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Abb. 176: Geologische Karte des Beidellit-Kaolin-Vorkommens
im Bagh-e-clah-e-Gonabad-Distrikt

SO
_
YT
3.
w o+
PRt

[xxx
X

x

B

N

gipsh Schutt
Kieselsinter
Montmoritionit
(gipshaltig)

Perlit

Kaolhin

alterrertes Ausqant-
gestern (gipsh.)
alteriertes Ausgangs -
gestein ( kieselig)

Andesit

alterierterAndes:t

Protil

Wege

[} 0 oe
et

X

Kaalinabbauort

LS sl o P18 D sl s DLzl 5,851 IS



% sio2 A1203 Fezo3 T102 Ca0 MgO Na,0 K,0 LOI
durch-
scnittl.| 58,5 26,5 0,3 0,06 |1,5 |0,1110.44 0,03111,%
qut 51,;9] .32,8 0,06 |0,1 0,33|0,16{0,08 0,05(12,¢

Sr0=0.45
















i 0 oG | (L OG

(™" ™ ™EO4 O™ SfR™ h Ww=0"2!1"™ OA(™" ("™~"
4" B"< "oomcim (" oB:: C B="+ "B ?4"F ~0" OA

, (Cu5 4FOB 0 1'*8 Oh4+F'Rh ( Df

4"F "+ " 0OA O"G*™RI" 1™ OA( "DTfI"™X?2"
MnQ, TiO, O™/ ™ ™2 ™' *8 "+ 9n C M2 "B ?
“¢>H)ya»m1 ~uyrmrnm@p "~ 3IDF" 1" ")O " (C4B

"NB ( " {0™ ™A "+I("C/" D f1)( ™ "%+51+™ 0"3"4"
"o At (TAVT& 4™ 4"E A'<() "EO+  OA
(Ct7 1AD*%81+< +V2& ( {0
? %
1"23& $"N?4=" " (" I"# " /8"d G0" O0A (E
go"51%B"G 0" "+ " 0OA " "EO0+SfR" h4"+10A ( " 0O
JeppsonlHiggins|Jacobst™ ™ g™ +4" 0"™a™ (™ OB 1™L /L

" ("™ <™ sh UeltzICoes ™ -™" 4™+ ™ ""5Sanders

, 4/8) 54FOB 0 4/0G Oh4+*'/ m 4+1 OA

Reynolds Smotherex™ 0B "+ /ET' ™ OA /™ "#1*8 0™ ™t

"+ ™ 4™+ "+ "L2CutlerW ("(*C m *") 1™ +Cahoon Christensen



"2 ™B ?4™F " oA ™4™ ™'1™*8 0™ 1™ B
Gitzen,"™ H™G™L %\: g/cn® b™+ ™1 ™A4™+ (™ ki C
" 4"u o=t "B4" " ('"C""N'D".KB4"% 1 F1 +
| ™L2 Raha Rad ™L2 Bagley ™ 4™+ ™ MO0™+ B(™({F ™ |

[Qmm2l o =2 Bettinelli | Narasimhan Agrawall Burke Rossi
I$* (" ("B &("("C ;" " O0OA/" "2 0"& 4"+4" 1" *8 O

Mn TiNbV5 1./D*%8 (E | B1 BL%

4™F [™ m 4"+1™ OA (™ D f4™ B 0"3 4"+ "X?b O"G

11"%5 ("C""N' ™ R"5 1" + "B™ 4"/8) "N' "GW/"E' "B
3'(™ ALO;-TiO,- MNO, $/™E ™ OA(™# : \ ™+1B™ B1™ +

,8) 5

$ aC\(
1"L*8 D "#0d<4™ 0"+ i0 ™/ 4"F"+ ™ OA ("C ;™ 4™

1 g {o™ /0" MnQ, TIiO,,™ ("C A -("F IA1 2"C
(O0+# \ V5((?w0%< +

UM+ AL /= /A M+VTE2T &™ kD™ 4"+ ™ 0A 0"G

S"A 0'G 4" 0'GDf ("0B" )S"A"BDO0"'#4+4 0A40%)
, (C ' VLC (C

MnGQ, TiO, “E 1™ " I("CS ™A "" 0OA 0"GS"o 4"+

“S"o 118" (™ 4"+ *2 P'¢C *8 -("F n(" D B +R+a

" 4"+™F 0"BPz"("C "< 9 C " 4" %TB 4" CJ "q f"+



"8 "KB ("A " 4"+ "0 )Ib" " 0"& PG ()" < (A
CV(Bmm TX :mma54+1 #54+MPa
"B ?4™F 1™ -"/ "+1 " Al"L /L 0" 4™02' "TG
[ "?4™+ (™ ™+ =" ,"8) "N' 4"F 9: V"#08 "»: C 1"
0"+ ™ /9 C4™02" "+ &™M9™B:: C4™02° ™+ &™ I™
mO "< 0" Pz" (("C ("'[( "D "?4"F &" " D(4+ 402
,0C <1l h Oh4+ B( )
""""""" + " ALT™™ SA S 4™"hOom 4"+ gm0l 1ttt A
"4™02'1 "AD" B VL"C (" ) "B (Mohs)g0" g". ™' "8
"4"02'm "<y1 ") ™"y"" -("F [/ ™D "?4"F T"E?+
, (C  'TG%/T B ?4F
¢/t ™) "™ V"#?2y "I'4"+ 4"FOB [¥+ ("
D"la5 "+4+" 1"C 4"+ (D'fPz" ("CS"T/" /| " D "?4"F 1' *8
mm}b" \ " UM "<+ < "5 "t ((C4B1 A
~L o (™o N "™ ™0 ) PzZ™ ("MC4™O0' )
(*DfI(>™c/*~ = 0o0) =" "™)/" "3 0"D "?4"F
(A 4+ (0+ A + : 2C
"y (™ g ™+ ™KB "L y"™ 1T"* x"0B ("™ D f1uT"*
"E O+ {0™ - ("/ "NB (™ {0™ = "+V"2& ™2 I4"E . "{"C

,8) N *"4/<() O0A 4/<)()



b™ AR™h "NB (™ (™"C /™ (™Df1" oA "

b™ A" (M) "B -~"Giiur"# (/™ ™"C 1"L 4"#4 "GV"2 +
D f (""C "o4™ 5 D("" 4"+ pb™ " "t ( e 9:g¢
x "C"+4".9D" 4+DFf" "M (") Au2F: " ((25+

Df ("C™"™ 4".59D(" 4"+V*"2 +D"0/K PLCV"2 k-("F n("

0"B "5 "+ A"2Fb" : "™ " O0"&Df b : : "L "+
{)
JmomE (" omAm AR ("CON' "+ 4™02' " "+h " A
()4 K -08
Loae JWEW,
X + X
T (25+ 0&Df 7BB4+W W A 4

~ S "u2R(C Au2FrDfV X X @2, = -
(Ct

"+ NB{O (C/ (  (loose packed density)4%8 1 ~

IL UT* . 9-(F (C ) (% 5+ / 1% :n(40

., (C Ab A0 ( {04  4%81 ~ 1 A

b3 c - \&
(# b+4 1 4'02'4% m <1/T 1aC( -(F 4 0Oh 2
N 0 I+ + + +(C/ > C b+ 4/C 1'*8 1
4"+ 9: C ('K TG PG1' *81 # : \llk ? 4'02'

1"A[(? ~VL"G" ( <\g/cm} OA 0€B1 "(#: b+



9. C "TG 1" *8 ("# | I "+4 O+t +++ (A 4+1F
. (AV#?
W B }4/<() OA b+4 0+ +++(C/ ( Df1l A
"2 4 GP& ("C /" " 4"02'1T"* (Ct ~ }4/<() EO+ + + +
0"%! "@D-("F ," 0"+~ GP34/<() EO+ ~ GPa4/<() 0 A
4/<() O0A4+ MO+ .~% gl/cm} (C/ ( 4%81 4 1
D fvLC 10; / G , 5~\ g/cm}4/<() EO+ &\ g/cm}
B BN+ ( DfVLC4r |, H1 tQB 'Al N+ 0<4+0'4+4 +
R O A (0] W IS S (O ,0+(0</+1 ~ |+ 4%81 ~(C+
"+ VLC 4/<() OADf4+ E'4/<(EO+(C/ ( Df4a( 1
1A 1" Ay (™ O VH#E?2y '+ (QB 15 (' 0<+ B&5
, 4%8
5: - \d
TiO, 1" ("# "48"X Rh 4 (1 'bOG V#?y I
D(4+ 90 C A 0) [/ + O0A4+ ~E E'4+}MnG,
“+"++Df" 1 ~4B4 O0Sf o0l h4+ ( Df OB &
A ('C1¥" I g/lcm + + + AM%BI | OA 0€B1 "(# It
7 UTI 1 A~ 0<+V 4+(C [/ ( Df4a( 1 '1%2&
1A i AO 4+*%8 Ocab 1+ < +1 ( 1(&5 +VLC
, 1 2C4+

5$H S



h"<4"+lb O"G " "N i 0 O0G (+/ (+& $'<
1,0 0$< @2 ((CV2Kl 'Ou+ uF 4B 41 8D2?
OCL * z  4/CO % B2? G h<4+ O
Ji

1.C.F.JACOBS, U.S,Patent 659,926 (1900).

2. A.C. HIGGINS, U.S.Patent 775,654 (1904).

3. C.N. HEPPSON, and SAUNDERS L. E., U.S.Patent 8@}
(1910).

4. L. COES.Jr., U.S.Patent 2,725,286 (1955).

5. H.F.G. UELTZ, U.S.Patent 3,079,243 (1963).

6. BUGOSH, U.S.Patent 3, 108,888 (1963).

7. M.A. LEITHEISER, and H.G., SOWMAN, U.S.Patent34,827
(1982).

8. D.R. MELOON, U. S. Patent 4,568,363 (1986).

9. T.E. COTTRINGER, R.H. VANDEMERWE, and R. BAUER,
U.S.PATENT 4,623,364 (1986).

10. W.J. SMOTHERS, and H.J. REYNOLDS, "Sinteringd aGrain
Growth of Alumina,” J.Am.Ceram.Soc., 37[12] 588{2954).

11. H.P. CAHOON, and C.J. CHRISTENSEN, "Sinteringhda
Grain Growth of Alpha Alumina,” J,Am.Ceram.Soc., [BY 337-
44(1956).

12. 1.B. CUTLER, C. BRADSHAW, C.H. CHRISTENSEN, and
E.P. HYATT, "Sintering of Alumina at Temperature§ 4400 C
and below," J.Am. Ceram. Soc., 40[4] 134-39 (1957).

13. W.H. GITZEN, Alumina as a Ceramic Material. Aigan
Ceramic Society, Colombus, Ohio (1970) pp.131-34.



14. R.D. BAGLEY, I|.B. CUTLER, and D.L. HOHNSON, "fect

of TiO, on the Initial Sintering of AL,O,," J.Am.Ceram.Soc., 53[3]
136-41 (1970).

15. W. RAJA RAO , and |.B. CUTLER, "Effect of Iro®xide on

the Sintering Kinetics of ALO," J.Am.Ceram.Soc., 56,588-93
(1973).

16. G. ROSSI, and J.E. BURKE, "Influence of Add#sv on the
Microstructure of Sintered AlLO;," J.Am.Ceram.Soc., 56[12] 654-
59 (1973).

17. G.N. AGRAWAL, and M.D. NARASIMHAN, "Studies orthe

Eutectic Sintering of Alumina at 1400," Trans. Insian.

Ceram.Soc., 37[3] 79-86 (1978).
18. A.  BETTINELLII,J. GUILLE, and J.C. BERNER,

"Densification nof Alumina at 140@," Ceram. Inter., 14, 31-34
(1988).

19. JAPANESE INDUSTRIAL STANDARD, Ball mill Test fo

Toughness of Artificial Abrasives, JIS R 61238 (128

20. M.V. GORMLY, "Technical Asoects of Vitrified @rding

Wheel  Manufacture: Il , Materials and  Compositidns,
Am.Ceram.Soc.Bull., 37[3] 144-47 (1958).

21. O.L. FORCHHEIMER, "Crit Hardness and Toughnegssow

Does it Affect Your Crinding Operations? "Grind.lEh., 6[11] 34-

9 (1960).















?C-CD9 E?,<F # GH28 9

/< ?C-9 56,7

5 ? , 6C 4° QF 4

I# $%& ' 101( (L'

0"/EC ("+ V"510(" 5 (" OUW"L*8wO0"<I1™ OG " "
("C4/<" T" 1" "4"(+y"GD "Bd< "@2.," 4"/8) "54"a 0
AT 4y [t 4"8) "51" + 0"*  OU lo( 5 OU
1" A4™(+ "' 0" OU" 1 "2B"B'2' ("'O/EClo( 5 OU +4 (
("C4M™EC10(™ 5 OU™ ™+ ™™ 4"1 ™2 | ™ Q"B T"
(Ct HA
2 %
moAm Ay "HE O™ 4™+ ™ ™oy "# ("2&D  1"L OU™
" QU™ O"/ECD"E QB O"2 I"E+ " 1%"# "(3& 1" "E+!
OU™ O"/EC ™F H"% ™ $(™ "™M"B ™2 *U™"?4%E"E
"(F O'F " ," AvV'"%B 0"/ECI(" 4" ('CH 4" "x C
P'G("+1" b *'8 O0U" ("# I('"CH# Dz" (%8 *B 0" W B("28Q" &
" Q"/EC "+ ASTT"F 1"2 b"' "< OU" 1™ hx "C "

(1



- O" 4"+ AT US4 ouU™b *™8 "+
"5b *8 "™ Q"B "KB1"L*8wl">!+4"N/" 4"/8 b *™8 ™ U0
)1
4/"E/6G ("B & ("C O0"/EC ""< "0W"L*8wO0"< ™/2
R"80 4"+ D"'BvO"'< " "2 4"+,"0 ("+4' I'<s . I'<12< LK/
" 0U O" 4+1" " ("# b*™8 "2 4" "+1"GO0"/EC (" A80"+
" S0"%a 1" " 0" 0"FO * ™80 ("& ™ J"h [("C¥"
,0221 C A1L*8w0<1 + + B' (C O0/EC4
4"+ 4"FOB "+1("A%%< O0oU" x"0B4"(+1F < 0U» FJ( oM
* "F 4" " 1"L*8wO0"<$" 4+ 1"L*8w0"< /["C( 'S0"%a ("?
0"+ "2 *U"?0"/EC ("M 0Q"/EC V"54™" (" * "F$" (OC
(Ctea
V'+ 5 ¢"0%/T " 4" ("Q%4/"E/6G 1+" V"+51"'L*8%" wO
u "™# (Linseisp *"  (Pfefferkorn) 0™ ;8 ™C 0™+ ™) (™
(Ct 0 1L
"E' "+ + b™ W=0"# "E& 0™ " $" 1"L*8wO0"<
1+"0 ")4"/T R" h WB("2&1""~u "# D"la51" VL"C " ("CL+
/2 OL"E " 1"<~ /2 OL"E "+ "®" 4/O0OL"E ") (", )1 DO#
, N 1C*
TU<st " T'<1"2< LK/ V'S 1L*8wO'< "4E . 1+

VB4 t2 Ut T 4M(+$" 0"/EC (" V'54" " Bda+t  $



g " "54" G "F4" SAf S"T/ 1"L*8wO0"< ™ 0" 4"B0
SA("# ™M4™02™ 4™ B "+ SA("#,™ "X ™ 4™02 VL"C "+
, ()STI' 0:8 HG
" 4"C 1" C "G 0"&4™+4" 1"2%& "4"8&82N
V'51"L*8w0"'<1" + 2"X4Y8"N' " I'"# $'%& "' 0" (L'
"2 4"+ ("C4/<" 1" A 4™(y"G D "#0d< 1o (5 (" OU O/EC (+
Xx"0B OU™ 1 "2B A 4" 4™(+ TZettilitz) *"/%B O0U™ 4™ ™ ™
, (C1 +10+ (C QB* %B
"y (™ 0" :8m "2 4"+4/"E/6G 1™ +4"" A" 4"+ =
, (C'N'1C* /2 OLE ) 4+ +4/ OLE
™ " ("A1™ /"6G o /"6G4"™ 0" "I50 VL"C
A+ 4" (A% "5 " "O)$ME M T AN A (Mt Ak
‘("5 0"B2'1F "< ("C 0"/EC OU" )" 4+ (+1%< 4 0 2
AT 8™ MET7™%a ™ (M (M QEM2'L AT+ 1M A <™ 4™
/8™) "2 4"+ ™ ("C 1" 1"%< 0™ A 7"CO0)4" ("@™1 ™ 11%"X("
("C "L2 "+- 4" ("C4"h? 1%~ {6"X x"O0B "4"(+ 1F "< 0U
(C1 11%X(~ 4C0) 4/E'4 0 4% 4+ 'A<
V' 2/ 4"C0) 4"+ 1/'E + W "2/2 1"4"(* <" "+4  NAN/
("OB' Z6'< " ("CGl'%< 4" 0" Z6< " 1IF< 0U $ B4 (C
$"E " W8"» H'G'N' I4/"EC 0U" 4"+\A("B' 0U" 0/EC +

. (A4/EC 4/E'1lo( 5 OU I50



. (A1 O 4+ b(G10 ~ VLC @2
-kl # GH289 <75IC$ \(
"F1"dT ™+Oh ("# 0™ :8m 4™+ 4/™E/6G ™) (™ m

, )V)4+V (B B QCON/EF4

MO." "+1/'E + 0"C  VL'C V"Jl+ 4"+4'0/" "+Oh ("# " +)
"+ 4" MO P'GV"){"BV") ("Cu2F1"!{:B T + &

, ) (C B (.

