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'J/ 1 I 'JI I 
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Abstract 

Main Problem to powderise fired ceramics for recycling is due to its strengthness. Aim of the study is 

to overcome such difficulty. Here, alumina ceramics, \\'hich is used as testing material, was quenched from 

200°C to room temperature. The sample was then, ground in ball mill by varying sample: grinding media ratios 

and grinding time. 

The results show that strengthness of alumina samples decreases by a factor of two. In additions, 

particle size and its distribution are more sensitive to grinding time than sample: grinding media ratio. Long 

grinding time has more effect on reducing particle size than increase grinding media and also give different 

particle size distribution . 
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'U 'YI'Y1 1 

'Umb 

1bl'~tC)f':i1lJfl~~hufll'Hml!~1 (Fired Ceramic) ~n~lt1il~'Uhibl'1 lJl':itl'W 1 hn~lh~ lv'lfu• 
I " I . I 

1~tJ'Ut~ 'U'UCJ.:JtifvVitn~~'U1'UCJ\P1{l'1t1m':i'JJVin1~~ 1~~CJ'U~1.:JV1fl 1~v1111Ul!~1 f11':in1~~'UCJ.:JtiffJ. 
U':i~U1'Y1rl'1Jfl~~t111Ut1'JJ~ t'YI':i1~t~'U11lfl1':i~{l'~~1fltt~~U':i~t1{f~~{l'~ CJV1.:J 1':in\P11'JJnt~'Ulll~ 

q 

v I V , 

I'i'CJ.:J 1~Vi'UVi1'Uf11':in1~~lJlfl Vfll1.:J{f.:Jt~'Uf11':i{l'tutiffJ'YIf'YItJ1f1'j 1ul~mu~lu':i~ lv'lfuVfl~1fJ V.:J 1 U 
'" u 

V V. VI 

fl';htJ'U fl n t11'UCJ.:JtifVtt1 ri1ij 1 ut1'JJViiJ~m ~ ~~ flCJ l11'tn~1Jtyt11~1'U iY.:Jl! 1~ ~mJl9iCJVi'U ~'U1'U u~nUl 

" ~.:J l~nf111'JJ'YIfJ1tJ1'JJ1'Uf11':it1111lt11'UCJ.:Jtifvu':i~tfl'YIijm1ulJl1~1ml 
, I !V I " I 

(Recycle) tVi CJ ~~U~ lJlUl 'U CJ.:J tiffJVi tn~~ 'U l!~ ti1 CJ.:J ~1fl 'U CJ.:J t if m t1 ri 1ij t~ 'U 1 {l'~ tcti':i 1lJfl Vi ~1 'U fll'J u'n 

! U !~1 'U fl1':i U~'UCJ.:Jt ifV#).:Jfl ri 11111'CJv1 'U ':i UIN.:J~nf111'JJ~~lVV~'YICJ~ ~~t11!u1 ~.:J1'U !~liffJflCJ'U ~ 
'" " 

~~t111{l'~#).:Jflrir.l!u1 ~U':i~ lv'lfu~CJ!U 
q 

I I • V v 

tlU 11'lt1~Ul~'JJ1'i' 'U lJlflVi{l'~ lm~ 'il~flflfJ 1H~ 'UCJ.:J f11 ':i1J 11N.:J1{l'~ Viu~ !~ijlJll~1Nbl''JJ tlU11'1t1~U#).:JI'i''U
q q q q 

, 'j)" II 

Vi n~ CJ {l'lJ'U~'UCJ.:J~'U.:J 1'U l1.:JfltJ'U t1N1U~ ~t1 ~.:J tIN1 f11 ':i l~CJ fleJ~lJ'U 1'JJ 1flflfJ mjCJ.:J ~ 1m~'U 1{l'~ Vi ll.itn ~ • '" . 
fl n lU~V'Ul!U~.:J tyj {l'!u1'U ':i ~t111.:J f11':i tH1 UJJ~~tIN1~CJUI t1.fllJ (1'.:J~.:J 1,650 CJ.:Jfl'llcticU91fJ{l'nl'll'JJ. "'" 
~ "" '" d' II] <I 0 OJ 9' 0 '" d II] 9'11] 'I 9' '1 <1&(mn CJI'lI'l'JJ~fl'~ l!~~ {l'':ifl'fl~ n'YIfJ1.:Jfl'{l'fl~, 2539) 'YI1lt1fll':i'U1H.:J1{l'~'YIU~ L~ LU L'lfU':i~ W'lf'U~~ 

Q q q q

". . 
!l.i~f1111J~.:J fJ1fl'JJ1fltJfl 'U CJfl~1fltJ'U CJ ~ lJ'U 1iJ.:Jt~'U 1{l'~Vi~m1'JJU~.:JU ':i.:JCJ;.:J fll11{l'~tcti':i 1 lJfl 111"1 

!V I " I 

! U #).:JtJ'U ~.:J (1'llJl'Jt1t1111lfll'J Vi1 ~1 'U flnU~ 1{l'~CJ ~lJ'U1ij!u1 ~tlUf11':i U~ 1{l'~U':i~t.fl'YI~'U"1 ! ~ . '" . 

d Q.I jld d lit 31 ~ Q.I QI I 31 lIJ 'JJQI 0 & ~ 
f11':i 'YI1(1'~ 'il::::f1flU~1t1'JJ'U'U l~l~fl~.:J L~'U'U 1{l'~~.:J f1m1~::::1'1 CJ.:J L~ ':i Um.:J 'il1'U 1'U11'U .:Jt'Vw. '" .

