting)

N5UUgUAIEITIRNAUULET (Plastic pressing)

N5PUSUMIETTIARUmTtyINTILUULane (Extruding)

Q

N15VUSUNILITINAUEY (Semi-dry Forming)

q
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Slip poured
Into mold Water absorbed
Finished
piece
(a)
Slip poured
into mold Draining mold Top trimmed .
Finished
\ / piece
€
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http://www.google.co.th/imgres?imgurl=http://guru.sanook.com/picfront/sub/resize_1234b21p166b.jpg&imgrefurl=http://guru.sanook.com/search/%E0%B8%81%E0%B8%A5%E0%B8%B8%E0%B9%88%E0%B8%A1%E0%B9%80%E0%B8%99%E0%B8%B7%E0%B9%89%E0%B8%AD%E0%B8%AB%E0%B8%A2%E0%B8%B2%E0%B8%9A&usg=__mppGpZRNhOjrCJkbZXrIxoQOobE=&h=161&w=203&sz=7&hl=th&start=22&zoom=1&tbnid=DFG0oUm2wl0yGM:&tbnh=83&tbnw=105&ei=-zcAToLbOsLhrAeOkLmjDQ&prev=/search?q=%E0%B8%82%E0%B8%B6%E0%B9%89%E0%B8%99%E0%B8%A3%E0%B8%B9%E0%B8%9B%E0%B8%94%E0%B9%89%E0%B8%A7%E0%B8%A2%E0%B8%A1%E0%B8%B7%E0%B8%AD&start=20&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
http://www.google.co.th/imgres?imgurl=http://2.imimg.com/data2/VD/HX/MY-/hydraulic-ceramic-press-250x250.jpg&imgrefurl=http://www.inetgiant.com/Tags/Ceramic-Press/1&usg=__KwY_t8DGFtIkmSyBXfti67YT4wc=&h=250&w=250&sz=14&hl=th&start=24&zoom=1&tbnid=tJq6dchdj3VIxM:&tbnh=111&tbnw=111&ei=iTgATsGkB8S4rAe_p5GEDQ&prev=/search?q=pressing+ceramic&start=20&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
http://www.google.co.th/imgres?imgurl=http://www.safewatertoday.org/images/A-filter-press.png&imgrefurl=http://www.safewatertoday.org/ceramic_pot_filters.html&usg=__Iz3Cy5nE8nJ4OfW6oyEhXUFw2b8=&h=427&w=320&sz=90&hl=th&start=60&zoom=1&tbnid=d5w7nG5cfFNfDM:&tbnh=126&tbnw=94&ei=oTgAToaBOsaHrAfK04SFDQ&prev=/search?q=pressing+ceramic&start=40&um=1&hl=th&sa=N&tbm=isch&um=1&itbs=1
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(W)

Jagnulnuuslavangussiammuaiulsenay
vian Insazsikuadu 4 naulaun

(Y V

. Jaanulwatialwsiaad (Fireclay refractories)

PRO)

%

4 WuUaHanI (Silica refractories)

aJe

PO
=
=

%

u,ﬂ/\lﬁugm (Basic refractories)

3

aJe

PO
=

. Jaanulvlytiafivey (Special refractories)
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b b

Type Composition (%) Apparent
AL, S50, Myo Cr0.  Fe,, a3l TiD,  Total Forosity

(%)
Fire clay 29-45  70-50 01 0-1 0-1 1-2 10-245
High-alurmina fire clay  80-a0  10-45  0-1 0-1 0-1 1-4 18-24
silica 0.2 H6.3 0.6 2.2 949.3 29
Fericlase 1 3 a0 0.3 3 2.4 99.8 22

"F"JIHJ’I: Kingery, Bowen and Uhlmann (1976) pp. 242,
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AIUNTY (Por05|ty) L‘Uuﬂmammawﬂmmmaqmmﬂumimamawﬂw
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" Gravel - Smd Clay

well sorted, high porosity poorly sorted, low porosity

9|
50

Cemented Sandstone Clay
ow porosty high porosity

], e
Limastone Shale
low porosity low porosity
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1%

WwiuTaglunquilae

. AULD
e NSNUADNITANNITE
e ANUNUNIU (Toughness)
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AnauURveTanlunquilae Wenauiuliazaunsavinlreglugunss

q

- =0

NHDINT LLaz%mgU%mﬁawﬁaéh

uywdluadslusalaaunuindeleiuurinuId U SEUIUNI TN
Tmne (Calcination) AsnauaaaJunaIun izt e k"

o 5 A vy = v a A & & % < 1
Uuwantnshigranamils aglonandanudadunaudugusiany
MDINTT

AaauURTelvewuRtiUselaniiunn Wasanvilraunsedugdle
AouynjusuuluszeziatfeudeInd Yudwuaninisldunian
louA YudwudvtinUasauaun ANULTweIYulasakaunlau1ain

N15YUATEINULN
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1. Calcareous Materials laLn ﬁugu (Limestone) Lay
AUADNDY (Chalk)

I aa o=\

2. Argillaceous Materials taln &8N agiiun Feeglugy
YDIAUAMTOAULULET (Clay) tazAuA1U (Shale)

3. Iron Oxide Materials lawn wsian (ron Ore) %58
Aaas (Laterite)
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[
A1ulAs9a519 (Structural) 877wu bulewwsiain (Bioceramics),

LATDIUDAR, LATTUAIULATDIINTNA

\_
" gulnTin (Electrical) 917w ﬁuﬁuﬂsz@, AU, YUALNTH
(Substrates), 1od, Indladiannsn (Piezoelectrics), WlVAN Way

F11182n849 (Superconductors)

N

Y

d15maaU (Coating) wiuldnamduTud1upsasdinsna, 1AS09ilodn,
PR UTUAILlUgRAINTTUNTNSURFLN

N

\_
[ (]

auAlinazaanInasy (Chemical and Environmental) 817w
WUN$99 (Filter), L8 (Membrane), ft3aUfjAisen (Catalysts)
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Call 508.791.9549