KW=0"2! n "<4™ "+VL"GI™0 *T " 4" 1"C* /2 OLE +
4+" D" "+o0 4/ OL'E 4'E . DO"#4"+ Q'B" (C4/< | 1%
(N ) (G (

"+18"d "E' ("# 0"& " 17E+ A 4" VL"C bN"y "/

,0C1 "1 )% <4 4'(+
E?,<F ; \&
*'51"+0S0"F /0% "N /™ lo(™ 5 ouUu™ (™M
, 5 /JEB C OF
1) o " "+ 40(™ 5 4" “114"a " ou" ("A OF 4+

W6 pH| A "+ ")SA tQ"B4" ("1 O"+40+ ")SA tQB KB 0
4"+ ("Q% "B 0"% ®1 "2/? "B 0"% (" 1™Ma5 "<f ," 0"

,0dd + + + DO#



"'lo(™ 54" ™1~ C ™ 1"8,F"150 9 k %L"C
10(™5 4/"E'1lo(™51*/%B 0U™ 1 2"CtVIAC ," ("C

. (A4/EC

S "+ 0"3 " B R = T * "ACO"+ ™M "+ MK+

1"+ "A4™02'P"L  "OBG " ) /8")"2 4"+ 1B" K 'C

,0C B1/E +
VL"C ," ("A VL"C 1" 4"+1 2"C* "AB("4%"#?y "/
4"8 b *"8: W ("20"/EC ("+4" " "OU (" 4" OC 4376
"B"X D "&4"+ " " OW: 1" B (. 4"+-"? "& * %BAE. 1

. 21

V'#?24" KR h}4" " " "0 020 0"+ 0"FO DO#

") Q™ ,0"A™ 4376 0"/EC P"G*"'-™ ™ ("C$" ~("C
4"E/6GDHN™  0"'rT" "h5 ™-" " O"FP"L ™'0BG
AMF  \ %L'C4'€'C "1'L*8 "#< (. b *8V" 4+*' <s
" Q"FO ™  4"&02N - "™ ™ 0"2' 0"3 4" 1" ™2) ~0"C

(C'cK#lo( 54

VU+5 (M. O"/EC P"G1"/?4™ A '™'Dz" (%8 ™. 4™E .
4" " (") ZO0" "t4" (" 15"+1o(™ 50U" Dz (%8376
, OH
g Jmd WEM2& 1™X" 0B "'0A O™ 4"+ "% rT"B

o O'FO A*BO" ("Wgq "G ("21" ("K " 1" "*u #



b ("F("&V" A 0"+4™ * ("@B4" " (" + tO/EC (+ V54
"+4"E . 1o(™ 5 OU" A*BH{0"2N ("C+ 0"+0"/EC(" A8
, lo( 51 b 1% &4 0+ B*8*%B 0U
T TT $#-TC -T,E?T,<F ;T GH289 \d
H- + <
D9 489 \dW%
- -k
\VL™'gr™C ™ 0™ ;8m  4/™E/6GHA'E . bN™ "F
¥/ 6B  OU" 4/'EC 4/"E'1d5("™ 4™02(" 1" "' 4"h0+ " K
" P"L&1™ x"OB ("C ") (" 4/"E/6G41 "? I("C%" "B/'6G
1I"L*8wO0"< J6/"< " 4"FOBV™N5 " 4™ 4"/L(" 1™ ™' 7"%a
/8") "3 "+t W2%'E (IC4/"C + (" 0" A "F4" ("C¥ 1" 402
"a<4" 1BO"# ('C+1"a ("OB 0'FO J6/'< 4"02' "C + V'K
$ +(' 0Ay/
,02'1L*8w0< 1 + PG @B /% 3 g W=02!

"<12< LK/ T<w !

;24" 0< ' 1="+Ud 4T Y =+4/E/6G W=02!
4" lo(" 5 4"02'4" ("1" "'bh" A 0" "4"02'<s . 4E .
4" " T'%a " ("0 " "2 *"<s".! 0% 0<+ /2 4/E/6G

x"0B4"8) "5 0" A 0" 4@ 4"+1" x"0B ("C ")( $ 4/ E/6G

, )1 xB I0CL $ 4/E/BG + 14k 4) 4+ MO+ W=2/? 4



4"E. "4"0 A "<s"! A 4" ("CQ* VL"CY0"87 a ( (QB
ou" ""<s"" 4" " A"4"+ =W 2"X ("C "*/%B O0U +
(Ct 15 (4 (C$ &K W /C*%B
"+4"E . lo(™ 54/"EC 4/"E'UD4™02' "<1"2< LK/ 4"E .
4" " 1" "' 1lo(™ 5 ("M 4"02'" "< LK/M 0"+ B=+7B 4+*/%B O0OU
4"+ 4"FOB"8+1" "3/ " ~"<s".! 4/"E/6G}1L*8w0< 4+ 4F0B +
("C+ .. 1™a<bN"™ ("? S"T/ 1" ™2) ("C ™) (™ LK
~ VLG
5<, $\
VL" 1G BO"ELB "%& 4™+ 1lo(OUS O™ /EC ("+ V"5 ™FE'
*9 ISAK\ 0"+D "& ("C4/"EC OU" SWba.B "E' x "@"+ 8A
$(DL% » k 0 «xf 1| OU
O/ 489 W\(

O 9DG3 O/l", \
4"EC10(™ 5 OU"™: C}"TG LK/™ 4"E . VL"C4"+4"FOB "+
-" p*g " ("C$" 0"/EC ("+ A "TG LK/ 4" (" 1" '4/E’
("A8 ™ -"2/2 4™+ ™ (" JTG LK/ b "™ &+ "F 1/ OU"
4"+1"a "TG LK/ b " P'GI(4"/8 b" 1"%54"+1"0 0/EC
b" "3/ 0'Bl" W2%(E +'2' " s".' IN"4:"Q/ (" 1 3

(C+ () b*8V 4+4 C 4/EClo( 5 TGs .

o<? [$\



V" 2/ 1o(™ 5 OU™ 4/"E' 4/"EC4™02-~: C}"TG ("I+ ™
oU" "TG ("+,",0"+ "BB," I4/"EC 4"02' 4" 0"+ "C/"E <4"+
G */ %B
# c-,m \d\ &
"tA"E . */%B OU" 1"L*@"CwO"< 1"<+I|"/+1" + "F
, (A -(F 4/E' 4/[EC1lo( 5
TC -T,E?T,<F ;T< # -T T ?TC-9T56 ,?2\A
H-+<
«Q  QU™eQ:} (/" T AMALM x M OA YT+ <™
1 0"%+ D 0"# 4"+ 4™(+ VL"C ,™ ("C ™5 =#B 0™ 9 ID z" (%8
"t4M(+1" A 0"dB %" 2"," (" )$ VLC 2
" ("C QB*™ %B O0OU™R 4™(+9:} 0U"1"2B A 4" " ("C
*B 0% O"F */%B 4™ ("C+1"2 1"d <'V" 4"9 S"T/ "%&
4" (" )<'&+~("2 DZ"(%B("C /" Dz (%8 " *B 0" 1d Bz (%8
M~ ("2 P %" A*B O™ * "+ 40"C4/M"C + ™ (. 4™+ A
0"+ ("2 DZz"(%8x"0B*B 0"(". Q"B AV" 4" " ("C4/" I(C
ou" ("*# "0) ("& 4" 0"C" A" 1" 4"+ " V%KB 4*NB F
Q'BRR)4/"E' " (G)4/'EC1o(" 5 OU" R"h 4" 4 (CJd

Q"B4/"EC 1o ("™ 54% ™ 4™+ QU(*9: 1 "2BU50G4™'(+ ," ("C

()



18™d /"6G4™ 0" (/" T" 1" A4™(+ ™IS0  VL"C
, (A4(+ OU QB F
1"2B O"M" ") 1" <&+ "0 0" ™0 -" OF 4/E "1lo( 5
" " 4"+ 4" ("CL" V' " 4"02 Q'BARhh  4(+ = 0U
P"G ™, ™) Q"B4™ ™ " X"OBA¥ OU™ 9 ™ «9x"8 A
0"+ A "+4" ("A O'F 4"+ "Llo(" 51" - (# b*8 O0J/EC
.02 QB 4(+ OU 1 2B
?C 156 ,2 O/ D9 4 GH289 \e
D9 489 \eW%
"<l VL"C "+TLK/M™ s™U 1 4/"E/6G O™ 4"+w0"< 1>+
4/"E/6G W=Q€ " "2 *U"? (" OBV"?  4"(+VV2? < Gl
s") (" 0" 0"+OFJ'h " 4" " "3 0" "N  S0"%a (?

0"F 4"+4"(+ " "<"+M"B 1B6L" " 0" ("C+7 LK/

4/™E/6G 0/ ™8 0" :84/"E/6G"&4™+MO"+ " @®VL"C
4/™E[6G ("&b *™8 4/™E/6G O™ 02™ (A %/T "4™(+
A4 (M1™ Mt1o(™ 5x™O0B OU™ 1 *™Fb *"8 "+ 0" ;8
1* "Fr"+1"1," Y "#'<1"2< LK/ "<st +*'1 02
L)1 V#?2 < LK/ (C/+W62&4(+ *%B 0U

5<, $\



(¢civ + "E QU™ «"9/T ("# ™+ ("CA4l<™ ™ 4™(+
"5 ;M 0" /2 OL"E,™ ("C "o 9gvec ™A "E' y "
$" $"DL%" 1" ("# "+M'B 0"& " VL"C,0+1C* {0' 4/8)
4"+ " "EL "4"(+S"0 4"% "+4" "+t "/G~", "/ G} (C
fCt 5
< + o\ 0 lek: SAI: 4'(+
M25R, M250G,M15R,M15G,M50Z™" 4™+ %" 7" BB 4™+ ™ 02
4"'EC 1o ("5 4" 1 '"4"(+ 4" " "C +V"+5" 02'(C+t M50G
0"2 4/"E'1" 10(™ 5("# "2"+4+" U™(+ "+4"E. ("C
4™+ 4" " "/2*'18"d $(" DL%"™ ("# 0"+ "2 0"& ™
18'd "E' ("# 1" (" 1" "' 1'"EL S0"%a 0& M50G M50Z
("# 4"L 2"XO0"/EC "+4" 01C ") 4'N/'P'@ 1 ' 1)*+J6/<
,0CL V#?*'1'0B EO0B 0 +1+b *8 1
O/ 489 e\(
O/ 9DG3- O/l", \
P'68 D'"0'P"G0'Cl" " b *8 "+s".' V" &4"(+P 68 OF
4" | VL*C "2+ ™+t ™ 4" 1BO"# QT "TGs"™. "0 &+
x"oB*™/%B oOoU™1* ™F™BM™: C ™ "TGs™. D™ ,B
"o"TGs™S ™+ MB0Z M25R M 4™+ ™ (MC$" lo(™ 5
4" ("C+ O0"<+*' B="+ "I&®"™ 4™(+ "= 1" "3/',(" 1"

" 4/E'lo(™ 5x"0B*/%B 1"F 1™ O0"'Y "# VL"GM50Z 0"



bN"m 18" '"5 " DbN" "a<4" -2 (" 1" (" QB 3/
"2 " 4"+ "TGLK/M  "TGs". 0"+ /% ('C+ (CA%EE  +V &
P*"G 0"Na0O K,O ™?24™ ™ 1" "+M"B 4"E'lo(™ 5

4 VL"E$ 0"+ A(™C1 2™C* ™A "("Cn "<4" " 0"/EC

LK™ b " Ab *"8 "+4" 4/'ECIH 5 "? " 4™(+ "TGLK/M b "
"GSf 4"a.) "+1"%5 "? " ("Cn'< 1"C'"W=2/? | /18 Y ;B
"F ("C+M"B "=0 - "+1"'#< 8vL"B"+("O0B" ('Ct

4"+ ("5 i "G" 4" ("C'w"/? "R"5rT"'B C 4+ ((G rTB

4"*NB 4"+ "EL'OB"' V'"T%TB 4"+ M0"+ y "/' O"R'4/f)', (' A N

VL"G4/"E' 4/"EC lo (™ 5 "TG LK/ ¥ 4"+ 4"FOB "+H4/2 V %KB

,81b 3~
6,7 Cc-,m \e\&

"A -("F ("C4/<™ ™ 4™(+1"L*8 1 2"CwO"< 1"<+4"E

5: -\
S L "u "# ("2& D 1"L 4/'"EC O0OU" O~
S(™? "+M™B $" 4%EME (Ot g™ " ("MK

" 4["E' 4" " 1" hx "C "" ou™ O"/EC "F H™4 "
"+ 0"+ ™B ™) "N 4" " + ("/+ DO"% G 1 " Ag"™. *#P"G

02 H)4 4+ (5 2h



1" +4/"EC4/ME' OU™ 1™ * ™A 1 2™C™A4"+4"FOB 2"X
("B &1"L*8wO"< "/2" 0O"< "™+ O" "2 *'1"L*8wO0"<
1"2< LK/ 1"TGs". I'"<1"2< LK/ I'"<s". | "E' 14/E/6G
(+4" TG (+,ITG
1™L*8wO0™"4™E . 4™+n™/? ™ 8™ G1™+ 4™E . ™F 0™
4"+ *"[%B ("C4/< "C 0OU"™ H" BOC%a 1"L*8wO0"< "+ ("C 1)
['EB "C 0"F u"'s lo(" 51" +"F ('CS'"TI'4'E.V & 0&
Ve (" )"IB "P ™mO"4rC1" C i"G 0"&4"+ ("CS"T/
4"+ 4"FOB "+ 0"+0"/EC "F4" " ("C rT"B(/'E *'S "T/
,0+ (C A+BO0% 4 (! 1la5 <f
tC 1 54+10( 5 4/8) N 1%2& !8{02N
AI"EC10 ("5 4/"E'lo(™ 5P/ %B O0OU""C*® ™A4"E . 1" +
" oU (™ 4" (™ 1™ "' ("L "+4" 0™ ™ 1"/ * ™A "@2
1" B (". 4"+*/%B "+4"El" 48 b *8: W ("?0/EC (+1o( 5
"t4 (™ 15"+Dz" (%8 (". "2 1" " "B cK"™ " " OU-:
W6"2& "'0A O" 4"+ "%,"0498 b " «: W" B @) Z0
(" "+tO0"/EC ("+ V"5 A (. (21" ('K 4 Jd
, b(F & V 4 - 0+4' * 4
"o4mm02(™C ™ 0™ 8m  4/™E/6G4'E . bN™ ™F

="+4/"E/6G W=Q"21 " "B/"6G*"/%B O0OU" 4/"EC 4/"E("105



(" QB "<s"!4"E,. "2 4"+ 0"< "+ 1="+ "<53" .-
, (%a (
"+4"E . 1o (™ 54/"EC 4/"E' 0U™" 4™0% 1" 2<  LKr 4"E .
" 1" """ 1o(™ 5 (" 4m02'" "< LK/ 0"+ B="+7"B 4"+*/%B O0OU
,81 3 ~<s. 4/E/6G}1L*8wO0< 4+4F0B +4
,0"+ "8A.™ 1G BO"EL B "%& 4™+ 14/TE '54/"EC OU™ "E'
O™ e+ I OU™ IS\ ™ D ™&4/"EC O0U™ S0™%a W/ """'E'
oOU™~: C} "G LK™ 4"E . VL"C4"+4"FOB("HDL% ™« %k
("C$" 0"/EC ("I+ A "TG IK4™ (™ 1™ ™'4/"E' 4/"EClo(™ 5
b "™ "3/'" O"BL" W 2%(E t"2' " "TGs™.! 1IN "/'4';"Q/ ,"
(Ct () b*8V 4+4 C 4/EC1lo( 5TGs .
4"+ V™ 2/ (6" 54/™E' 4/"EC "4™02~: C} "™TG (™l+,™
, B B, 4/[EC4'02" 4 C [E<
4"EClo(™ 5 "+4"E . "F*/%BJ" 1"L*8 1 2"CwO0"< 1"<+
4/"E'1lo(™ 5 0O0U™ UL 4" ("A -(MF 4/"E!
T" 1% A 1" * "A "4™(+ <" " ("C4/l<" */%B O0U" 4/"EC
"2 4/ME"lo(™ 5 0™N,0"+B 0" 9IDz™ (%89 1 0OU ™9:} ('/™
Q"B AR™ h 4™+ = ou™z2B"OIB2' ™ ™'0 0" ™0 - "
P'G(" ) Q'BAX'0B OU"+9 " «9x"8 "4"(+ V' 4102
lo(™ 5x"0B4™(+ OU" 1 "28"B "L 1" " ("# b*8 O0/EC

{)



Tmes™ @2 0™ ;84/™E/6G ("&b *"8 4/™E/6G 0™ +
(CV#?10( 5x0B* %B OU 1* F +4Y2< LK/
MMM QM e\ ISAK LM M el M+ 4™(+ ME
4"EC 1o (™ 5 4™ 14™(+ ("C ™)A"N/ ™, 0"&4"+$(" DL%"
14"+ "/2*'18"d $(" DL%(# 0+ "2 0"& " (C
, (CIJd4/E" 1lo( 5'A 4
*/%B O0U™1* "Fr™ C " "TG1"2< LK/ "TGs™.
lo(" 5 " " 4"+ "TG LK" "TGs". 4" ("1" 'lo( 5x0B
P'G4" " NaO KO ™ " OF "+M"B 4" b *8 4E’
1"L*8 1 2™CwO0™< 1"<+4™E™ ("C$" 4™ ™ 0"/EC
. (A -(F (Ca< 4@
5$H S
1"8mO"A* " " " "C WB("2& i "G " 1"2%& '3
"G ™ " "2? L2 "E? 4" " 48)°"N'16 S6.1&
,0Q 1 (5 LB1;0< D..KB
Ji

1. R. Schicht, Handbuch der Kermik, Die Largerdtaet der
Keramischen Rohstoffe, Verlag Schimd Gmbh, FreiburgV.
Germany, 1967.