" . . 
111'tn~f11':iul'lm1m~'U~'Ul~f1~.:Jt1CJfJ"1 H'J .:J#).:Jf1ri11'il::::l~11Ur11111'~1t1il (Flaw) ~1.:J"1 Vi~tJ~1'U 
~ QI I 31 ~ I ~ d rt .d ~ d~ .:!t 

l'UCJ1(1'~tJfJU~1'U'U l'lf'U 'UCJUlm'U ':i'YI':i'U l1':itJ ':itJfJUl'lm~f)"1 'J1'JJ'YI.:J'JCJmWfl'YIlf1~'illflf11':i'JJ{l'.:Jl'iltJ
q cu· IIJ q 

... U'Ul~11Ul!'YImtJV 'UfJ1fJI'i1tJ11'fltJfllU 'il1flf11'JflflfJ1'UCJ.:J Griffith (Somasundaran, 1978) 'YIU11 
'" 

l! ':i .:J~1'i'CJ.:J f11'J i 'U f11':ir11 i,r1{l'~l!1'I m1'm!'U 'U 'flf1111fl ~~~'U CJ vtl1J'ln1~'UCJ.:J1{l'~J'Ul!~1iJ.:JUU'JlNfl~'U 
q '" q 

" "" " tiUml'JJ tJl1'UCJ.:Jvj 1t1 ill 'Ut'utJ1{l'~~'U tJ'U ~1V ~.:J ij 
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~ 9J Q..I 0<::). " fleJ II'J \I!fI'WW,lfl'l1fl (Fracture stress) 'lltJ\I'J5'W\l1'W 

E ~tJ ~1111IPJ~br'lltJ\lrJ\I (Young's Modulus) 'lltJ\llbrlPJlPl\lfl~lJ 

y ~tJ 'V'l~\I\l1'Wi'Wfl1'JlIlPlfl'l1fl (Fracture energy) 'lltJ\llbrlPJlPl\lfl~lJ 

L fltJ'" fl1111tJl1'lltJ\I')tJtJUlPlfl• 

I IV" 

, J!!!f11 'iJ~Vi 1'lM!!'J \lViJ!tJ\I i ~'l 'W fl1'J !!1Pl fl'l1fl'lltJ\I ~'U \l1'W U'W ~~~\I' J! lTIfl1'J !TIllfl1111 tJ11'lltJ\I 'JtJtJ 

UlPlfl i 'W ~'U \l1'U!C}f') 1iJfliJeJV'I1 mtJ1TI 111 '11 ~ \I ~ 11 tJll i ~A''W lllfl n~tJ fll'JVi1 'lM!~ml1~\leJv1\1 ') 1m~1 
'" 

" 
(Quenching) lIPWfll,) U11brlPJ!C}f'J1:IJfl'LlVil 'lMiJ~ru '11 fJ:IJ~ \I~'Uuf11~\lVi1 'lM!~'U\911~\ltJV1\1,)lm~1 

, 'jI 'jI I 

Hasselman (Shashidhar and Reed, 1990) tJihJ1tJ'l.h1fll;)f11')tUVi!f1\91~'Wi111 !iJtJlbrlPJ!Ll'J1~!'I1'W 
" .

!C}f'niJfl~l'U m~u 1'W fll')Vi1 'lM!~'W<>11tJV1\1,)1\91!~lU'W 'V'l~\I\l1'Ut1flVV\91'11 ~'W (Elastic Energy) Vitf1\91 

~'U '1 'Utii'tJ1C1'1PJ'iJ~tU~tJ'U I Ut~'Wl'I~\I\l1'U fll1 Uflfl'l1fl-brh~~11 'I1li (Fracture-Surface Energy) II~~ 
'V'l ~\I'll'U 'iJ mit~ tJ'll tJ1tJ') tJtJ!tfl fleJtJfl , u !rltJl91TElV1'l ()flVi 1i Ht~'U 1911eJV1\1') 'J\91t~ 11 ~ tJ~ N~~ l\1'lleJ\I 

'" 
~ru '11 fJiJmflfll1~ 11flq~ ~Te ~ I'll ~ 'l1lf11 'J tJtJ!tlPl fl'll'W 1\91 b~ fl~\I!f1\91~'W!~ tJ\I 'iJ 1flfll'J'll tJ1tJ1911~ lli 

" . " 
!'VilA''U 'llfJ\lril'U~ 1\1"1 'l 'U ~'U \l1'U 'iJ~~\Pl~u'V'l ~\I\l1'W li!fl\91~'U!!fl ~'lJtJ1tJI911tJtJfl , UeJV1\1 'J l~H~1 Vi 1'lM 

" .
fl11111l~\I II ')\I'll tJ\I~'U \l1'U ~\91 ~\I 'iJ 1flfll'Jftfl'!:Jl'V'l U 11~1 ~T "JtJ\l1br~!C}f'J l:IJfl'iJ~eJvViu ') ~lllru 200

c • '" 
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'U'YI'YI 2 

I. Alumina A-13 (Alcoa) . , 
Body 75% 

2. 'l1lfl~'W ~dVll(j ~ mtl 25% 

3. Magnesium Oxide (MgO) Sintering agent 0.06 wt% of Alumina 

4. Polyvinyl Alcohol (PV A) Binder I wt% of Alumina 

5. Dispex N 40 Detlocculant 0.36-0.4 wt% of Alumina 

'" 2.2 f1l'aIYl'Wll Fired Scrap 

'!) 'jI 

2.2.1 H'fflJl~tl~hJl1,nnJ\pH.ul~-Wtl\.j (i~VrlWfi''IJ PYA I'i'B.:JUl 'hJCl~mvUlnB'tHJ~UllJl 
, 

q 

" , 
H'fflJn'IJll'ltJ~'IJ\911~'t.J"11wll'l)lri1't.J PYA: Ull : 10 ri1't.J) l~Vlfl~B.:JH'fflJl11l.uln't.J~ 

" 2.2.2 Ul!Dt'VlU'IJ'IJ (Casting) 1't.J tt 'IJ'IJ~'t.JiJ mml'l B{ l11tlJ't.J ~'t.J.:J 1't.J ~DUvi.:J 'IJ't.Jl~ 2x9x 1 

'" 1C}i't.Jl'ltlJl'l) 

2.2.3 B'IJ~'t.J.:Jl't.Jl11u11.:J~e:Jru'l1.tl:iJ 110 e:J.:Jf1'ltC}iClt~V'ff tlJl.Jl1m 24 i'11m 
q '" 

qWl1lJii 

(DHlllqfl'l'Q;Ol'l) Soak at 1500 C in 2 Hrs. 

So,k., 1300 C in 3 Hrs .1600 

1 /COOling
1400 

~-~~ 
1200 4 min/C '0 1300 C 

4 miniC '01500 C 
~ 1000 

800 

2 miniC '0 600 C 
600 \ 
400 


200 


o ~--~----.-----------r----'---'----'----'----'---~ 

2012 14 16 18o 2 4 6 8 



4 

., 
Q ~ ~ 

2.3 fll'i Quench 'If'lNn!Am~'t1Vlin)'UtnJ'UVli'l11'J.J!!'IJ.:I!!'i.:l 

" , , 
2.3.1 lhih..!,nwiutJ'Ul1tJW11fllJ 150, 200 U~~ 250 tJ.:)rn!95~!9hJb1' !~'Unm 5 i'11m. '" 

" " , 
2.3,2 t'h~'U':)1'UtJtJfH)lfH\9l1tJ'lJ !!~~!!'lii'UU1!~'UYitJW11fllJMtJ.:) (U)~:IJlW 30 tmn. '" 

" " 
!95m91Vb1') -n'Ul1l1':) Hi 'UU l!~'U!~'Unm 5 'U 111 

" , 
2.3.3 Ul~'U':)l'UYi~l'Ufl1) Quench iUtJ'lJ'1MUM':) 

Machine 

~ d' d <)} 9.10 
2.4,1 'lJ~'lf'U':)lU'VlvnWfll) Quench !!~~'Vl~b1'tJ'lJfI11lJ!i'U':)!!Hum'1u Jaw crusher '1mu'W 

vn1b1'~~~'UU l~mj1U) ~~'lJ lJ~ ~!lJ\9l). '" 
, " 

o "" IIJ 91 91 IIJ_I "" '" ~ 1 _I '" 2.4.2 lJ1b1'l)'Vl'lJ~ L~1l1fl'UtJ 2.4.1 LlJ'Ul'ltJflflH L'U Ball mill ~VlJ)'U 

- ~~rilm~111Wt'1(1)~'LJ~~tJ~fl'lJ~~H' l~U 1: 1 !!~~ 1 : 1.5 h-WJl11lIfl 
'" 

- nm~l~l'Ufl1';l'lJ~ !~U 24 !!~~ 48 411lJ.:) 

2.4.3, U1H':)lb1'~~'lJ~1l1fl'li'tJ 2.4.2 iU\9l)lllb1'tJ'lJ~mJW~ l~v!u~V'lJ!l1V'lJi1'lJH':)lb1'~. . 
"" <I _.1 91 dt 

- fl1';ll!ml~m-nb1''UtJ.:)tJ~fl1fl (Phase analysis) 1'l1V!fl';ltJ.:) X-ray diffractometer 

- fll';lm~\J1V'Ul.Jl~ (Particle size distribution, PSD) 'UtJ.:)tJ~fl1f1 

- ~U~l.:)'UtJ.:)tJ~fl1fl ¢{lV!fl~tJ.:) Scanning electron microscope (SEM) 

http:fll';lm~\J1V'Ul.Jl
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UYI't1 3 

, ~ 

.c::t.c:t , a .:::::.. 
3,1 f.H1'Uel.:lfll~ Quench mJVlelf111'JJ!!'U.:I!!~.:I'Uel.:l'llh!.:Ilh! 