2. P. W. Thrusr, "A Dictionary of Mining, Mineraland Related
Terms," | U.S. Department of the Interior, 1968.

3. H. Salmang, H. Scholze, Die Keramik, Physik&ec und
Chemische Grundlagen, Springer Verlag, Berlin 1@&Auflage).



4. "Wasserbindevermoegen, Plastizitaet, Wasserbedanach
PFEFFERKORN", Deutsche Keramische GesellschaFT (PKG
Richtlinie 1.5 (Juli 1981) Ceramic forum Internata
(cfi)/Berichte der DKG 4/5. Juli. August 1981, S131

4™ 0™ ("C4/"EC O0OU™ BT "C<0"0 ; 1I' 2™Cge 9

OU™ D "t 1" }i "G ("%F ("C]™ O0"&Ho(™ 5 (" j"<}1™
O™ (L™ | ™4/MC 1" C i "G4 ("%F T" 1" A ("C 4/"EC
N1 OBI T# $%&

6. K. Arani, Tonvorkommen im Iran und ihre Techtsc
Verwertung, Dissertation an der Rheinisch- Wesigaben
Technischen Hochschule Aachen, Aachen, Germany,.199

1™ A1™L*8wO0™"<4™E . <™ | ™C<O0"0 , 1' 2 ™Ce

o"/EC OoU" + "G ("wF1" ('C O0"/EC Oou" ('C4" T

D"t1" #i"G("%WF ("C]™ 0"&F'%T /[/"E' "+1F "< 1’

e 1r "™ 1" c i"Gl~ ("%F T™ 1"~ ("C4/"EC OU™
Ne | BI I# $%& ' 10

8. Kirk-Othmer, Encyclopedia of Chemical Technolpgyolume 2,
Alk.- ANT. John Wiley and Sons, New York, 1978.

































8 +9 I$# 751G -<

S#6 #H!

1# $%& ' 101( (L'

A. Laval

Pechiney Ceramiques, Drance

&" J6/"< 4" O"CL" rT™ " 0A 0"G{0™ ™"/ wO"<4"E. "+
A%E'E " 4" ('C+L0 0'G OFO " O'%)A /<" |+ A, |

4"(+ /<" R"5 4% /" "+, 4"h0+ 0'G*" m 4+1/'E+0'<

(Ct HGL O0G / /81 +1 ;2uO0B1lK B4% 4+ <

? W
"+ "+ 4" ("a%1"( L ™ "B 12(5 1™ OA L "
D=0"dK ("# : b"+ " [(("C4"/8) " 4"+V" 0B u2"C R(¥&4"

" "B ™"/ G 1"L ("C%" 0" OA(™E {O™ 1"( L ™

L ™ {o™™ <™ 0"3 4"+ ,("C¥" "'Aw0"%<4"F L ™ ™ wO0"<

4"+V"fm 4" "'A 4" Q°C ;/* " 0A 0"G**" "+10)0) "C
t)r 5 3/ 0 1'#DO0#

(Bayer) X$ R

"+(™" A8I"%/T J"d "+" MAG4" Bm "Bd/5 "By"

OIIF ’(ll 1II (ll# :I: WOII%< 4IIF IIB ‘Oll O A ( IIE 4IL B4III (llCl_r_l



w0"%<D"F 4"+ 1+ /" "L"E O+ 4" oo "d<' $( 0
/" "+ "' ("O0B0O" OATE *+ b"+( " 1" "d/5 0o B="+
(0B "H -" 18"d "EO0+ "B 0"% : ,0"Q" 4" B "+m
0"< 4"+ YQ0"8" - "B ™ e (™. xX"810" OA("™E "B 0"%
: w d/<
Alum X $ K
(NH,)AI(SQ),12H,0 ™™L O0™" * /[E 4% ™" 4™+ m""
0"GY0"'87" B 0" E% ("++="+ 18"d 4" " w0"%<4F1 OB
4"B " 0G + ,"4"B 0" OA('"E ("# ¥ "Bw0%<4F + OA
(Verneuille Methodg "™ 0A /™E "B <™ m "™ ("™C
(Ct L O0+*" $( T+ %= 'zE'B1l O0A 40
(Metal-Organic) ,:$ - X$ 1o
1"AD™ B-ALO, ("# 1t } B="+w0"%<4"F -0"d? 03 4"+
Y " 0™ & 4™"Al(OR);) (Aluminium Alkoxides, "0™ O0A
D™ B 1™ )I ™6 « "™BJ6<™ +HAlkoxides) ( "™"EOL A ™) 1™

(Alkyl) V" LA™ 4"+ I'O"E " %G 4% ™ 45"B"9%8("C™ "') 0 /

, (C MB
"F4" " " wO'%<4'F *" IZ6'< H'Y0'8D" B L aB +
" 40" OA("E ( ISA™+D"™B " b" , 1" ="+* (" V2&

" 4"+ 0"G "4™ , ") 1" 0" OA('E 4+V("'BO0 EWG4 (A

" 0B1"K "G 0" 0%)A4"H (" " i0"2 DO#4+m (A



4™ Be"%/T "C 4"E . -("F ("C %" (monomodale)” + ™ 4™
b "2'4"+ 0IC 4" B1/1"#D0"#4"+ 0"$" 4" =+w0%<4F + OA 0G
, Hi
$ X$\(

0"G {0™ I="+W0"%<4"F ""+0A "/ wO0"<1™ + 0"3 4"+
9 ™AKP-50{0™, ™) 1" S"T/ I(™("C4™ B="+ "C 4"+4" 1" 0A
(NH,)AI(SQ),12H,0 1™B ? 4™ *NBlumm 4™+°0™ O0A(™E ("#
"+0" OA("E 4" B "L 0"AQ"EOLA* (" m™ ("A™ 4™+
"S5ph " A O"AKP-5N4"02'4" ("1" "% f } B="+w0"%<4"F
H"Y0"8 4™02' 1"L*8 1 2"CD"dT ("C4™ Bm ™ 4"/8)
,02' ( -(F 0Bl
AKP-5N 4"+ "E' /" +w0"dT ca™ "B* (" 4™ AKP-504™Q'
("C1" ppm ("? AKP-5N4™02' "1"d <'V™ ** ("C3" O"<+
19 (". *"8 "H("C%" a- ALO, "8{0™ 4™02 ™1 /["E /¥"
"4" 1"h 8 ("C  )0"%F "+$*D "/'-0"% DO"#4"MgO1l (#
D"™' " "+0"A" 4" B4"h0+ "™ 0G 10"E'zOV "
b"TG " OA 0"G i0"2 DO"#4™+%"E "'0 4" 0"C1" 11" $*"
Mmoo 0"%)A <™  )0"%F "F4™+ '0%® , ")
O"E'z0 " ("/+ 1! Ereeze dryingX" 1" "< "2N'm 4"+ "
0"FO SAPC ™ % mm barZé"< &™ k 1"nPz" ™ ("2N

"y A, 1" V("BSA "T+4"+¢" u 8& O+ A



"™A8 ™ ~F N/m}SA ("' ="+1Ka™ b™ ™+ 1B™ "B 4™ ™
™ " 0"%)A "N <"&+ ™ "N "U0™ 4"0 "™ 'I " "<
" ("AO"F 4"+ "I"1" "N t<m "t ") 1"
V"L V™ 1"%G -0"%K (™. *"8 "+ P¢™AV™2& 4"H0"%F "™
"4m0) ™A™ 0"&("C "< ™ 0G 4"+ (Polyvinylalcohol)
&"™ k\D(" 4"+ ("Cg"G 4™02'" "™ "< ("+g"G 9: MPa "8
(focd / = C/hé& +0 0+ 4021 C
TUNTO"4To2i 1t (o M+ ™M) (™ 0"B 4"™. h4"+ 4«™E' ™IB
" SA 4"hoom (™C ™/ ™4™02'4/™E" 0™ , H"G™
SASH"F 4"h0om  V"T%T/* 4™02' "/ 4/"E' "B 0"3 4/+") 1
4"+ SATO"'  )O"%F "+ 1"#0dT=j4% " 4"+ ™'A ("+1"'T) O"#
( 21 4h0oSA Pz bCOGVT%TB
A" "?u"0B1'K Y V'2& V"B M 4M02' /< 1 + F
Hg-~:: bar, Carlo Erba, Itapf0™ 0™ Fy™ V™T%TB 4% "™ 4"+
, )1 B Porosimeter
b3 c - \&
*E 7™ BILL "D™a5™ / & " (™ "B "/ G 1"L
<M 4T+t M) (" V'+5wORCE A< 4(+ /< ( VLB
, )1 A 2uU0B1K "<4/E' I'<l1L'L .V C
1"K DO"#4"+4"™ ™ g"G4™%?" 1L " " 0G "/8 "@2

"#<o("™og™ *™' o"a™ (™ 0™dB4"™{compaction diagran§ "B



1 M 0" 0OA('E {0™ 1" + " ("0) T 0"G A, /
"4 x"0/ (" ("Ct" 0<+1B "/ "1ld <' * -(FRh4
4"+ (A% % om ok om "+AKP-BN F om o ("? AKP-5N 0"G
w0 %< 4"F  48KP-5N, ") 1" (" 1B ";Bw0"dT ca®" 7"BB "2
VL"C 4" 0"h "2 1g"G4"%? ("@" O0O'<+ ")*+ (+4 B=+
AKP-5N 4"02'4" 1B0"'# (¥ " "B "G "<4/"E' 4"+ 1D
TH< M+ QM2 (MCET (M 6 "M<4/™E  MPa ™8
Ct AB / I< AKP-5N /+1 G
("C1" 1"/ G4"%2F "'Ai0"080"'G" " 4" uOB1lK {0
oG ™ "B1"K ™ D "&4™(™ 1" ™IB 0"G A1" G "/8 4"
"™ 0"G A O0"™FO@agglomerate)™ 0™%)A 1L ™ . (™
4"F  AKP-5N4™02'4" ™1" rT" 7"BB ("+ ("C¥" " g"GV"2&
AN/ M2 J"all 0"< g"G4"%? 4" 0"+ 0"<+ B="+ 0" 0%)A
(1 "B G$ B
"4™+ " " w0"< om< ™ e " 4™+ 2/<™ J6/m< ™
4" 0h "2 "B$ "/ "< /<" " 4" AKP-50,~VL'G " 1" LCA
4"%7? mB" 1"% <I("a%* 0"<+ ™"B0"2 ~ VL"G("C (™ Oo< (™
$2* " 4/"E' k: C " 4" 0'hd4"+ (" 1" ="+4/E' 4+, |
4"02'4" 1B O"#,0'"2' (" " gO'EK " ,B b *8 + (Ck -

k: C ™ "B O0"+1"b*"GV"+5 A" "B1"K 4™ 0"2 AKP-5N



4/"E' 19: C "Bk: " " 1*2" "' 0"*< 4/"E ".B4"0 @
(1 (Gb *8\ Bx.8 A
"B(™MaB2'4m02" " "/ &™ b?"8 D*"B" " 1("+
Mt "AW0"%< 4"F J6/'< "M+ 4"(("C + 4" "'A 0"GwO0'<
tQ"B1ME '" O0"F "+("C+t"2' (* 4"FOB1 " B4"+ "'‘AD ";/4
,C 3,/ w0 +=+ AKP-50 4'02' 1d <' OF
("# F WO"%<4"F "+1 ™ OAM™H4"+1+ /" T"BB ("+
1" +4"+n" /2y """ V'=-0d?F (" 1"2' "3'4"+V" 7" 4/F
(Ct,/ V5< 4'02'1GOL L /< R5
u™ OB 1™ K mercury porosimetery™ A /™ ™+ 0™3 (™M+
LYy "It (TAT 4"+ "%/T " 402" < 4'(+ 2
1B "&4"+ " "[+g"GwO0'< AKP-50 "<4"(+4" 0XC( -~k
(narrow pore "B" + " "?2u" 0B1"K 0"+ B="+ HE
“"<4™(+ 0"FO "™?21"! ("C 4" AKP-5N4"02' 4™+ "Histribution)
(Ct°8 (* 4+W AKP-50
4" ("CH¥ ki nm ("? AKP-504™02" " *?x"0/ (™ "@2
4™02" ™ "+4%% /LN0™ ™ 19nm ("? 4™ AKP-5N4™02' ™ ™;?
mcy" "B* " ™7 4" "Bi0™2 1GoL™ L /<™ ™ AKP-50
"<4™(+  "B3™ "<OL DO"#4"+ (™ $"I1=?" 4" ("CVL"B
4™o02' ™ B="'+""<4/"™E" 4*+™ 7"FO ("(G " ("CH" 0"FO

)1



4"AKP-504™02" ™ ™?u™ OB1"K 1™ /| 4"%? ™b *"8 "+
to,oat /L~ t? (" D '&4'+ " " ? B* ;7 2
4" 0"+ "2 ""?u"2NB ("(G "+ "2 4"'B:: C k: " ?
. Cc}" " o"c1"2' (" " u"2N/ "t 2" B="+
(' 1 15 +«micropore) ;? L x.8 =+4+
"tAKP-50 " "< 4™(+ V'T%TB 4" " "3'4"+ 0"h " 10"FO ( OC +
v®B /trot " 4+ /" "8 ="+ "+Y0"8 ("C fDdAT A
Sl AIME ATl "L (M1 12 4 AL 4 C
*om?i0"080 1M 2 (Mt "+4"(" 1 ki C (#
tm?t 0" 0; 4" G4" " 1BO"#4"AKP-504"(+ "'A$3" bTG *'
v'2& " (0"C" n "<4™+ "B'G " "'A 0'"C1 N B 4'(+
, )1 402 + B=+, / & 7F0
"B™G ™ ™?2u™ 0B1™K AKP-5N4"02'="+D ("™ J6<™+
kVL"¢"C+" D "/ “"<4m+=" " m?2 (M41) (+ (CE O<+
g™+ " "™ 219 nmo ("?x™0/ "I+ 4"+ 1 ™? "+ HY0"81"K
" ("Ch'TG4™(+ $3 "DO"#A"+«"%/T "I+ "+? (C1 2
418" "+ g"G4"%? 1'?4" LT "  0"%)A OF L?
" 0™%)A ™™+ 0™FO ™ ™?27™BB (™™ (™ 15™+,™ /
"+M™B ("C "N¥VL™E™ b *™8 ™tinteragglomerate pores)

(oCL (FP B 0%)A 0: 4+7ZDC2 (L + 0%)A



(intraagglomerate ™ 0"%)A "o woyQmg vVh2& M+ M2
"V'T%TB " b " "+x".8 @'C"/2 ("C4" mesopore "+ 4pores)
b*™8 ™ D ™"™&4"¢"Ct" 4"FOBV"+\A"C ("C (™ 4/™E' b *"8
" 0"F (MA™ O0™F 4"+ 0"< " 0"%)A ("C$ "/ R" h 4/™E
, )1 AKP-5N4'02° G, /| & &+  0%)A +p*+ ;?
5: - \d
wO"< 4™ xA™ " D "™B "+="+w0"%<4"F "+ 10"C04A'02'
4" 0+ 4"%? 1B 'f W6 " "/8 M1t "t o< 0G
(" "@2 ("C%" c "BV"+5 "<4™(H+ /<" 0"%)A O0"F "+J6/"<
tQ"B "0"%)AVL"B "+ ("4 "BA 0'G* %/T C 4 1
R"h ("+, ") 1" «"%/T " /| w0"%< "+1 " OGN 7"FO 4 (
" 0G,” [/ wO'< O®B"1L " "< " 4™(H+1GOoL" L /<" * "MA +
(™ 4"%2F 0"GwO"<4"E ."84X 1B O0"#,0"2'1" + "+ <"%/T
1" B4"+ ™A " "8 0" 0"B2'w0"dT ca™ 1 2"C7" BI4™
, D>5
iJl
4K;"# 1 2"C 1™ 1"8 1"2%&4 ™'I1"8"E%) ™ 8 ™ 4
.