)"U~ 3.1 U1:1'~.:IvH'lfll)"1~~1 MOR "tJtJ,:,j~'U,:,j1'j,.j'Yi~1'Um~'lJl'Ufll)"I~'U1'l1~,:n)V1,:,j)"1~1~1.. 
" I !V , 

1Vi v'IJn'IJ~'U.:J 1'U Vi hi ~1'U fl)" ~ 'lJl'U fl n I~'U I'll ~,:,j tJ VN)" 1~1~ 11Vi V'IJ n'IJ~'U,:,j 1'U Vi III~1'U m~'lJl'U fln 

~,:,j flri 11 ~1mU ~~I'l1'U I~tJV1,:,jotl~11)'U 11 IntJ 1M'tltU '11 fllJl~ lJ~'U l'U m ~'lJl'U fl n 1~'U 1'l11:1' .:I fl 11 200 
cu q 'U cu 

, ", 
tJ,:,j ft1ICJf~I9fV1:1' ~~ t-111M'fI11lJ II ~,:,jlt)",:,j "tJtJ,:,j 1MI ~ ~~.:J tJV1.:JlJlfll{i tllVi v'lJn'IJ ~'U.:J1'U Vi 1~tJru '11 flin 'U. . .. 

I I iI I I I Y 

fll)" 11lJ ~'U ~1fl ':lTtT'U 1t~I{itllVilJt)ru '11 fllJI1lJvl'U 1:1',:,j~ hllli hi 250 tJ .:Jft1ICJf~ 19fV1:1'fl~'IJ'W'IJ 11 fl11lJlt~,:,jq.. 'U 

" . 
~.:J 11'U ~ ,11:1'1 UI~11f11)" 1)~I~ tJfltJru '11 fl lJl1lJvl'U 1'U 

q q 'U 

, , 
Q.I Ii" 0 .d, 

'V'H'I.:J.:j1hl ['Ufll)" Quench 1'l1'YI '~~ 

7.2927.053 
7 "~------

3.043 3.060 

50 100 150 200 250 300 

... 
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" 1)~ 'V'I U11'l1\l 'ffeJ\l';i tJ n~fl£J U! ~!fl eJ U1)~! '11 iJeJU flU 'Yl rl.~ 

agent 

[/0] ~--------------------------------------------------------~ 

lElEl 

&4 

3& 

1& 

[/0] 

lElEl 

&4 

3& 

1& 

4.B 

B.B 
lB ZEl 

" 
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d d ~ dQ QJ I d tJJI 

\Pll~Tl'Vl 3.1 U~'fl-:.J'U'W 1'fl eJ'4 fl1fl I 'IH'! tJU'fl~'VnJ 'Vl vr:m:rvn~'Uem"J-:.J\Pl JeJEn-:.J 'Vl Nl'Wfll':i 'lJ'flI'l'JtJ 

!~eJ'W''U~l-:.J'l !YitJ'lJn'lJ1\PlQ~'lJeJ'JiJ'W1 A-13 l~lJ~'W ~U~ 3.4 I;)-:.J 3.8 1~'WfnlyJ!!~'fl-:.J~mJW~fll':i 
m ~ 'illV'U'W 1'fleJ'4fl1fl1\PlQ~'lJl~lJ~'W !YitJ'lJn'lJ~1eJtil-:.J~ Hl'W fll ':i 'lJ'fl!~eJ'W , 'U~ W'l 'illf)\Pl 1-:il-:.JU ~'fl-:.J i 11 

lM'Wl1 ~1eJtil-:.J~ 1 I;)-:.J 4 ~'lI~'W~1eJtil-:.J~Hl'Wfll':i!VlllJ1!!~1J'W fll':il~lJU~lJ1W'flf)1J'fI'il~Vili11
" 

lrimYitJ'lJ n'lJ fll':i !~lJ!1'flli 'W fll':i 'lJ'fI~-:.J 'il~Vili 11'U'W 1'fl 

911 lil')w'1'\J1Wf1I'iU~ 

tlVl~ lila V 

• .~ 

l'flWnflU l'fl'i : \!f1U~ I: 1.5 U~ 24 'IUJ. 3.82 

Quenched l'fl'i : \!f1U~ I: 1 U" 24 'If.lJ. 6.57 

Quenched l'fl'i : \!f1U~ 1:1.5 Uf1 24 '!r.lJ. 5.26 

3 Quenched l'fl'i : \!f1U~ I: I U~ 48 '!r.lJ. 3.81 

4 Quenched l'fl'i : ~f1U~ I: 1.5 Uf1 48 'If.lJ. 2.44 

QJ 

'\JW1~El"4f1lf1 (llJmOW) 

ItJ O{l'lfU 1v"i'~ 10 ltll'){l'lfui\'l~~ 50 

0.52 2.72 

0.28 2.85 

0.26 2.62 

0.28 2.37 

0.25 1.79 

I QJ I d 

, . 
V;UYi~ll\lYll::;' 

I,Jo{I'lfu'lml~ 90 (m'/g) 

8.68 1.2958 

18.94 1.7877 

13.64 1.9538 

9.35 1.9426 

5.62 2. 1749 

.J d .d.,QJ ,

'illf)mlyJ'flf)'l:lW~fll':im~'illtJ'U'Wl'fleJ'Wfl1fl ~'lJ11 \Pl1eJtJl-:.J'Vl 1 !!(1~ 29i-:.JI1J'W1Pl1eJtJl-:.J'VlVll'W• 
m':ilVJ1!1(1~UllJ11J'fI!~'Wnm 24 i'11lJ-:.J ('iU~ 3.5 !!'fl~ 3.6) 'il~lj~f)'l:lW~fll':im~'illtJ~11nU1J'il~

" 
1~'W!!'lJ1J!ff'W l~-:.JlJ1\Pl':i~l'W~';'fIl'il'W ci1'W~':leJtil-:.J~ 3 !!'fl~ 4 ~-:.J'lJ'fll~'W!1m 48 i'11m 'il~ljf11':i 

m~ 'illtJ'U'Wl'fl '1 'W~f)'l:lW~~!~tJ'lI'lJ'W'U'illf1!ff'W 1~-:.JUf)~Util'l';'fl1 'il'W 1'f1tJlj~1'W1'Wu'Wmfl~lj'U'Wl'f1. 
d 1.?1 0 

L'fl f) Uti!II 'W 'ill'W 1'W lJ1 f)
" 

http:1-:il-:.JU
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o 
o 
o 

10 

~.~~~~~~,~.~~~.~. ~~~~~TIr° 
Pa'rticle Diameter (iJm.) 

a 

10~~·~~~~~~~__~~~~~~~~__~~~~11QO 

o 
o 
o 
o 
o 
o 

10 

~.~N-~~~~~~~~~.~~~~~~~O 
Particle Diameter (iJm.) 
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10r-~~~~__~~~~__~~o/t~O~__~~~~~~~~~--,100 


90 

o 
o 
o 

o 

o 
10 

~.~~~~~~~+.n-+~~~.~~~~~~~O 
Particle Diameter (~m.) 

10r-~__~~--~~r--r--r-_%~~--T-~r--r--r-~__~-,100 

90 

o 
o 
o 

o 

o 
10 

~~~~~~~~~~r+~~~~~~~~~~~~~O 
Particle Diameter ·(~m.) 

• 




10 

10 %r-~__~~~__~~--~~~~-T~~~--~~____~100 

90 

80 

o 
o 
o 
o 

o 
10 

~~~~~~~~~~~~H-__~~~~~~O . . 
Particle Diameter (~m.) 

I jI I I I 

'j'tHl 3.9 ~'l 3.11 !~'Will'Ylril{HJ1-H11fl'lJtl'lb1'1'j~'l~'Wl1vh'Wfl1'j'tJ~!~tHlm 24 il1lJ'l l1 
~ . 

nl~'l'\JtlltJ 125, 1,000 U"~ 5,000 !'Vhl'lllJ~l~'tJ 'il~!11'Wlltl'WfI1flril'Wil1uilJ~m':lru~!~m']'j'lfl"lJ
• u 

" 
lJ 'j tltJ1jlJ!~fl"l I'lHflm'lU"~lJr;h~tl'W oU'l'l!~ tJ'tJ!~'W!'U tl!~tJl 

nJ~ 3.12 - 3.15 !~'Wfn'YlriltJ'lJtJ'ltl'WfI1fl~lmh'l~ 1 ~'l4 1'l1lJ~Wl'tJ ~nl~'l'IJtJltJ 125 !'vh 
~ . 

'Yl'tJll i'WnJ~ 13 ~'l!~'W~ltl~l'l~ 1 ~'l'tJ~~lm)I'l'jlril'Wb)'l'j~tl"fl'tJ~ 1 : 1 !~'Wl1m 24 il1m 
~ ~ 

J'W 'il~111'W ~flfJ ru~tl'WfI1fl~lJnH 1'l!~'W VlHfl"lJ!W~!~'Wfl'tl'W l1ifl "lJtl ~tl~tl'W tl'W U"~lJtl'Wf)1fl
q cu q,J q 

!~fl"l ~l'Wl'W.wtltJ i'W'lJru~~~ltl~l'l~ 2 (~tl~ 3.13) ~'l'tJ~~ltJ!lm!'Vhtl'Wu~'l~bY~ril'W'Jfl'tJ~!~lJ 

~'W'il~lJtl'WfnflVlHfl"lJi'WbY~ril'WlJlflflll ril'W~ltl~l'l~ 3 U"~ 4 ('jtl~ 3.14 - 3.15) ~'l'tJ~!~'W. ~ 

,jI I " 

11m 48 il1JJ'l-W'W 'il~lJtl'WfI1fll1lJ'jtl~ l'lVlHfl"lJlJlfl~'U u,,~tJ'l'Yl 'tJtl'Willfl'VlHfl"lJ'tJl'lril'WUl'lfl. .
~ 
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.. 