2. JL. Henry and H.J. Kelly, "Preparation and FRmips of
Ultrafine High — Purity Alumina,” J. Am. Ceram. Spc48, 217
(1965).



3. A. Roosen and H. Hausner, "The Influence of €ssmg
Conditions on the Sintering Behavior of Coprecigth Calcia-
Stabilized Zirconia Powders," P.773 in Ceramic Persd Edited by
p. Vincencini, Elsevier, Amsterdam, 1983.

4, D. E. Niesz, R. B. Bennett and M.J. Snyder, €éfgth
Characterisation of Powder Aggregates,” Am. Cera8aoc. Bull.,
51, 677-680 (1972).

5. F.F. Langem "Formation of Crack-Like Voids andyglomerate
Mobility due to Differential Sintering, " P.635 inCeramic
Powders. Edited by P. Vincencini, Elsevier, Amsaangd 1983.















T$#/J< <?, $#K 7 < LM 1

$SH $, 2?2 /| G < #.-

k ?2*" </?3

i' 0 oG | (L OG

, 1 *™E+™ L ™1™'wO0"<Dfu" 0B ("™

o™ D fu™ OB ("™ tQ™B "™+ [™E)D™..KB

, 0+ F L
o "," ("C ;™ 4" 0"G 0"&4™ O0A 0"G

"+ Au"0B Df ("™(CS "AV"2 +
™ S"A" wWQ'B1'0O"M "

| "X? "
;/Ill

" /T

A" (") "IB*™ 0 1) Gm
( 1 ' D fwOdT ca A d<CID fu OB ID f
? W%
(" A8 "+ /"CH) tQ"BV™ 4™ &™ (" A8 18™d 4™ o™
“‘Au" 0B Df (™ " [ " AL (™ "t -t 4+ VHR? < <

2/<™ ID f (packing)b ™~ 0"K' ™+ 1 *"E+ tQ"B f (™OE"C t"
&™ 11"8 h 1™

b *|l|8 *m / m

VL"'C V™? A "8 V"T%TB
"+g0"L! "E' A'"N' R"5 *'"I8") "3

("+ (densificationy/ "E'
4"+ "TG 4"%?

"+ /"8 "'+ "B* D f4" 4" 1!

+ £

(A



<™ ("A8 ™2B "UAU™ OB f (™ 1 ™A *" 4™+ 4"FOB "+
" "+ AD ™ ,B D fu"BD"AL1" + 0"K' 4™02' "X? ™ L "
/" "+ ("C4"BD"/ ("4" "+" OA 0'G " , (C4U S A

(IIC 4IIU A L] A D ll&6h $ll D (rl ull OB (lll I *m Olll 1)(ll G m

$,?7 IX$< #.- $@ <72, \ (
V("BnO™ ("(F "42" 74"+ 0"<n0" V™+. ("C (N0 4" 1'"
0" (Huygins)P )0" V"# 4"+ ("(G " 4" (1A 0°F 4"+ 1)(" G (aC

(" "F4"I(" 2 0'<+ " +JL'C " 4"+u" " "8B 0"1/5,

" BM" " " "+JL"C ")) *+ "C 4"a IJL"C 0'<1"( OdB
4+ "C " BM". "™ 1" (" 0'C1"4/" AD(C y ('B4+4 C
«I">B ("2 4/"C "8J6/'< $" "+4" ("% 1 0 0<+ %&4+ (A OF
4"+ 0" "8 0"4/ " 15 (" 21" 0B (2 0+ 8% I( 2
1'0'" 4%"#8 m0 "< "C "" DO"#4"+ fm "Gb" ("+/+ f
$.J'E 0" "+ ("AO'F 4"+4" " 4"a+ " "+ QB4 )1 (

1024 K f ( C

d= 122_L
sing

4" 1"B f 0" 4™ 0"T' (" ' (Fraunhofer)80™' 8 4™a+ YO"S 4™a+
, )1 : (C+0n0-0h N*+ En0-Oh4+ A ( E

$ aC\&



")0"% B (. 1" A "84"+ " 0OA"%T8$"'3& b"T+V ("B + (/+
D "? 9. CD "?4"F &"™ D™ 4™+ " OA &BO+ O0"G "
S"A "+" ("C A -("F " 0A 0'G1l 2"C 1"L*8'BOd<{(C
1" 0A "4"0%) " OAG1""P"F "+¥"2BDO0"#4"+" 0A 0"G
-("F "™ 4"0%)D"dT -("F SA 4"0%)I| 0"G (. ("C ;"
[ TIVKE ("O+D "&7"'BB4M02 " S "A"%T "' )" (A
S "+ m4"™02'D fum 0B (™IS "AD"%2&&™ \ Ikl
"+ (" ) ™IB Fritsch Analysette 22/" x™O0BI*" 0™ 1)(" Gm
“5 /M 0"/ n0O" "t "KB"+ " 4m02'" . ("/+
tQ"B "KB4"!t 4".5 D(" 4"+ [" V'< 4"02'" "=( Pz (C
4"™02'™ Df (™ u"(QB8) ™51L'™L *'2 0™ [/ nQ®" ™*2
) ¢
b3 ¢ -, \d
4" 4™0)"2 " ("C VL"C 4" " 0A 0"G 1"2NBu™ OB
"+ 0"G4" +("#9: ("C4t" "/ L = " Df("# 9:10"Q" (
(Ct+ /L
('"CS "A " 4M02'1"12NBu" OB "+ "2 DA* ("A " 4+y [
“o(MC "'7"BB4"+ vL"C &™ \ kI I [INKkI I ™
S"A{"C Vv"54" 1B f4" YI"M /" ~ VLC VLC 1 +

VL'C "B 0'< "F$"$" ("C* "t +I("0"+1" 8u 0B geA4

D f4" (" 1" "3'4"" ("C "N+ F~"B* " ("}%" 2E5 4+ 112NBu 0B



L"0" D f "B $'N?2("2  <I'XM"' /" + (B 0"F "%& 4"+C'B
w0t "B f (" b " V'+. ('C "<Df4'N/ (L'CL
1'"A4"+" Df4" (4" b" "NA'B* Df BOF 2?2 Df(C
1" 8u" OBVL'C ,0"Cl" " * 0"<1"Bf LK/" 4"+ " (0"QL"2' 4 *NB
" ("C$" Df (" 7"E? "+ ("CS "A "4"02 4" 0"G @6 "
u™ OBnormalization)("C "N +(™ f (™b™ &™ VL"C ™
(C4 1T e0OX 4+ K
d0o "+D " ,B"," ("C "' d90, d50, d1D " ,B VL'C
0"h d10D f (™ 4" ™ 4"+40B "+4"N/ |" [ ("890 "+ V5 ("?
Xx"K Df™ 0"+4"@ ~™)0"B" ("+1"2'1'("~ ™ ,BS "AD("
8 (0<b*8S A ( 022 S A
4°N/ OB KVL"GS "A ™ "+4™02'"Df (™ '~ D" ,B
("C1=0"h (™1"2 b"'Df("C* S"™AL=0"h"™' 4" "8)
(C(0<J# i" @2 *8 d<' * +S A '
9QVL"G ™ "+ O" ca" D" ,B&" k [}S"A4" "
V" 4" JBM< MM O0"<+S A (" ™' "+4"E . "2 7"C
(C+4 402 C DfOF1 8
A "4"02'4"+ MO"+ ("+4™ "ACn(T/" D"&6K 2C-(F
"BS "AV"2&u'5 4" D'®I /" "A*Y0"8-("F4"a ," (C

" 1'=0"h ("+4"+ A "™ 4/"C FO"BV"+D"f ("C* "+1" ! "



%L"C4"a 4N/ " 10'+QqT tO" (""Df ("b" S"A
(A 4+* Kl
5: - \A
(L 4+ y/DfuOB ( S A tQB 4! a
(ocl* /+& +S A4 1& C D f
"; f (™Mb" S"A "D *8 1" " 4+ (PG
,0+ ( OT'
("0< /™" +S ™A (™ (0"Cn"<S"AX"K 4™ * D f4"@" *
(C
( 02'v;? 0O<(singlemodel 2 B(" (CS A 4'02'k
,0CL BG 4'02'1' 8u0OBS A b *8 9
" 24™+S ™A ™ b *8 "™+4™™ 4™02" D f1™ 8u™ 0B

,0& * (normal) N +

Ji

1.B. R. Patterson and L.A. Benson, "The Effect awBer Size
Distribution on Sintering,” Prog. Powder Metall., 9,3 215-30
(1983).

2. J.S. Chappell, T.A. Ring, and J.D. Birchall, riRée Size
Distribution Effects on Sintering Rates,"” J,AppyBh 60[1] 383-
391 (1986).

3. J.A. Richards, Jr, M.R. Wehr and M.W. Zemanshyipdern
College Physics, Addison —Wesley, Amsterdam, 1962.



4. R.W. Kenworthy, College Physics. F.A. Davis Camp
Philadelphia, 1961.

5. J.D. Stockham and E.G. Fochtman, Particle Sizelysis. Ann
Arbor Science, Michigan, 1977.

6. M.R. Spiegel, Schaums Outline of Theory and Rmb of
Statistics. McGraw-Hill, New York, 1988.

7. T. Allen, Particle Size Measurement. Chapman ahiall,
London, 1981.





















, </51,

5 I+ HH V$?3

u #D

"+4™ 1™ (ME 2™ "L L 7" B WB("R&;BA "M (")
+"+ (™1™ "+ 0"<l1'2™ "#E<(0™a™ M0™%T *™' (™ -"I8 0"
(C+4/C *"1,%/T + 0 4 C 3/' OB
1" + 1'=0"G '2™ =0"G4™+MO0™+ "B "+ 6™& "X?4™ .
o o" ™ +"™ wO<I7BI™F ™ A(™OB J"d 4"@TB

, (0< 51 + 4la

? Y%

"+$"E% (™E ("C4™/<() cC4™m1G 4g4m -ty 2™
" A1 "(+"A('"E $ O0"A("E I$"E%"E 31U (E
("om' 4" Oo'Cl" 1"E"4"+V("BSA "+7" B"t SA+1 BV
4"+ 0"C T"SA™ 0" D "N ( "E@+ ("L 4™+ 4~ =C 4~
4%"#8 ("10B4" 0"l 1 LK/" "@'A 0"< $"N? v";? X|

(+ 9 Kg/lem®V5(? 8 .4+ \ 1
H* " 1" 1"LA 0" VL"/WB("2& 2" 4"L ="+¢"1B4"+4"FOB +

1U "M0"%T D™ B"™ gj"< "A," "3 4" 0" A(™OB "+



(0"cl” 0'G "<Pz" n T/ 0" " (/+ ,0Q" ?
(0QL 4H,B TG$/E 4+I1L*8 1U 2C 3'4&" $3B PG
0" IL ™) b™Gt" 1%™# 2"E54™ VL™/ 2™ ™ TG $/"E
P'G (0'C" 0'GDO%#4'8:C (?1" "™+ 0 L)bG , <
0" = C ("?1"B ?4"F ™+ 0" 1"F <+" ) ™D "?- "B
-"B 0" "+ (" "F 0" "FJ6'< ") 4%I'C 0" (0"Q"
2" "TG4"a 4"+°0°0  OF 4%!'"C4"4"a (" 1"D ?
DO"#4™+ ("C4"/TG 0" 4"N/ A" « ™ "BSH" 0" ("# 9
("?1"B ?4"F "+4™ " (" A" (clinker) "L % 4"+°0"0 &™
T<A%? 2 4" (M4 4%? " ("H) " G 4%ICk9: C
(74" "L % 4" D "?4F 4".5: (1" 4%"#8 | u (C
" " 81 (quenching)(*C ™ u ™ ™ ™ "+ 1"b "™ = C
f," "dT (. "+ "2 "L%Pz (0"Q [BL% (CVLB
, 2 0G 2 4%#7?-0dK (O0CL 0G 2 S A
™~ ( " VL"C " 2" "TGS$"E (" " ' VL"C
BO™#4™+ ™ SH" 0" 1"; BA ("1" 4" 0a'"2," ";BA
4+ 0" 1A 1807(0"Q" n "< ";BA4™ IVL'C ('C  'e%/T
(0"Q” n "<1+"BGDO"#4"+ 0" "0"1& (0"A * 4  ()DO#
, 0 +DO#4+1&0' <=+  N; DO#4+1&0

("?1"B ?4"F ™ SH" DO"#4"+ ™ 4"/<()0™ 4™ 1&0™

1"<+ j(o"A" S"BG "E < 7"2+D0"'#4"+ '"AB" D(C4%: C



I "#(? 1'B ?4"F 4" " O"F "+g"2B "t~/0"% 9 {"B B O

WB("2& O0"E % 7" B 4"@®'Q" (quench) " D('C 4"+ 4/<() 0

I"E < 0™K' o™F $™ ™,; BA4™ 1"F< ™ ("™7" B
"8VL"B4"%? "+ " 4+"Bd"F ("C " BSH n <4%? ; BA
"TG$/'E " "< "L% " 4" u" ("C "Pz 2 0 SH

"AQT ("CH1'2" "< 4" "C "3/ O'B" ‘'K (+ Z 2
("E 1'2" "#< 1'";BA " ("25+4"0 {0" 1<+ "E $
-"g " " . 0'F (activator) (" -"18 " " 4"+ ' #< +
(C+$E% (E} A 2(+W * (
0" "+ ("C M0"%T V" 4"+ AB("25+ 0" 4" {"BG 0
4™ 0" 4™0 4"%2F¢ 1" 7" B ™ ,B1"#<x "C ("Cu"5" "
L+ JOB OB(C+1=0G #< ('OB
</R
SH' "2) 1'")'n"<7"5! 4" (/'E 1'";BA "N; 1'C' = 0G
DfVL"B¢&+ 0" (("C 1'")'0"8("A" 0"FO+ ;"E2B 4"+ ;BA4
0'F0 ") 0" (* 1" ("G 4"'C"? ('C " & 4+4 0C1 *
0"+j0"G4™dT " ' 4" ("C"'A * "+ 7?2 "A(G"&+D f"
n"< "N oDO0"#4"+4" 1+H" (0" 1" D f4+ [E) O ca /C
(™ ("C " "BM"EA4" ";BA /"E < (" 1"2' = 0"G (" 0B (0"C
h"< "2 4™+ (/"E "/2 4" CZ*"E "2 S"? ™ =0"G "+4"E .

( A+ /21 BV



" ("™(G  V"™'# fpyroclastic) A fA 0™ 4™+ J0™B 0™ &
““D™/x " ™";BAD "N; (™M25+ (™ F 0" 4™ (diagenetic)
" (" 0"+ "%&4"¥IBL%" 4" C, ") 1" Y6h | 4/CH)
"c* (™ ™ 4"B ( 4"N/ (/"E -"8 ™"E+S0"h x"™K W "#0d<

to™ ™ ("(GW"&02N 4™ (‘0"CV ("BD z" (%8 ™ ™ OU 4™*¥L2
" =0"G "2wW="&1 " JoB +"@"E ("L "N O™ ('"EN
(/E (C OU
, <I# O
“ ("c4™y -("F ~,,g"B PzO"GV IIC" =0"G7" B ("?
1"[%[ )" 4" C 1 0"AlI"%wBG2" "+4'E. D" B" 150
" e"0/T M 1'=0"G 0" ¥v%'? ("'B" ("C VL"C
)T "ogqro2t M, ™ 4™8) ™5 1Lio™ V" %KB *MB 0™
2"C-("F "'A O0"FO *"%/T =™ {0™ kVL"C * /"
" = 0"G 1Li0" 1 2C "3'4"a. 0"C' 4"3?6 4" 0"'h4+(' (C
"K ™'A 4%L"/ z*F ("# 7T BD™",B (/"E' " 7" B
, 1
, <l 2
o™ " 1=0"G 0" "+ "A"+1" BV" "11=0"G " '8
™ P"G4" ("A" O"FO+ ("(F " 87" B™ "t ,” 1'=0"G "/8

( 1 +1L'L . 0< I(C



110080 I1™ 1 2"C7" B "B &1=0"G ™ 18 t™ V" 0&
A (. "S"A V. "B?1"'I1 "E "84"+4" C "8 E
&"™ | "C4"™B( ™ 8VL" B 4" 1"+A".( "@2 ,("C 48 "X
, t$E (CT m)
, </I# pQ qO$
iT "B "tA 0" ™ ("C{™C  1=0"G 0" J"d 1T "B4™ F
: 0"F ~ [™E) 0™h z *™%/T M™" ™ "oo4/<™ 10L™C+
"5 0" ("2("! " "+ ™ 0"B'° 0€/"G OL'C+ $"3& (! tA62R
"c " 0/ " "C4/<™ ™ +"" 1" ("C4/<™ b"G
"o ™25+ ™' e"/T O™ o™ $" I("C¥" ,, "V"GI™ BEBA
1"L 4"%2F ©o°C ;" 1'2/[<"c™d 2" {0™ /<" "+1'"; BA
(Golden Gate}l"U6h V"G $/"E+ "5 ("C4/&™( OL"C "+ ™A
, (C4/< 1'=0G O(# 9 ? 2 +4 OLEE ; y%<
, <I# pQ #$
"= 0"G "FAJUSIMA MC [t j<m e mmo
4"%2F 4" Q'C ;" "%/T " DO#4"'+1=0G 0" & ( 1
T+ 0 0B 'A
A =0G D6
M0%T 2 }(%BG= 0G 2
A =0G FA

S 1B ? R &I0OE'" A8 Kk



, <I51, r+O 56 ?
" 2" I"# "+ (blended cementy0"%T "2" w"< "2
4"+ " (" ("C " % 5™ 0"a+4" 1B" B O4&( *8 0 4 & 15
2" 1" "< oO"4"+1(/* E1MhU<f" u"™ (U 0DO#
t/E * 0O<+ (C+1
(0B %+5b *8

<0 i'Jd 10F 48#
1'E' ' 10F48# A-'4+ +Db *8
{0/ 2 4 X&(OB{OBb *8

2 (0B 8qn<$ u b*8s L #8 4U
A4"N/[ 4™ "L % (" OBL™T++"H"™ ™ JH"? " b ™

0+(0< UG +t4 *

XxB" 8" G 2" I"™#D (" OB 4/"C 4"+ MO"%T Z™ ("C48"X
,") "5"3' 0" ("OB{0"B 8qgb *8$" " 0&4+
1" h U<t o+

2(+1'A +

"+ 4"+ MO"%T 2™ 4U (OB + 2 !#
(21 1'#D! X

I("6 8 "3} 0"CL"2' (" OBr "< ("%BG 2" "'A (4" OF 1U 0

(" 1" (" OBMO"%T 2" 12" u "# B4%"C p0" *0 Ib "h I(UO

og™ ™ "3'" 0" " O" w0"<4" 0" MO"%T "2™ "@2

T

I+ HG



QVLGSN? * [+ 4+ /21U )
| + (+SA
"4 " "+ 1U"%5 " b "D;0" SEUBV+. [+
- VLG
~ VLG=+1U "
"N+ $" r U< (M%BG 2™ ¥ O"B™  MO™%T ™2™
,+ L+ 1U=+(0B4* 25/ 'A< 4 O 2
MO"%T 2" OB O™ “"2B IZ [/ ("A*"N+2&™ ™

r<(%BG 2 * FW6

T 1 +4+ ' =0G 1 070
(
<

4'< 4+V2?

4'< <f Kk

MO0%TbG L 9
< I
" 0'G4A")(F("+"A4"AG-0€" " ** N | 0G
+"+40"Cl" 0'G 0" 4"+ = 0'GI"L % "E+4 W=02L % + MO%T
™)y "r 2" ("+ 4" ""b'T+ =0GI " 0"G MJ>% O#
"o O"F /" +SA4"+ "' ["+ <" 2" /" u"50

, (0<1BBL N 12%& 3'4a.



$# , </ ?

4" " 1"T+"B O0'"F 1=0"G 0" 0"F -"2/? "M".!7%0
"o4m™o " 1™ BA ™ (™M25+(™58 ™ ("@"5 g™ ™0 4/"C
~emrm o ="tpA 6™ IC™ LR+ "LB I B & ™ "™;BA
4™ 0™+b™G-"99 ("™? "™+ ™ ~" 4"NIHB""N+4™a ™ "™;BA
x*oBJ™/ ™ [("Ce™ " 1= 0"Gw0"< ', BA "("™25+
~"K = ""+QAM™ 4"%51 0"? ™M 4™ 9™ "HA(™M2F /™
4"+°0"0 AfA 0" "<fS"T/ 4+"N J"/ " " G"8)DO0"%#
('C I 2" 4" < o" " 1" ("~4"("C FF4a ¢gB
9" -0"h We6"2& ("C z" 1"C04'8& (M " 1 (" ( +

(CJd -2C 2 2DN< gBB *9 (?-
("C4"/8)1=0"G """ J"d 4&"C (" OB "+%$2"dB " B
D"N'< "E+ ("+ 4"+ "B "("C4/"CH) 7" N ("& 4"+ O€E
("™02'S0"%a 1= 0"G 0™ /8™+18™/ 0™ "™N' 4™+ ("5 2™

((C1=0G 2 ) (OB4F 'A (B

[ *"< 4™ 1 80"#1 (™ I-2"CIl "B 2™ D"N "<
(M?1™ 4%m#8 ™ (™M 1=0"G 2™ (™ 0B4™+ ("B "CO
"BO0"% "/~ ("?(" 0B "+ +#WM"(("CJ"d 1'=0"G 0" "B *("@
0" "+D "3 O€"E 4" *"%8 d'lu "#V" 1"8h , 1'=0G 2

T "N G eC4+1B 6 (& + 2 DN'<

1=0G 2 (/ (B F (/ 4E0 + L2



(OB 2 : +D 3
) Jd 4+VOKB m 8 OK'-/
Jd V210/ 4BO03 4+4 D (5
4h0+ 2 %)+ -0dK 18!
1'= 0"G " 2" S0"%a (" 0B "+4" Q"Q" QB4"/L' " "+14"2B<
4" ™ = "E+1Li0"OLB1"8 1"2%& 1" +1 (/" ™;

["E) " * "E+ "L2 J(" " 4™+ (" " 1" B "X 4"%2F

, 2 DN'< '+





















) - 55GC ?,/

S V$? 3

* "1 C 2! (L'

1"B  i0™OLB ("J™d 0™ 0"&4™+ ™ "D ™B 1"L ("C

' ("B1&0™ i0"OLB ("C ™ 24" ™ ™  i0"OLBR "< 0"

4"0B "T+" "+1"2 1 "2 "+ 1M h0h4+ " 1/ (0BV LB

Ib'0"+1"'B ‘K 4"+ i0"OLBO" "3'1 0" 4" 17?2 ,)1VLC

7UFO 4™/8) "5 A "¥>B 0" 1"%< 4"L%+ “E"{I"0B" ("B
L)1 A1l 81 4 ('L<

("O0B "C 0"8 1%"CO) "™ "+4™ " " Tyl "

St4me 0™M1MC "S5+m "&™1"B  i0"O0LB "+ " 1"C"1

, ) 18! 4+NB V#?4 +S!

? W%
R" 0" 1'B i0"0LB (" J'd 0"&4"+" "B ;B 1L (C
1/ (" 0BV" LB " ("B1&0™ i@BO("C " "2 4™ ™ ™ 1i0"0 LB
(/81" Y™B 4I"0B "T+" "+12 1 "2 "+ 1" h 0"h4"+
"E'1/" ("0B " (Bb'O "+1'B ‘'K 4"+ i0"OLB " 0" M7
y" " 4" ('L"<7'FO0 ") 1" "BA"+ "SB 0" 1%< %L

,0 Al 8



1"COA "3' “0'+-0," " "4+ * 1T "B + 41 *G
" " 1'C 1" 402 4PA" S'E? 4"+ 1M+ "2I'$ "+1 OG
<" {0"OLB "3 11T "B " 1" 8 "/%+5 4/'CH)4"" 0<+
" V'LB 4"a "+1'0 "E+714" ("'OB"4"17? ( 2 *U?*
1'C D'N'< 4" $("C1'8h("4"/8) "5"/& 0 /2 |( ASE* 8
(" 0B " ("4™/< G1!™#(" 0B4™+ ("C *" /" "< 4
+" ("0B1T "B %+" 4"+ 4'FOB+"a& < "C ("+'W=0"2/#
1" (" 0B ("BLN"#(" OB (" ("1" "3'4"" 0+ /| 1
b*)us , ("("0<4"0@ A"+ " 1" 8K E'
1" 8110"+I1"8 "4% "C "+1"/ "m ;" g" +4 (OB((F iOOLB
" 4/8)D0"#1"+oWB("2&1'B OB""+ + $%"EBg" +4L%+
1" 8 1"2%& /"dTC 1"L O+ "+""F 1"? h ™ 4" 4/"CH)-" 4"
Vi< 1" 8" Gt "+ 0 "™1" ONFMEF ('C H") 7'N 4+ /
"'51T "B " +" (F'E "4"/("'2 " G™ "B("A+mMi¥<
O+ ™ ™+ ™ YM™1"C  4"A),0"C - (" A %UE4™+ ")
1"C Y" "o™ 1"C " 1" ">/5 " D "XL1"F " "
"B V'#? S0"%a 4'N/ " 4"NB 1M%IT ) T A U
(" A8 "+1 "CA("+) H" 1/"# " ("0BD "N'< 1L +4L
ottt (°C ("0Bx'< 1"F *("CO " (OB
J ™/ (" 0Bx"<4™+ AW ("N ™t x"X 0"<1" 8°"G $" "N

(C(0< C A4+(+ [2E5 4§ ) «4'



-Ct: 6, \(
"4+™ "F "B0"8" &R"80B(™ (<I116™ S6".' - 4™
"%/T " 4™0) W="3F 4"+ NB «"%/T 0"#4"+ 1"C J*d /" 1T "B
t2C+ VLC4+ 10B * 1/ 1T B4+ 1C +
# C R
1"C 4"+4" w"<VL"C "™ " "+ "B b (+1C
T°X ,*" +A (" +4™1%"¥"C}g("E "C V" [ I 1" " 4"+ 0C
( * #4+ D6 22 B 4'fl1C ua. $8cm (?1C
-1 u, C K
DO"#4"+4" 0IC VL"C 0"K'4"+ "TG V"5 "§WuC {0
A'"EF +b" 1"+ " IB4"+ " (4" 1"2N? D 0"# 4+ «%/T ?h MOa<
4" "1"C " 4m02("C+4/'C " J"d 4"+ "'4"L'A"+ (0"C )0%F
(" S ™C4m (4™ /] 0"B"™I(™ O0<+1="+1T ¥B 4™ 8m
(OC N ¥m 75 i +('0B4EF+m0f * h$5
C C v
") 4" "1 "C "4 ("'21'C " ("0oBO"C 4" O
4"+1"K e0a" "F4"+4" D "B "+I(0C (" 0B(" 1/ (OB
", M1I"$"BA " b"™ "G ""F~"TB} O/"E e0a™ D O"#
"8 +". ¢ "BeO" 4™<1">+ " ("' ,0)A"Jd$ o + 1C
0" 1"C "™ 4™02"E'1="+4"B Ww=0"2! "= 1"C"3' J "V

"P'F$ 7l " o=4m<* 1 85 4# 1L 4@5h



" S"R"h 4" " VT%TB (", 4+ Aua. | $EF 1C

,0C $LK 1
$#MGC5!C n
w"< 0" "+4" "™ 1"% e™h ™ 1+"BI"C ™ "<VL"C

"C " "+ "LB " 4" "" W=0"2! "C T0"a" m ;"

" (", MI" 7" BI™A™S$ "8 " "t " 4"&02N 4" VL"C

"F A'EF+b" DO 4"+ 1 [2'ER1Y4"/8) 0"<4+1#<, ('GB C

(" S"C4" ((N'E Sf"+ " 2'E5  0"B" "C " 402,0C

TV " F "gi?4ar 4+ 1gn?en " 31 "h$ 5
$ F S6' PG- I(C LC

XXC mw

("?*" A-0"h  T"X " G"' ("?W=0"2!1"C "
) 0" ST M)*+ ("&K'CE 4" fVL'C 4"+ Aua. TF
uTa. (~ b*8 1°C ")D6" "L "B "L~ "N "Cl4™) {6"X

11" C1™ 4" F 4/°CH) ("1" V5("?4"+ D6" 1"C 4" f
b"COG {0"X0 "(* 1" b " *' "+ 2/<" V< 4+ "+ J+ +0h
m 4™+ DO"#4"™+W=0"2 ™I"C 0"<+1"#< ™2  (")1™ +
(" Al O'F 4"+ 1 "+M0"< " 1'96.C (0"C" 7" B$" "  2TB
L™ 4"326 *" y "F(F"E (" )1™ +b"COG OIB 0"C ™ 4™02
"3 A + " 4" (01C 7" B*'~"FAS"™ ("+ "C "+ ™ "C

Mx"K "t "E2 ("'2Z w'< V"=, 1 "L%2&I11" ¢+I1 C1



" "C ("2& "/ "+ 1™ + "2'} ("C "2Bca" M"E'b " "<
1'2/<™ 2" 4™+ n "<(decorative)] "# 1™ U*B " ? 1*C 4= = "
DO"#4"+ A"Bw™< 0" meoom ™1™ v 2/ (constructive) ("C
S L
y C
" " "™ADb "8A "C "B P"' "B4™( 1"L m *

4" 1"C «"%/T D"la5 V.I"E 4"as54" [ " p .ttt Y !

x"0B " J" *"4"2 TB4"+ 0'" 4™ ( 4"2TB (" 4"+ "'A1L"0)1

4"+ $" " 0" P"G 0"'C1" ("C B4" B "+4™ 4™41 B ("

16" " +n "< V'< ela" y"1'"c , ") 1" 7" BI"2TBD 0O#
ym "n,"1"1" 8 " GV"?I4/'ELC 1"K O/E D O# 4+
"M A™< "3 M ™' "+7%C D™as " " " P'". b "8A

" 2%"E (™ <™ 1"? hI$"ENB ="+D ("5J™ 4™ ("1™ VL"C

, C *Y2Tr (NE 1%# S K 4+ 10B'02' 0 & 4+
n- {[[$ 6C

"< "C "+ 0" MM +4"%/T mO™.' MO™Ma<lO™C ™
P (A T'X 9“9 A "+ u"+ "<w=0"21(0"A" 1"C . 4/TE'
mo*. (* 1" Ss" "+ 0" 4"+W ("N 1"CR"G "< "C ("C#&"

1" +e0a" 1"K e0a" ™ ", " 1'EC +" ("1 (G MOa<

™ 1("C+("CO<b+"B "+ Jf+"+s™ 4" 1 " 4" F O™ 4"+1"+

o*cC 4"+ A "+ " " A//MELC "8 "8I " 4"%h-"2/[?E"



lo*a* ;" 2 "S" f")S"0 "F4"+4" "#!" + " "2
1"C 4™+ "g'\™ = 1"C "/ "B ("2& ") 1" 1™ K+ D("C 4"+ {0"X0
m20 3+ " 3? (N"E "eomo4m™oz2ym "F &M 1™ 1 Y™
( OBL ~#!
n-) {[$ 6C m
1"C "F4"+4"D"B" "+" %= ("C C 04CW .BIC
(" 1'C(+J"d 4" "4"< ("0B "C 11/"m 4"+ (C(OB <
1"EOCO< " " "+1I"™ (", 4"+w=0"214"1"C ", "1
( 1"s" "+ 04+W(_EN "AITT"["PZ" ( 11C!
Q"C A I "G 4" B w=0"2! “"+m " Im "
A<+ 0% 1>+ DB m t 4™02." VT#E "+ "dTC
"E+ "C m " (" * JIF(" 4M+SM?=((F "+ 0" 0'
A"l w'"d/< 0"<4"+1'0L"E "2! 1"#< " F " - (/
t "him™.' (" 4" " " L"C ™"C ™ "+4"E .
"Jtd (" 2°$"3B " 4" 0"<V" 4"+" ' "X D(C('OBL Ma<
" i("c " "'A 4" 1 "C *F4"+" Vv'QBV"+5 2/< 1' +2'
"gq K+4" "8 0"B" L'C " «"%/T " 4'0) 0 %/T M.
, |+ T*%/E 'Ad4+uF 3
+] \&
4" %& 4"? 1 2B"s,"AD">? ™ A1"™ h O€"EI -"

(e I Vi 4" "F 4" e"n " (" )-0"K 7"N 4+ *



4"12F 4" 0" 11"%< 4"/ "™B"5081"! "+ 1/2"E5" (C F s\:
4"+") " 1"%< 4™y " 4"@5h," 4'E+b") ;1C i/ 4
"t D">?"G$/8"$2'dB "+ Vi< 4"+ " ("C FY!Y!DO#
wo"'dT "0 v*? "+10"+ ("CZ"' B"<,"AD"8 " 4+4 ~ g(5}
vh? 't T p ¥+ 18" (" 4AW w1/ "# 4" 1" pPO™ "G
$ 4U 0  +183! xT $ YO D B
t 34+
5":< #.- IR
V') "4 "%) 4" "+ "E'AB 0"+ R"KBV'+51$" 1' m
,0"C 1"%2&C "F 4 " : ("5 "+ * ("6 4™ < 4" o"C(("'2
‘K 4"+ "Fm ™O0"C 2">B "E'QB PO/" ""MGX"< ™0 V"?
%"E'4"+ (" 0"&4"+-"2 2B'("O0/+ "G "B O"" ) m ItGA
(-1 (A
s 4{-C,[ < #.- K
"+S0"%a " I C B(™"G 1"L ) (™ "3 4™)m "
(' (GS0%a D B S0%a .,
y C < #.- o
V'dg 4"L'A+'C " 0"t X'<"0OVE? "1l m Im
", 1" 4"2a x"< "0 4"+|0IC MO"+ x"<4"+4"@'A I"€"j/"
,C(7 B 1 0%F S5* So F PG 2TB TX