, " , 
"nJi13.9 fm~cilrJ'\JB 'H)'Uml'l'lJB'Hn~A'l~'UViih~-:j'lJtJl(J 125 t'vil'U q 

. " . 
~tli13.10 m'WciltJ'\JB-:jB'Umfl'UB~ffl~A~~'UViih~~'\JfJ1tJ 1,000 tVh'U q 

http:tli13.10
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, " ,
llHi 3.11 .flmriltJ'UtJ~tll-jfllfl'Utl~bn)~,wi''WVitlltr~'UentJ 5,000 I'Vil 

• 

• 
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'" .. f(J. . . '< • "'11:.- <,\ ' j ~'. , • 
• --j ., ,. ~ .... '.- . ' ~'" 
'. ..' " " ...." ,,-,......' .';' ,'\<~ \.,,: ).~,('.. r;':': ';. :~.."",0 ..: . 

?J .) •. ' ....... ;:"'-.' ~. "co, \ :~.r U~:f .. ,

" •.!t_ , _; """'S'I"\ ';,.0,.: .•.' '.~\J rr· .~ ; . .,11-': • tt\~. ' .-~.J'''':''':~: 

",' .J. .:.. ,~..... (~l11.o "f . ' , • . .,.~•. ,J ••' 

" . p.' , . • ~.- ,. .~.'. .~ .;," -," . ,. '. . "- .. ,.' :• "J'~.~ ' ~. ~.~ ., .• •, ·~' f' ~~ . -' J """"......j. ~• .. "I"~"~;' 'I', --",.'~ :,.~~'" -.) . \., ....... ~ .. 

;'" .. ~ ...,', '\' " , .,~ . ~ ~ •... ' ,'It .,, 

' -.::'. ,,~. '. "". , .' ..:J \ ... ~/ .... .... .: ' ~ .,,'. ";1-. 
if'J' '4 " "?>.>'" !" ~" ~ . ,I; ~i,~. ...~ .t"~ • -~. 1... . .. ...... • "'"' .....: . - . . 

."':':1' . .:. ,,,.:,, ....·4" -' <~.... ;~.;., -...... ~ ...." .~~~.:,,;~,';;.: ..~?7: f~' ~ . ~,,,,~ ~ ~'"!,;;.;.~. 
'; ..... Ifff"'" . -., ~~..;;., " -I 

fa Acc V SpoOl • :. ~ n- . '. .... '. :. 
:200 kV 4 0 ilqn (llll WI) ,'.' -.' " 1./ ~, 
.... .. . ' .1:>t>x ·~iI 9" ~ . . . ~.. , _ :: ....~: Il!>:>4 hIS :>00 11m' , .... - -, .. .. -..~::~ 

. 
1tlfi 3.13 fI1'V'l~lCl'UtJ'ltl'WfI1flvlltl~l'l.y] 2 .y]nl~'l'Ul'J1Cl 125 tVll 
~ q 
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• 

)"u~ 3.16 t!"~ 3.17 1~'Wm'Wci1tJ~n1~.:J'UtJ1tJ 1 ,000 t!~~ 5,000 Ivl1'UeJ.:JeJ'Wmfl~~~fllJru~ 
OJ q 

oj , oj 

111 'W 'Vl)".:J fl[1lJ 1'W)" uVi 14 \l1flm'W \I ~!'I1<I/ll'i'11eJ'W mfl'Vl)".:J fl[1 :IJ~.:J flri l'd\l~~~fllJ ru~fl ~1tJflm u 
OJ q '" 

hn!'Vl ~)"eJtJU:IJ'U'W 1~1m;ue:JrJI'lHflm.:Jfl~1tJtlU 1 'W)"u~ 12 ~.:JI~'WeJ'Wmfl'Ue:J.:Jm)"~'Je:JrJ1.:J~U~1'i'1tJ
q u cu cu q 

I I 'J.I I 

1~e:J'W 1'U1~tJ1fl'W !!~I:iJml~lfl~~fl'l,Jru~'UeJ~V1'W ~11 'W )"uVi 18 fl~U'WU11 e:J'Wmfl'Vl)" .:Jfl[1:IJ~~flrilllJ
OJ q 

Y , 

11'i'~ ~11~ tJUI~'W!Ue:J!~tJ11'W~UI~tJ1tl'Wfl~ltJtlU~UVi 13 11~\I~U)"~fleJU1u~1mm'Wl~fl'l ~1'W1'W 

I ,., • I 

)"uVi 3.18 1~'Wm'Wci1tJ'UeJ.:J~1)"e:JtJll~fl'Ue:J.:J9hH1'WVilrnVie:Jrul1f1lJ 1500 eJ.:Jf1'1I'll"I91tJb1' Vi 
OJ q OJ 

fh~.:J'UtJ1tJ 5,000 Ivl1 Ine:J!litJUflU)1j~ 3.19 !!~1 'WU11~fllJru~'Ue:J.:J~1e:J'WmfleJ"iJ'W1~N1'Wfl1)"U~
" q OJ 

Y " 

!!~1 \I ~~ ~fllJru~!'I1:iJm"! flU 1m.:J b1'f1.:J'Ue:J.:J~'W.:J 1'W e:J" iJ'W 1VilvnVi e:Jru '11 f1iJl~tJ1tl'W !l b1'~.:J 1"rl~ 'W 11 
OJ q OJ 

• 
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,. 


• 
, ",

11Hl 3.18 fll'Wti1I'JN'";)'J 81'JU\9l fl'U u -:Jc1f'W -:J1'W uCl ih..l1t1lN1 
• 

~ ~ 

, . 
d. Q d. do (lI 1 

'Vl~ru'l1fJll 1500 u-:Jf1'1l9fCll9fI'J'ff 'VlfllCl-:J'U1'J11'J 5,000 l'Vl1 

" , . . " ~lfl.umICl~-:JflcirJm~~~'ff'J,j~-:JflCllfl1 'Wfll'JU\9l1~~-:JiA 1m-:J'fff1-:J'Uu-:Jc1f'W HWt1lNlt1 
~ 

'" C1 C1 '" ~I c;j '" '" ~ 0 lIj n I q 'J) 'J}

~rul1fJll 1,500 u-:Jf1'll9fCll9fI'J'ff ~~llClflfjru~llJ'Wlfl'j'WlClfl'llfll~\9l\9lfl'W lllu'Wl WU\9l !l1Ul'lfl\9l11'J Jaw 

crusher lfl'j'W~-:Jflci11~~lfll~tl'Wl~'W U1ifllfH~fl'l ~-:JiJ~U~l-:J lllmJ'Wu'W n~lrlml11uu\9l1'W11D'eJ 
" , , 

U\9l eJ'Wfllfl~-:Jflril1~~ 1~i'UV1-:JU'J -:JliYl'J\9liYUCl~U'J -:Jfl'j~U'Vlfl~lflfll'J lfl~eJ'WYi'UeJ-:JClflU\9l 1\9l1'JU'J-:J. ~ 

l iYl'J\9l iY~~'I-111 ,rlfl'J'Wl~ fl'l ~N111 q\9l eJeJfllUtleJ'W ~ -:J ~~'I-111,reJ1ifl1fl iJ N1~t~ I'JU~'Wt!Cl ~iJ~U~ 1-:J!~'W 

" 
fll'J fl'j ~ ~ 11'J'U'Wl\9l'U eJ-:J eJ'Wfllfl ml-:J ~lflU'W fll'Jfl'j ~n 'Vlfl tl'W ~~ 'I-111,reJ'W fllfl 'Vl 'J -:JflClllU1-:J ri1'Wnl'l fl.• 

I ~,v 

fl1111 G1 'W fll'J'li'W tl'W 'UeJ-:JeJ'Wfllfltl'UClflU\9liJlJ1fl~'W ~ -:J '1-111 ,r~1mh:Jt11otu~lJ1ru ClflU\9llJ1fl~'WnCl~ 
• ~ <u 

~ d. d d d. 0 d.:::! I cl & 
'IJ\9l'W 1'W 'U 'W ~~1l'U'W l\9leJ'WfllrH 'Q ClmClflCl-:JUCl~ll ~1'WTW eJ'Wfllfl'VlJJ'JU'J 1-:J!1J'W 'Vl 'J -:JflCllllJ1fl'U'W

• • <u 

• 



• • 

• 


. 

"" 'U 'YI'YI 4 

." " 
1. tlll Quench UlflVi~ru'jljiJiJl'1'm~ 200 'e)\jf1'lt9HHC}frrff~'Ulu u~i111l1'mllJH~\jm\j'IJ'e)\j 

l'(1'~~tvnmi1MI'f1\jmflfllll'l~ \j 'jlj ~ \j'IJ'e) \j 1'{1'~ ~ lli vll'U m ~'lJTW tlll Quench 

2, VI'f1'IJ eJ \j tlll U~'lJ1'11Hull 'U tlll'lJ~#\1tJ'jljJ!'e)'lJ~ ~~~ eJ'IJ'U 1~, ~flflru~tlllm~ ultJ'lJhI1~ 
" H'f1~lU~l\j'IJ'e)\j'e)'Ufllfi t~'U~\j.w

'" . 

" 
'lhm~ 

, 
lJ ir~ ri1'U 'U 'e)\j eJ'Uf11I'lVi 

. 
~lU~ l\j l ~ 'U 'VIl \j fl 'f1lJlJ 1fl~'U. '" 

2.2 f11lt1~lJnml'Utlll'lJ~ 1111l 24 t~'U 48 41 i~\j u~yhl11'B'Uf11fl~'U'WwHll~tJ. 
, dcv ~I .J ~ 099JQ.I 

f,~ 'f1 \jmflmllt'f1~ JJ f, flflt\,l~lLJ'W 'VIl ,mmJlJlfl'IJ 'U 'j 1lJ'Vl'l U~'VI1 ! 'jlj 'f1 flflru~ flll 