[$ 6 C < #.- H



™ +j(™ 4% "#8 4"+ 4"FOR™G " W=t0"+ 1B=L"C *'m "
m 4'+1"C ("OBD " B "+tW"' 1" S0%a " "G4~/ (?}
, 1 ((B VL  0'1( W6 R5 Il
+] m4 $\d
4"+ "L 4£"/? "B 0"+ "N ON/"EF , ™ "L8 4%€"E " D"
=ty L*C " "84™ )" *"C ("B W="2/? 0"m
1" ,"+"1"G "F $ "L2 4%"#0? ("CJI"# """ $" F A
wmeg ot "M (" "84 M+ , "L " (""4/"E< T 0<
"+A "+" """ b "Gi0"OLB 1+0< "L "~N1%& ;/
"X V("B "+1" ONMEF (" + " o"X " "3 47) 8)
( A + D05 4+
">8 ('K " +" 48" G 0" 1<+ 4" " ('C(
" "%+5 " 4';"QN 4"8) "+ "Cc "2l ("Cn "<1/C(+
1"%I8 VK" =12 ("54"< "? " 1"G W"#0d<I(2"C ((G E+
"+1/" m"8 " FA "F4"+ 1/#Ss" ("+ " ~ [ 1 8S
"3 0" ("(G",("C("&S0"%a 4'N/"1 " "FH "J"d w<
A4" <" 1" h1'" e+ (T 1T UT 20<T 4447 1 "7 d+
" 4+NB4" g"E? (" 0<1&0" ("(G " "+ 0'B" E'
(L™" 1"%!'8v"K 0" 12("54™< "? " e"h S™ ("+ "
(" 0B " 4"< 1"L 4"¢'C ("T+  ('B* c 2

(" OBx'< 0"+1"h "5V'QBA"la 0" A("O0Bx'< " 4"F*



0"+ ("C A " 4™+ ("C4/<""h 0" n "< 1™<J("g" +
L8 " I("C+ 0'<+1="+";0<{0" A("OB1"8 0"C L2 4")
"B J " - (" vec4'+("moRr'w" 1 00 (" (G
(" "< ML " 0"&4"+ " 1"C (" 0B "18 $%&
(C+ 1 8 tAR%< +
1"8 1"2%& S0"< "L ™ "+1382(t")DO"# "E'OB"™ "
"tAb ™8A "+1/M™#(O0Bm “(T/ ° 1™ (K ™C 4"+{0"F
" 410" 24"+ A (" ("C (" OBx"< "+ 0™ 1B " & 24"+
(0+ 4+NBg( (FE LC 2/ 51h 2%E
(M'2 Ib'O"+ 1M h™M< 4™+ 12t ™ - "M ML (M) +
">8 " mm"#DdD*troB1Y/5," " " "EL 1N"# " (" (G
$ 1> 0 $)1 4+ Cc 2
i+o*rs ™ (™ 1™ 1") 1/E<g™E? ">8 A 1B(™ P"G "E'
"2! "0 1+Vv*& " " 0'C ""2B u 470)4'< (C4/<
" 1"-"2& bO0<4.%" YfO< " <" "N"4" 1 "? |
(" OB *™%/T ™0 "™+"%/T ™S V" "2 4"+("T+1™ "0 A4"+
w" B <" 1"?7 h-0"# "3'" "*12("5 "4"<I" 1] 0&440C
"4t (™Mo4” "20% " 4" 1"E (" 1™ "I!B ( "? ("&05
"1 (I"E'$" 4 "CW"5 ‘(" 4"1 "2 I(" 4 D(? 0)40)

w"Ba8 "E' O"F {0"B 0"1(2' "E 1/"E<g"E? "E'l C



4" 1" AZ(™/<" 0)™0) " A 0"4™0)" 4™ <" {0"B (/"
{0/ 'AtA D3y 'A (K D'L ( %/T  4Uf
*» o {0"B ™ ("C "F 4/<B"GDO"#4"+4™ 1'"2B GAuU™2/N "
e "E' )™ 1™ AD™a8 ™+ ™ ™EL ,™8 0"B™2'
" ("N) 1m2" "d/T ™ Ad™K+ e™h4™ (™1™ "N 1"B t D(™
WB("2& 2/<™ ™( 1M 7%h o x MK M " C 4" F
D" "'Im4"8? " h "8 q‘"K 4"+ L/I"CA "™ e™a "+ LK/
1" h "# & 0"&4"+4" 1" [/§ " 4"+ "+(10B, 1 A + xK
4" 1'"'e 1"V 1'"e" 18 ("1'/? "f "L8V ("B $"3B /<
+ BV+5+ 1B C *%LB(C+t0 @/8) 5 2!Jq
"c™oB="4"t"T+"0 "™ “E' 0">? 1N "M# (™M OB ~"
(1 #4+ (C/2
(V t 24+(0B 110C 0 )1/# = 4+ S
"L2 4" "F """ 0oB( "A8R"5 <"C "+ "B "/8 L8 4+
"N 0">? "+ 4" " (" OB x'"< | 1'% "E' 4™ |(
" (%8 "INH="4+("T +"0 12 xC
o"'" (" 0B "+$% "?24"? 1A(" OBX'<S/'C1"'H'"C 0"F 1 A4%EE
14" 'Q2h IV" B1"! " "AR"%<Xx "C "+("O0B( A8 ) (&l
. R2IB1+(B1L;B kL
I("C  ("O0Bx"< 1"F ™ '4[%0B&" " 0"+ 4"+ *"A4"2

$ 0"+ "B "+ 0"< "2 %BA 4"+ n "<x'< " 4/<"E2' 135



G "t 0"&A™SOR O A@AT LM $T " A IL# >8
Ttk (MCUUN' T A%"HO? "+ o' g +*'+ Y+ A1 8
("' +S!'m AL LC 1'GS!m
4"+1" A4™a5 I(C "N " " "B(™ -0"h &" k b"+
",0+ " W6 " ¥ 1"l ("C""N'(case design) 0" 1'? hD 0"#
g 2/<" W="2/7 14"<  ("C *"4" '+b"G (" -6/< h<4+ 0+
1™ C D ™3 ("C+ ("C 1™%%mibro- structure) ™ 1™
(" (") H(OBX'<AHW (N ($"+ RO K ) <
"1'h (" 0B(" A81 "2B2""? 1" A4"a5 " 4"F 4"< 4+
;8 " 1?7h 0 b'+$ CcK#I O+
#1/5: - \A
TM4n k4 4 SMTUN L&(Hm 4T o+
"2l " A/H#(" OB (" A84" "+ (OB 14"/8)D0"#1C 1/ ( OB
‘=4"1"F 0" ("O0B (" ME< "EL "0  A4™+ " O
"OMATN Mo 4M) (T4 M 1" 81/0" A 4™+ M2 ("CH
" ("CL" "T?H L2 1"L " G4T+ 41" 1" 84"0.
m 4™ (" " "I T)1"8! " "8 ) <u"2F SO"L 0"h4"+4BN
1"8 1"2%& "L " 0"&'4 0'<4™+0'4™+u("+1'C 0" 8/4"+ (5!

$"1" A("A " C "21'1 " 42'EN Im"'I"E8 )le "h ( (<

| %$ # 0&123456  +*- I"# $% &'()* + ,
%H*9 $,=" | 1IGJK &3+ $ 7.=%2>;B ;CD'E F# G@A7*$+89 +: ;<l<, +=*2>0%$?2*
+ L:



"F " ")<"8b" ("4" + U'D™? & +(0+ S#m

4%™ ¢ "+ " " L"C " 1"C J"d ("B O"<4/"E C
0"3 ("+("C+ ™ 1" 81"/ ™ G )™ -"/ "+1"%2K
4"EC1">8 "N 1( | "D"N'< " 4" " )1 "G

,)NA4AF 1' "G L m/E) R KB +



S?42 H$ ,#HS$ G-G N O/5# LM

PQ3 R+0 8 95$ C$# , #

24

#AN# T 101( (L

1" ~j"<ID z™ (%8 I*B 0™ 11™L 1 ~4™ O™ "E"O"E
A "2 D "%2& MO"%T I'(M 1 2™C7™ 'BA P™GI1%L "™+
*B 0™ 4™ ("™ x™0/ 1-0"dK 1L'™L wO0™< 0"+ "™+™ 4"™/8) D O™#
SO MC ST i mMm Dz (%84™ (M xMO/ 1M +$B" ™M+ km
1 ") *™ "+ ("Cg"G1'#0dT 7" 5 /)" VL"C4"+1 " A" 402
" [ 4™F 9: . \: 9: . - 4™y "M+t
™ kM vts 1™ A(M™M™ D ™?&™ | D™ 4™+ ("C
D"F 10"hs™." ™) (™I1™™ (™ Bw0"dT m 4"+ H"@ "al
V*"T%TB ISA SH"F *™ 0"G 1WANdT I1™2N?s™." «"%/T
1<+ 4" C ™O +0/™E  *B 0™ ™ 81™2 * "™AI1L"% "'q
4"/8) "5V"KB 4"*NB O0"/ly("C "N' "TG " " " ) (
. C $ "B[(™ 9: C "TG H"@™al' ~LK/M™ [ ("?,"

, (C4U J6/< cXOB +43 (C ) ¢



0" $'"E+ "5 "0A -0"dK w0"'<Dz"(%8 *B 0" 4" ( t4l a
1%L ¥+ OU™e: /8™ ™+t ™+: -™ */4+ Q"ESG 0"+ 4"FOB
k: 7" BB 4™+ "™+Dz™ (%8(™# : /™T A (ball mclay)
"+4" R".KB " $" 4"N'K G4™ (™ "t 4™ a 4Mnt) P %" ("#
"t "B" "E+P%Db " "t4" 0+ "~ "8)DO# A (KD'L
(C* Dz(%8b
"YA'N/* <" ") 0% " b "AY"V' (+-
" "t4" " "+ =" 07§ "z4P %" 4 * 4+ [+4
" DZ"(%8 P%" 4" ' /" +4"a51 "' UT" $ "BH(H+ j<
SA (. FBO" 4" (. " ("b*8 "+4""m*) : - z)
10"Q" $" "< 4"a5 V'T%TBI"D " "<OL 4/E/6G4+1+/ + =
") 1'TG«"%/T " 4" <="+ ("+ 1" Db "'W=0"2! 0" "<s .
, $3 'VT%TBD ,B1 (1 'b W=02! 12N?
0" D f (™ I1"L /L 1™ A "4™(+ “LK/™ B="+4"+1+ /" + ™
4"+ 0IBD f (" ("C "B* "+") "5-"/ 4" a "KB "5 4+( +4
(" "+"W=0"2! ("C"/ * "8 " "B "G"TG " 7 $ B
" %BP %™ M+ 4™(+ 4™k =™ ™0 1% ™G, P"L& "E'D f
4" a "KB nm k9 I\ 7"BB4"+4™ (™ '™ "¢ *B "NBI"C
4"+ "2 V"T%TB B2EEC- (" } LK/ "B* P%" 4" (/8 ( 5
4+ "+1"2< LKM "TGs". "8 k -" "UO , "2

TLKM$ m2rEm oMt P %™ 4™ 4@ M ™M ™+ "BY Dz" (%8



"1%9%/T ".K *B 0" 4" (""B7" 0" (+1"b*8$ +1T
(" VL"B *F " "+4"a+ 4" 10)"0) ("@ G V" 0&4"+4F0B +1 (

4"802N "E8 ) O"F ("C "+ (" .& 1™ 8D5 B ™ e"a 4™(+

4ll [ L} A [ L} KB 4/IIC 4Il+ OII< Vlld:l . |9 _ L 1] IIB (IIC ll+ D L 1] 3!
, ' [E) <K+ 4+ 'AV %KB 4 *NB
4" LK/™ 4™ (/<™ e™a 4™0)" I - O"EL% V" P"

(" x"0/ IP"TG ("I+V"T%TEB4™EI4"/TG 1™ 4"ELC - (" D 0"#
D O# 4+ Ada+ 1/B-(CATGS$/E X?1/E Df
S=KG e "™ ~}
j"B 0"€Bg" + (/'E $/'E " "+tb alK A 4" (" G
x"8DO%# " ('C+® ("?2("+4" (" "+a 0'B";)x"0B (C4U

pf ™I1"(C.. "TG "2 4" Df "™1("""b" 4" 1 2/"E

4%€'E ("Q'G[0"S 4"+b" 4" 1" A Q" "< W2.E 4" 0
(" 4"+ " BIL/A 1"~ CLKR/4" "8) "3 (+.2 , (@G
4" 7" Bl " " w0"%< 0"1% 0"& 4"L%+ | "E'4/"E+ Dz" (%8 *B 0 4

"8 (" l/<"™ S0"& " V"T%TBI"TG " I"TG " lj"<{0™
|("A O"F 4"+4" C (""TG ("+ +OE *BO" " 031 /E

("A O'F 4"+ §"B * 1" " b"Bl/<" S0"& 8 u 0B OK
" 4™a5 ("C ™< ™? "™ A4™+ "/+-0"KB P"G*B 0™ D fJ "h

4"&02N 1" ~4" " V" " 4A"+(/'E t0"*" V 0& (B 9 C



(complex M @G <Mt oMt (@hitewaresD=A( ;MM
(' wd/< 0<4+ microstructures)
4™  s™& 4™ ""BOz™ x"0B1™FD™"™&6h "+ ON/"EF
TG [<™m* ™ r™~1B™. KB ™1 1" " 14/"CH)
"E+ 4 " 1™ " " $" "E+D=". ("IB "™ 4"/8 'DO"#
VU"g "3 (™ D "# D("BO ("2&$™ D=A" 11/'"# 0"
4" . (™ 'x*0B /ME)W/"E'D"™. .KB D "I(&"E 4"FOB 0"< ™d/5
o" "TG 0)™0) ™ 1" 1 ~(" I"%/T 4™(+ ("2 4"/8)DO0"#
4. ")y ™" " (w0< (Cub b OG
, )1 51+ Old< & +$ AW+
c- $ X$\(
4" o ~"" *:} "E ".V"C4". " 1" + 0" 4+
10+ DdT +1 7j< 1%L +IDz (%8 I*B 0
4™ ("™ x™0/ "€olin Mc Neal "C4%"™ 4™+ ("C4™ B*B 0™
, (C4U VLC ADf4 (' u OB 4kmm
"'#orshammeb z™ (%8 ~ " Bayer ™C x™ 0B ("C 4™ BD z™ (%8
m 4"+ ™ A 4" VL"C ("C "tu"oB A mMm4g™ (™ x"0/
Dflr="™ ) (™ ™ AD™K P"G (sedimentation)l ™' 4™B
4"  (Mu" 0B:dmx"0 ("+4" "+W" ' 022 ("FCi{D *

4"+ MO™%T @+ u™ OBVL"G("C 4™/8) ™ 4™+VYL"C ("C



"0)4* (" 1~ """ L HDz" (%8 */ L k*B 0" "E "
, (C W »m MO0%T x0/, 4(+7 B 0>? OK'
"HECC Internationa#t% ™ 4™+ ("C 4"Hymod Prima0"" 1%L "+
BDm ™ ok mm ™ &\ 9mMm ™ el 9 mm ="+ef (" +4™
ECC 4% ™" 4™"'+ (""C4""Skandard Porcelagd™" 1™ ~j"™"<
4™ o" ™ 1 2™C7" BO"™ mm ™ e: (M+4™ "nternational
, (C -(F
, O+ e\ (?24/8 4+B QP% 0G w0%<
wo™dT ™+ 1+"™o ("C MO™%TE (™. 4™+ e"%/T ™ ™A
D(" 4"+ 4"0%)S "A 1L " 4"0%) ("&+S"o( )4 B &k Kg/cn?
oO'Cv'# 7" B 1/<0"L "L2 ("? "B4"0"h4"+("C ("<" & (?
4/8)18"X SA1 " Ag"G "l®w®B'44"+ Pz'("L' B4 (1
(") "< S OR ("C (" +"0D"a54"+ ("A " 4"+ (C
z" V'#? 0"G SA: ("? ("C "<1B"AS "A ("C "<Dm™ab
"? " ... 0" "+1"%L 0"%)A /"ELC "+ ("C M0"%T SO0"« $( )

1"%< "a5 1F "< "a5 "+ " VL"C4"4™02' "'fC 0" &: /mm

P'G (C"<" " (")g"G1#0dT 7" 5 "2%I ("?{.B
"%/T ™ &™ > C1 ™) ™ "+ "+ ")y ™
&™ | D™ 4™+ ™ ™ I 4"F 9 :: \: 9:

((C4ITG



A "+4" ("C "A4M02' ("& 1" 9 ("D "?4"F " "+
m 4"+4" "8) "51" LK/ b " A 0" 402" ("? ,8 4+%/T
"+ HG "8 "2<4%" 4"+ "8-"2& "+1"1 " (" BwOdT
“y (™b™A 0" 4™02" ("&,™8)D0OM#; "™ /=" 4a™
“"E+ "E "™ "™ + " " "'+,'"8) "'5(fracture toughness) H"@ "al'
"Ged'W ("?1"! 1"2% R"2& 4(mrotch)18 L"Ct mm T"X 4"+j '
"+4"a+ (" )4/"ELC LK/ b " A4 "C ("C "'‘A1F "<Jh 1,
{C4/8) 4+ 0 81L'L wO<
s =P(R*+R*/(R’- R?) ~}
R"h ™ELC ™ 4™ 1"%< 1LB/( ™8 P 1" "LKM™ s
J"al' (™. (/"E )" 1"%< {I"CR 1F "<{I"CR, 0"aQ" " 2<
{A 4+ 4da+ (Kc) HG
Kic = 2P.R?*(pa)">.f (a/W)/(R,? - R?) -
"+4" " 1+"Bfla/w) ("C%" (R,-R), G w JLCR2&4
!B DO#4wedW (?a R ++® (? R E' + 402'w<x C
t0CL
f (a/w) = 0.925+ 0.836(a/w) + 135a/w)? + 167(a/w)* +
x"K 1F "<x"K ™" GD"F s™."l H"G™a!' ™. -("F
"I+ M "+ ("C4™ K 1IM2N?8" ) I1lMa<s™.) ™ {™MB 1M%<
{“B 4+ " Gs".! "E'lg(2C O0'"5R"h ("C ") ("™ 1"2N?s .