• m::; 111tJ'IJ'U l~ 'lJeJ\j eJ'Ufllfl tU~CJ'WmJ'f1\j ill• 

• d Q.I ~ 'jJ d d cl I Q.I ~ .<::l ClQ d 

t~ tJlfl'U {1'll~ \j \Pl'U 11 ~lJ'IJ'U WHII 'f1 tJ'U eJ\j eJ'Wfllfl t'f1 flf1Jl U'f1~ 'f1flflru::; 'IJ eJ\j'Voj 'W Vl1eJ 'U fllfll1::;lJ Vl1n tJ'lJ. . 
~~ fl'lJ 'e)'U flll'l'IJ eJ\j 1'{1'~~ ~1'U tlll tVl1H~1 11 ~~~flfl ru~fl ~ltJfl'lJt~'Utm 'U t~ fl'l ttll~ fl'U H,j 'U 

uu1'Y1Nfll'a~lti!Uon1'U~U~el1t1 
f11l1,rtJ 1 'WiJ \j mh ~mru ~ eJ 1U 11::; t~ 'U fl n tJ lleJ11'{1'~.~ ~1'U tll 'j 'lJ ~l\~'J:lJ 1VI{1'lJ tl'lJ 1'~ t1.~'lJ 

i\j#\'U (Alumina A-13) i~tJl1::;t~fJfl1'{1'~~~l'Wtlll'lJ~ i~tJl~ir~ri1'U'lJeJ\j{1'n~mJfl'lJ~l~'U 1 : 1.5 

. " " 
H'f1~'lJ~I~'Unm 24 cjf1 ilJ\j i~fJu~~.;r'W\PleJ'Utllli1Nl'W~\j.w 

." " 
1. VI{1'lJ1'{1'~Vil#\tlmnll'1\jvi'u i~tJl~5~llri1'U~\j.w 

• 

100: 0 

75: 25 

50: 50 

25: 75 

0: 100 
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2. ulri'Jl.j~'fflJ~1~1,j~l'Ulfl~eJ-l Spray dryer l~m11'lMI~'\.H-I-ll'ff~m1'-l 
91 )I I 	 !j/ I I 

3. 	 fl~~'U~,j'lMI~'\..j~'\..j-ll'\..j~';ltIlfl~eJ-l Hydraulic press 'lMI~'\..j~'\..j-ll'U~,jffm~VlJ~~f'ff 

'\J'Ul~ 40x40 ii~~llJ\9l'j 
~ . 

4. 	 U1~'\..j-ll'\..j1Jl-lri1'\..j 1,j'Vl~'ffeJ'lJmllJU~-lUHrieJ'Ul~l (Green strength) 

Universal testing machine 
~ 0 	 0 

5. l~n~'\..j-ll'\..jri1'\..jl1m~eJ 1~v'l,*\9lnl-llm\9l1lJ~,j112.1 
Q.I~ d QI 	 ~ 

6. 	 'Vl~'ffeJ'lJ'fflJ'lJ\9lmllJU'IJ-lm-l'Yl~-lINl (Fired strength) 'IJ'fJ.:j'lf'\..j.:jl'U 

• 


• 


• 




of 

1. !~ fl tll'll'llJdY(1 U(1~ (1''jffflt 11'l'1V1.:J r1(1'fl (1 , "fll'j~\PlJ'W1u 'W 1't.J111!Yi (J'j.J bYll'li''lJ tll'l (1'1'11 m 'jlJ 
q q q 	 q 

" . 
Vl'WV'WI'1", fllnh~'ltlJ1'lflfll'j'\Hl.:JlJ'I111'VlVlr:rmflfll'l'jft'1(1'1'l{ flr:JYi 34, 30 lJmlfllJ 

'" 	 " ~1 ~lJi1l'Vl'Wli '¥l.ft'. 2539, 'I1'W146-53. 
> 	 ~ I " 

2. 	 fffl~b!mll'l 'WlfllJJ U(1~ 1~1'l 'lh~fllV'¥l'j'jru, "fll'jftflfll High Alumina Yi~'Wt'!J~1V11i Slip 

Casting " i m.:J fll'jfll'j !1v'Wfll'j (1'tlW~m(1'~lJ '!J 'j ~ (1''lJfll'j ill mfl1'lf11(1'~ft'1(1'1'l{ flru~1'VlVl 

3. 	 N. Shashidhar and James S. Reeds, "Recycling Fircd Porcelain", American Ceramic Society 

Bulletin, Vol. 69(5), May 1990, p. 834-841. 

4. 	 D.P.H. Hasselman, "Unified Theory of Thermal Shock Fracture Initiation and Crack 

Propagation in Brittle Ceramics", Journal of the American Ceramic Society, Vol. 52(11), 

November 1969, p. 600-604. 

5. 	 W.D. Kingery, "Factor Affect Thermal Stress Resistance of Ceramic Materials", Journal of 

the American Ceramic Society, Vol. 38(1), hnuary 1955, p. 3-15 . 

• 	 6. P. Somasundarn, "Theories of Grinding" in "Ceramic Processing Before Firing", G.Y. 

Onada and L.L. Hench (eds.), Wiley-Interscience, New York, 1978, p. 105-119 . 

• 
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