-("F " ("C Al%a< '™ 4"+1"2N? ("C ") (™ s". "E



4"+ P"L 0BG m "G "+4™ "@/M™E *B 0™ ™ 81"2 * Ay "/
D "™/4"+," ("Cm *)4"/8)D0"#4™) " R"5("FmM )"
"t 4" C 0"%+ o "8 (. *("# ("# 0"%+ "™ 81™ ("# {0"R
1™ ("# | (apparent prosity) "qV"T%TB 1"2N? ("# " @g" 1"
| (bulj density)1™"""2N? wO"""dT (water absorptionpA SH"""F
4"1a5 1"% V"T%TB 1"2N? ((Fbwder density)("C 0"G D ™la5 w0™dT
I'LK/™ b ™ Ay "/k-("F ," ("C -("F  (true porosity)
(c i = " LK™ D" ,B (K ¢/ J K1
4"+ ™ -0™ 8 "+ {f&quivalent crack=C)'/ L 7"E?+- "1 |"B " @2
T (C A* (A
C=10p(K . /s)*/4 9
* ™All"a<s™.) '™ | H*@"al'y "'7T"BB4"+1" 9 %L"C
V*+. 1" T LK/M™  1"2N? wO™dT I "qV"T%TB Is"%/T ™ 81"2
1™ /L JoL" L 0"dB VL"G" ("C$" B "TG*"%/T "D "?4"F
Dz" (%8 "A+ f4" 0"2'rT"  4"a'* "K' 1" "' [<"* (SEM)
iv2' *B 0" f4" 1™ (™1 "5+1)( "EAM™B 4™ "+E40+
(214 1/EE) jB N 0<xK
5: - b3 \&
"F*BO" D f4™ (™ ™ ™0 "L=1"?24™H+ " <™ J("
,“ 0"+-0"dk ("C " " 9 C " "A4+"+s. ST thb

b"B* 2BRh" "N "+ @C*B 0" "4™ J"h j"B7"FO s .



1" h 0"+4™ * 4"+ "3 "2 4"+ H'G"al' "LK" b | [Bj0
"/+$ "B "B("C+CBDz" (%84™ (™ O0"+[1%L "+ 1" ~j"<D f
-0"dK +"%/T w0'< "TG " "t 4"a ,0"C "2 "TGs". ("CV#?
4\ MPa”?} H"@™al' [ ("2 ~ MPg LK/™ [ ("24™ ™
O"<+*'1" $ "B " " ("C4"/TG4™g5 1" .. 9 C =
1"% V" "T%TB V5 ("2 1"2N? wO™dT [ (I72N2s™ . 4™A) ™
4"+ MO+ " "+1'("AJ6M< 1" ("C ) (. C ~ q
1™a<s™. '™ SASH"F(™# ™3 0™ 4/™C( 90 C ™
OLKM [ (24" " n T/ OVH51M2 fUm2 4L " (E 4+
V" 0& "t h"<4"+ "  (28{0"5 4"+ "TG " " (" 'W" * B [ ("?
4"+{"C "0)P"L 0"BGm "G2"#1"AD! a(C4 OF0O 8 3
" B1"™2N?s™." \: C " 4™ C 4™ +0/"E "8 0"q
B™ 7"B 4™+ : C ™ ("C ™u"50 ™ A4"+"¥ +0/"E
4" *BO" "B"T " B "N "+ +0/"E "8"q("Ci" *B 0"
CLK/™ b 12 VT &(MOR™ 1™ 4™ b"T+ N"E' 4™ 14" C
" 12'1¢"~",B"0 "8 (. "TG " b *8 +0C SOEK H&a!
(" "+tW" .B4"+4"FOB)"¥ V('B4" CH*B 0" /"+ (. WB 1
(. (™ "+t4"C TH&™ (" 4" (" 1" "34™+I"0 "8 ("
("E " "3%0 " b *"8 "+ "D "&4"0"A" 48 "X(SiQ,) P % "
P%" "3%0b *8 h"<4"+$" 4N'A "B"Q / + SO, 3%0 /2 4 C

"0A 4" CSH" +0/"E "8 1%A™OFI™ ("C "B h"<4"+ %"



(" ("OGV" &4"4"C4" IXO "j"B("C " " ") 1"

" 1"+ 4" 4" gn +("AT O"F 4"+ " 1"L /L 1"~ " 8
"OAl" 4'/8) "5(" QB OA K#*'' ['E)D"a 1"+ 0 4+

" (" + 1" " "24"% 51L'"L w0'<b " "+ +0'E "8 0%B
"' "u "# ,")DO#" " "B "G TG L=1/?4 0C

4"+4" 0" D "#0d<4"+ "4&B2/'E 1" OGD" a II"L /L 17
V2 ("@G /<™ O™+ ",/ ("™4"+4"FOB "+ ")DO"# (" +2"/8

,0C1 +(0B4 +x CI HV0& V& 4 i

Ji

1. C.F. Binns, "The Grinding of Flint and Spar," ams. Amer.
Ceram. Soc5, 281-292 (1903).

2. J.F. Krehbiel, "Experiments with Fine Grindingf &lint and
Spar," Trans. Amer. Ceram. So@,,173-185 (1904).

3. R.H. Minton, "Discussion on the Fine Grinding &fint and
Spar,"” Trans. Amer. Ceram. So8, 252-254 (1906).

4. S.L. Galpin, "The Effect of Varying Sizes and rdéemtage of
Quarts Grains Upon the Porosity and Shrinkage obliKg Trans.
Amer. Ceram. Sod2,548-563 (1910).

5. C.W. Parmelee and W.R. Morgan, "Effect of Firsmsn@f Flint on
Vitrification of a Ceramic Body,” Ceram. Indug®[3]146-152

(1934).

6. J.H. Koeing, "Particle Size Distribution of Imeglients Versus
Body Properties,” Amer. Ceram. Soc. Bull19 [11] 424-430
(1940).



7. J. Grofcsik, "Increasing the Strength of Pornceldnsulators,”
Proc. & Conf. Silicate Indust., Budapest, 367-385 (1965).

8. A. Dinsdale and W.T. Wilkinson, "Properties of hitéware
Bodies in Relation to Size of Constituent Parti¢le§rans. Brit.
Ceram. Soc65,391-421 (1966).

9. A.A. Griffith, "The Phenomena of Rupture and Wwlon Solids,"
Philos. Trans. Royal Soc. Londo&221, 163-175 (1920).

10. A.Monshi, "Fracture Toughness and Characténisatof Some
Whitewares Containing Quartz,” Ph.D. Thesis, Duo#isiof Ceramic
& Glasses & Polymers, School of Materials, The énsity of
Sheffield, England, 1990.

11. A. Monshi and P.F. Messer, "Double Dilution a§r Diffraction
Method for Quantitative Phase Analysis of MultipbasSystems,
"Brit. Ceram. Proc. 42, Complex Microstructures, Btevens and
D. Taylor (Eds.), 201-212, 1986.

































G ,? SIC-AI0  #

P

C ' (L'101( bT+

7" AL'"L wO'< "+ " "B+ 7T Mt o< L R.KB
68 0" &AI+1%"# 4"  0"& &€ 0"3  (+," 478) "51 + O
, (CSTI'R *B
™ (M/8) ™5b ™ A 0™SICe™%/T 0"G(™A1™ + ™
r"< Al4"+ "E'ALC, " $" t0" b™'l ASi O™ 4"Al "i A
4"+1("1" VL™ A ("C/™ SiOG A+" "$" " J'h ,
Al "2 ALSii™ A "@2,0"a"2 /" W" .Br"<W6 " 0"G 8"h
M2 VMT%T/ 4"ab Vi< 4%+ S EBb8 R *BH'GO™' (" 1 P<r <
b’ SiC4"#,C 1™ ("# : ("2 "48"X 4" (" 1" '4 D!a
x%/"T ("+ VL"B "+ 6"&4"+SiC " P"< ("C /" 0"+ 1/]
,0CL ALC,VLBuU (SiB),C
/" 1SiC 4"+ "E' A [" + "25 0"F "+B,C "[ D "t 4"+ 4FOB +
, HG4FOB di5 3 BC # : 1
2 %
1"'A{0"/ wO"< 4"+ 4"FOB ('#B"("(FW/'"E'1"( 0" 7 O
2/<™ 0"&4"+ " 0" (™ 14U ("W " o

W "@nfiltrant) (" G 0" &4"+ "2%G *"%8 "X ématrix) 1%"# 4" (+



SiC B,C 4"%2F 1"%/T 1L ™ 0" ™"8) ™5 "8D™ a 0"
("0<x "C " 'W/'E'D "4" ("OB" SiC("4"/8) 54! a 0
4"+ glem 4/"E'}™ $" A 6"&4™+, ™) "5 " 0" 1"
4"+ 4"@ ~4™9 g/cm4/"E'} ™ UT" “E+ " BCIR" h "2
V"T%TB (“+ " I(HIP) 0"C 4™ B1LB/" ( =8 ;/""+7" m
0+$" 1L " 0" /" +(" 0" " WX ("A" " 4+ O" w0<4
("? "B*"%8 " VL"/ 7" " <" "("0B 4" " Al A

0" 4" 1" ™ SiC4™+ =0"8 " 48"X+W "< |-"[ 0"&A+"F
SIC4™Al ™ 48"X," ("C4™U |  VL"C *"+ 0"&4"+ /"
"3 0"10"u "H A " A%H?T" " 0+ " h'<4+BC
0"GD f "/"C ~*"%8P BF("C+"%87" ™ ™ 4" ™), 0"+
Y+1L'"L wO'< "+1" " 0'C48"X 0" O0A4"+ WENR? B (+
0"&4"%# UT" SO" ("(G("' 0" 0A ("+ "t ("A 4+ Al

i ["E 4" h4™+47SIC1"2N>: ("2 "I 0" OA$%"EB = . -"[
" . "H4"E . 4" " kk MPa("C4™ B: C ("?D "?4"F

, B+ ~1 MPa (?}lI T'0 OAS$%EB

4"+ [8")VL™C ("+4™eB " P B"}("C+("+ 1%"# 4" ™)
1"~ 4%#7?7" " I (infiltration) 0"C "G SHYl "+0"G i0 / R h
BC AI$/"E 0™+ (" 0< 0"<+1%"# 1L " 4™ "E' B="+ "E+
1" A |: MPa ("? "ELC ™ . | Mm4"B1"  "h4"+4"@ *

4" 4" = <" "+ 7" " " AL'"L wO'<(C 1 k MPafm (?



4" ")1"e"a -0" " "N SOt Az < [+ 17
J"d "+w=" ("' ;" ""& 0"h4"+ "NBDO"#4"+ 0" 0B~
J"d "+ ," 48"#4"+ . - ("1 *%8 0" ;/* 0" 1"C 102!
BC ™, ™1 ™ SICAI (™' Yo"s7" 0" 1™"3 10" "#
A%"#7?°0" OA("+ <" (" OBD6L" SiCAl " ") "E+
W"'t @QC4%"#?7" "+I"'>B "B7'FO 4"8) B5Al SIiC +
n"8 V'%< ("C4"*NB 0" OA¢+(" } "+Oh SH'F "+ aK 1>+
, H1 F4+1jB

"+4" ("C ")A'N/ T "+ 1 ++ X7
10" " 8VL"BO0"%F 0"'K'4"+\W6C /" +4"FOB ®"¥"? [ " 4+
4" (M +" (W' 0"FO "NB " 0G"$" m (. 8) B
+" JH"? "+4" " ("C1" H"'(" 1"u"EB 4™ 1+0 8VLB
JH™? ", " (" S0%a ™ " Si(™' " & "48"X "@2 A
10" ™ 4" B " $" T"E+4%BE" 1" VL" "M 4A"%? +"
4 "t A )" SH" *%8x"0B 1L " 4™(wetting) B %+5

™ 12" Cc ™ ™ D "?4"F sic g ™ "™ Al

(C+: C [+ (+7 0 (OBD ?4F

51" + O"R"*B " /" IS"0 4" B7" x "CR".KB"

"C 4"+S"opH-"/ "+(("C4™" B 4"4"= 4" zL 7" 0" 4"/8)
4" B 1%"# Atépe casting) 4™ =S0™ (slip castingjl+ ™o ™)4™/T

ki ("?V"T%TB ™+ 1B ™la5 4™+ "Qc4r™ 9. @1 C (MC



“"N' :: : CD "?4"F Z6"< Al "+R"™ *BPz" (" )1"2N? ("#
(/18) 54la 0 (C4/l< 3 07 0O 4/8)

$ XS$\(

B2"CDO"#4"+W "d/T 4" ™ ("N"? V"C1 ™ A "m

t0C1 eC



,0Q eC dik 4+V? 1>I+VHf

J i *oGDf ™uroOB (™ "Bu™ R*"5m*”

(A" " 4"+ 3 (" "EB "+4" (sedimentation{'C%" 1 "' 4"Bm
NaOH "™ 48™X "™pH|: ® ™a. SA SIC1"2N? -0"%K m ™
vL*c y "4 ™c ") ™J (™ /™ x"0B™ 0G AMO.™ 4"B
Il nm */2 " 0G: b"+4* (™ 1* *'1"K " " ("C
™ o"G (™ u™ 0B "(/"E com M+ (M25% mm "+9
"8-"2& (Mt ™ <™ ™C 1+™o0 ")4"/T m 4"+™ <™
+" 4" ("C ("< ™ 0G 1"dT ™. I TGA"EB [("C&"
" ""N'x"K "+1" 4'@' ~4"/8) "5¢"%/T "B ?4"'F (/IE A
R*"h ("+ 0"a" "™t™'A ™ BIO"E+™'A A+" WeP" (E }

: B 0G, *'0+ D ?4F O0B1

4"F 4" (" 1" "' SIC4"+ MO"¥GA1"K VL"C -"[ 0&4+
4" B"Br "< 0"G (0" ™ OG 18"X ™ 0O"B" 9: C ("D "?
51" + 0" ™/ ™ pH O0"G"%/T ("# S™o <™
-0"%K 0"G 1"2N? (Meairing)-0"%K 0" JH™? 0" / -"2& (48)
e 0™4™ B "+S"g(™ 1"2N?e: ("?4"+ ("C /™ + "a. SA
"% 1"%G {0™}T"EN 1"2N?29 (™? 0™>? "2 pH 0"G 1"2N?
" T"X (Mylan)lL/™6G ™5 ™+ (™ )4™ B-Rhoplex HA-8
"I+ 4"+4 ™ " x"oBIO" "0 ("C "< (™+ ("C4™/T9  mm

1)( "EN4"%? ("™ "8 ™+ 4"/8) "5%" Pz"I("Cf'"G 0"T



D "?4"F 4"+ Ciin ("2 &" ™+ 0" ™ Pz" ("C-"2& 1L'"L
V2&W'[(("Cn "< 0™ 4/<0" T'EM &" "AD(" 4+ ( i C
9: @ CD "4"F 1"[< Mx"K 178) 0" ("C/"
V'T%TB ("# 4/"E' "+1B"™M54"+ "N 4" ("C "N' 4":51" 9D( 4+
{)Df
" " 4" 1B"&6h 4"+ 4"F@BSH" *'%8 +R *BD ?4F B F
4" ("C ") (" = = CD "4 (K g"2B4" "
="+ "B ?4"F SiC BC A ™i A 0™ 0A4™ (" ) 0"%V"/ '
4"F  g"2B4™ 4™ ("1 ™' VLG 1" P"<1+0"<4"x C
0" 0A*"%8R" *BV'280"(M* P"<ca" "B " "+ [2=+ B ?
18 )0 "/ "+1 "4™02' ("C (" + O'T "+ 4"+4"BR + 4'02'1Z6<
4"+ 4" (("C4" BIL'"L wO"< "Y" "+* “kimm "+ 4"+ %" 14'02'
"+ %702 0"FO " g"/8) "5b " A 0" 4"a’ "~b"2< "EBm
1™>+1GOL™ L /<™ *™' Q™ ("C ™IBX4"CY™B
()4 a 402
b3 ¢ - \&
("# "+ ("W " S" 10" " "+7" 4/"E' 4+V' 03 4+
D ™ ,BVL™C (™/8) ™54™ a 0™ «"%/T "pH  0"G*"%/T
I" +94" 0'G4" $'N?4"+4"FOB("€ "' pH +So 4/ OLE
"V'?S"  0'G /" + (" 0"/+] ("2 pH 4" (" 1 34+

4/ OL"E 1 0"G " " " )V™? 0"G12N? "B ('C "N W/ !



"+S"0 1"2N? (# " OVL'G(A" " 4'+7 oc 1 *
"+4" (" ) ("C™<™ 0™ 0"<]"B7FO O"'7" O™ /[T
" 04" B4™ "N A" 4T 140"<YI"INP: ("2 "L " A
4+ W" B  "+pH " 1'E'4/"E' 4" (" 1" ' 9VLC( )$
u" 0B (" SIC 0'G "8 k %L'Cy "/'4" 0'C4"FOR $2*
("C4"B "0 " " ("A" 4"+ VLC ("C "'Df ("
[™4"5 : "BD(" 4"+1"[< "x"K 178) © 9 :m C
'0" OAR"*B "F "+n"8 M4% "'4"+4"FQBC'+') ( 4/E (C
4" 5G(" L'E'4"E +: (24" 1" 4"024" ("1 '18)0/y [
1+40"< 4"+ ("C /" V"2 I(0"C" "/2 ") O"~(['E [ ~C |
O"<+1+0"<1L'"L ™ . "™ V"T%T/ "E+4"a5 102C "N’
4+°0" OAR"*B " $" "8nV'%<I0"C /"+, /" 4@ 7E'
' IVL'C ," (" 0'B1"IVL'C "t ",0""2 NV Oh
=" " "G SiCO0" 1°"< ">8W6 " 0" 0AQ™C" ("
T 8IXANC M H0"ar (" YN W6 " *'%8 ("+ B I VLC
" SO%a "4" 0" OA("+ JH'"+WB& (") "!B4la5  OFO
VL"B'0" OA("+ *B,C ("C /" Si*"%/T ("# "+AlSii" A
$ "4" " AU OBI'E' ('CVL"B "8 BA4L 4+4F0B +1 | )
AB,C,IAIB, IAIB, V™ 5 ™ ™ 8 0"™+$/™E ™ 4/™0G'
I'E) "8°0" OA("+ X'8ICAI$'E " (" A" 0'F 4+AIB,C,

4"+ 1["E+4" ("C+ ("?/" +°0" OA Si('# 4'@ ~" (C N 8 B



"2 Si "t vL*go*a"2'vL*B(™+ " W6"2& QARG+ ™
o"2' " 02 " 1" Al="+ 0"Z" 1" "''0" OA("+ (.
oM 0A4™@', N +™ 1™ e (M?24™/8 ™ 4"sIC,™ (/M
i" A J'"+0"A" "N " S0%a 4" 0 OA(HOCR *B:: C
4"F 99 k: " VL"C 4'y0"a”" $" ("+ (". W6"2& OL% " "O'A
4™ a O™ 1™/L JoL™ L "+ "4™02' 1">+1GOL"™ L /<®0"C 4"FOB
si7® " 0"2 /<™ \VL"C(("C "'B1+0" " 8u" 0B "8)"5
7" " /<™ (""COG "™ 0Gcaweé6 ™ 0" QA 1" ™' SIiCAl
8" " ("CvL"B 0" OA("+ 4" 4™02' ," "2 "<OL
~ VLG (C (A OF 4+ &
, " ("C » VL"C  4"=A"= 4"M zL "4™02'1L'"L wO<
") 1" 4"376 ," ("C A U"2F «"%/T u+" D"&6h 1">!+4"&'3 4+
M+ 7" "1L'"L wO"< SICAl B,C Al 7" N O
<™ ™ELC1™ A7 ™X 6"&4™+ ™ 4™h0+ ™ ™8 ™B /<™
, 1L 8 B/< m( [+7B 4+ 44=
5: - \d
S0"%a 1L'™"L wO0"<4™+ 1™ / 0"8"+ 7™ "™ 1M? h
t) 54F0OB 0 1%# DL'B +2 1GOL L /<
v'2& "B("CHm "2 "+ 1ME ¥ ;0" " 0G (

L) N 1/?2 4+ (C /



SH"*%8 "B ")4" B "+ V'TWTB#" "+ (" +1L  VT%T/ 4'(+
(' COz+ 1%< eOa "2B (' 0/+
"IBI SH" i"A"# & R"BD "?4"F 4"+1/'E+4 g2B4
(Ct7 1 '1A (

"B ™ 8VL"BI "8R™ *B *DO0"# R"™ *B4"%? -"/ W

VL"BO'%F 7" i"A"™#& /""+" " (" OB S0%a
8) A
4"+ "ELC ™ . 7 "Xw0"dT+ 4"#"=7" ™ 1L'"L wO0"< 9
7 om@2 oAl Mt U 4"ho+ (M. M +7"B
(Ct A4 zL
N

1. M.G. McKimpson, T.E. Scott, Mater. Sci. Engd 107, 93

(1989).

2. D.C. Halverson, AJ. Pyzik and I|.A. Aksay, J.AGeram. Soc.,
72[5] 775 (1989).

3. R.C.J. Schiepers, Proceeding, International siuwk, “Metal-
Ceramic Interface," Santa Barbara, January (1989).

4. U.S. Pstent No. 4, 604, 249 (1989), Luhleichakt Fed. Rep. of
Germany "Method of Producing Composite Armor PBbelies".

5. K. Ohori, H. Watanabe and Y. Takeuchi, Materi. Se&ch., 3, 57

(1987).

6. Ashley (ed), Mech. Eng., July (1990) 46.

7. T.A. Chernyshova and A.V. Rebrov, J. Less commbet., 117 ,

203 (1986).



8. W.C. Moshier, J.S. Ahearn and D.C. Cooke, j. éMatSci., 22,
1154 (1987).

9. T. Tseki, T. Kameda and T. Maruyama, J. Matesi., 99, 1692
(1984).

10. D.J. Lioyd et al., Mater. Sci. Ené\,107,73 (1989).

11. A. Mortensen, Mater. Sci. En@\,135, 1 (1991).

12. M. Yasrebi, G.H. Kim, D.L. Milius, M. Sarikayaand I.A.
Aksay, "Processing and Characterization d,C-Al Cermets,"
Proceeding of the XIll International Congress for edion

Microsscopy (1990).


















?7$ G+ $# 567, #$ $

#<,*43 F$ Z6

1# $%& ' 101( (L'

"+ 10" V" 0& "3' ("+ OL%""+1" ("+ "tb O"G "
0"3 ™ 4™" ("C1™ + ("CVL"B ™ 8{0™ -"dB™*'"L I' LK/
4%"#2y W ("C " 1™ L JoL" L PLO"BGb "+ "C
"8 LK/M I"4™ ("b" g"G "8 " b* "8 "£4" (1" ™
"A%'H?y f, 1% "t ("+VL'B  "+1"?"E2B ("4 b *8
("E ( +9 *"8 "+1B;™E8 (™+ 0™ ™8 ™ LK™ "/+4"
"+ 4" QO/H? (" + OL%" f+# ;E8( (? yG 0 OA
,0"@™ V"2 1+40"< 4"k9: C ™ "B4™ ("CH" 9: C kil MPa
OL%™ 4™(+1B;"E8 ("' + O"FWB ™ 84™ ™'XRD " A
$"™E% (;""E& C SiRO,$"™E% D;""EB C (" +
"+1GOL™ L 2/<™ D™ g™C%" +0"E $™E% D ;"EESiP)
4ma5ca” 1B;"E8 ¥®: C " 4™(+ " 0" 4" "' SEM+EDX
1™ *g 0™ ™2 ("+ OL%™ B;"E8 "4™(+ 0" ™ 1" "+
, OF 0 1 BES 810U "0 OA(E (

? W



4"+ "'A$" (. 4" 1"A o "EM" &4 2"C ("HU2 (+
V2R A+ 0"<w0'< ("2&b"TH"1 "? (" 1 LK/ 0G  4'(+
)1
("+ 140" (™41 (M+4M 4" 4"+ (M+ " Whgant
" OA "+ ;"E8(" b" I1" "+ 4"%2F," " $"EB (
"™+ BO™ ("C%t" ™+ (™) "™+ B;"E8 | QU™+ ;"E8("
Z*"F"E% D" OA ("%BG '2C1" V'BDL%" $(DL% 1+0
(/EIL ( (+
(OCL V#?1 o0Z*F + 1 2Cb t 1 (+
MO+H PO ® M[HPO]+H O
4 YIE+(E o L O (Ct 3 0(E 20 MO4
"N "+-0"5V'+58i0,4"=(" (CH 0< + (E 4= ? 'A
("310"LO 4"+fF 'R h OGIHPO 1! 4%#? 2 (Ct b
"4+ "3 0 4+ Pz 4 B(+ 2 0B1 ( 1 -dB-~1i(
De("BI(""+DF V C4 C*1B8 (+VUE D6L 4+1/g +
(Ct (CIJh+-? 4(C+11) + ' $ 2&IVLB PG
(" ("+D"E8 FA< ( 1 + (O 1 (+
to(+ 0OL% 1 OALl/T F4B ,0Q ; B;ES8 ;E8
, Cm™* (‘+ + (+ O0L% 1 (+0 F4 B
$ aC\(

| KO-, (W%



1) "8$2*" 4"+ (" +4 8)DO# 15 / +f+ST/
0" ("+ O0L%" , i %T (+ 4 1E+ < ?
2"Cek: 1l +Af+Pz (C B 'A(#4 (+4 (09 = 2C
(C+ 1*F4 -05V+5 (K f+ (% 4 (CV#?9: 2C -l
, (C A (+4 yI' -(F
5 $ G+ .256?, DG3- 53 R+~O m L(\(
2?7 H L \
"+Pz" ("CMO%MN9 E8( [/ 1% ; yGl4 + Af+ " )#
1" B{;B ¥\ mma5 +14'0/ (CgGD!lag(CgG f\ MPa 8
Pz" ("( D " &" "~D(" 4"+ "%IT 4'02" 'A'0+9 mm
, (C A VLC y/l4(C B 'A 8 LK/
<L\
bC T\ MPamG 8 E8( [/ 1% 4 Af+ ")# +
, C A VLC yl4(C-2&*" D ?&
4 . L \
"8 "+ "g"G PG (CMO%T EH8 / 1% 4 Af+ “)#
b"C D(" 4"+ "%IT (/8) 5 2?2 ) 4'02'1 ¥\ MPa
10"2! ;"E2B 4™02' 2 LK/ «LC 402" LK/ ((C D ? &
, (C4E .

$ 2L\



91: MPa 8 +Pz (CMO%T :ES8( / 1% 4 Af+ )#
D(" 4+ «%/T 0+* 4'02(C N'l VLC: ¥\ MPa 1\ MPa

(C AKVLC y/'4(C ) ( 'A'LK/ Pz ((C D ? & bC

R+-O 5! #H2 1
lu" " OAI("+ OL% 1B:E84'(+ 8 LK/ b *8 03 4+
“(" DO#4+( 1'*8 * {04 (C *8Af+4+ OL% * OU

" D(" ¥\ MPal "2& "84'02'42 , (Am?* A 1 *8

,0+ & bC %/T D ?
("E ( R"h b 9 OA OGR h 1L u 0A
nm e: kil am ("+4 0 OA(E ( (CAf+ j 0 OA

, (C A 9VLC LK/ y ['\0+: A9
Al VLC 402" 8 LK/ y [',0+* OUAf+4+ (C *8 0U
, (C
" 0 : £ mm e« I\ mm (+4 / 0 $EY%
OH"x "C+4 E8( $E% OGAMO%T ? 4'02" LK/ 2E5
S0"%a " LK/ 4"+ (" +4 'y I'N (C ) ((O0+ (C4B
("25+$E% ((CO (E BOC? 1/E + E2B:l C B=+
N J/E+xO0B1l ? xK ,0C )0O%F ) LK/ ((C 8 4+ N (‘B4

., (C A VLC LK/ y/(C



$ +(# yG * 4+VLC (# * 4+%/T '*8vy /[ \VLC
( (C4E .
.27, 5%$#52 $ G+ 56 ,, X C5 $ (\&
1 ™4™02' (" + OL%™ "4™(+ LK™ -0E"E"8rT"B ™+
£ "2 0% K o oom e S sm A (MHA™ 4™ (M+ OL%™
9 D "? P"G ("C4™ B.\9 "E8(" ("# 1"
"2 . VL'"C y "['4" ("C4" B "XAdI"C 0" 1&" bCD( 4+ 9: C
, (C A(+ OL% 0GO0<O +
,-G vG G .256 ,2 $ \(\d
"2 4"02' (A-3P)(" "+ "ES(" "/ 1'% 4" "2 f'+ "4'02
P™G(A- 3P- 2AI(OH),) (™ ™+ 0™ O0A(™E ( 1™ *8™ ("#
1™ /L Jo" L "+k9: C 9: ™  &" b"CD(" 4"+ D "?

"51" + 0" "d&1™;, * ™A1GOL™ L 2/<™ ‘"K (SEM+ESX)

, (C A %WC y /4 (/8)
b3 c - \&
"+1("N tIQ"B("? M " y'&+4" (" b*84 (1 ' VLC

"1*8 9 C"B" "+ LK™ D" B({ 4/C( LKM
o" " ('+1" b *"8 k9: C " W ("N 4" aC (" 1/8
VL"BJO"AP%" "+ ;"E8("b" "t (/+4" ") "~" 0B 1
JO"A 1h0"%T "BJO"ADO'#B'%S$D ;"E8 «"%/T " &IC + (C

7'FO ("+1" X"E+ 4I"OB ("+ "" b *'8 "+4" 0CVLB /E



MO+ ("DB 9: C " ("C (" "LKM "8 (0"Q" LK/ b *8
4"*NB ™ JO"A4™ 1 /"E ™8 "< " 4%"#? " 80" * [E 4™+
mig" 9: C " o VL"OX4I"C 0" "+4" ("C+ (" -"dB 8
" CLKM" ('Nb*8 , "+a " " D('C"+ +0'E "8 (
b *8 ("?4"SiC " 4™ 1Ka" 0" (E 1"! " v/ 1"C'k9: C
0ad F1%5 8 4 (4
b *"8 7"FO &™ b"C 4™+ ™A "p *vg 4™ (" 1" "' VL"C
&" " 4"+ &" b"C " b*8 " " ("C SiC("+D;E84'(+ LK/
T"XV"5 1™0/ 84" ™ 1 ("+" 4"C( LK™ ™ "tW" B
tQ'B"KB D "2 ",, 7" Bl4" (" 14"02'1"B ? (" 7 X14'02'
(1 5
OL%™ 1B;"E8 4™(+ "8 LK/™ ™+1"? "E2B't VL"C
1FO"BV"+51B;"E8 ("+1 "? "0%" (" 4"@ ~ (C A (+
"N $"ISiC "+1'E% 4/'0G V' B4" $")*" W6 BQ"2 V'# ?
(1 + 12 b’ k9: C /| $ 1B;E8( +410B
“m<4/"E' b *"8 V" 4"+Ig"G B 8"8 "+4" Ort (" kVL"C
4"lalamination) ("C  4"5 ("? "B "8b *'8 4"/,0"A" LK/ l4la5
A f"+4"+ " 0OA 0" OA("E ("8 "+4" ("1" "' 9VL'G N
f*" "+LKM DM LB(M "@2," 48 b*8 " 2B LK/
("# y"G *"84" (" 1" "' " Ayl ,0'A"2 ( 4376 V+5 8

("# @2  AIOH), (™# 4™+ "E' "/+ "™t Al(OH),



("™ (™? y™G AI(OH); 9 ™™ ™ 0 Ae B t0™ 1™%A4(OH),
"+W" B LK™ " 4%(%" 9: C " kil MPa’ LK/" 4"+ ;"E8
1" + ="+ LK/M" "N v&," ("Cv%? k9: C " "B1*FD ,B
1Ka™ SiQ, 4"+ "E'*"' AlLO; 4™+ ™E'AI(OH); /™ + H"®™ 4"+
T LK/™ 4"376 V"+5 "8 4"L V" "&iIC " 4™ ca™ O0"FO
D™, ,B4" ™ 0" 0OA$"E% D;"E8 "8 V™ 4"+W="2/? $ (™
(C+ .99 C B=+ y B4+(+ A (C* [E
"I AVL'"G" " 0OA "t 4"+4 "C LK/ "+ ou" *8 t
4/"C 4"FOB*%' C B="+ (™M25+* ou"’ "wv".'4"+ 1"E +
$C+
("C LK/™ b *8 "&Arf"+4"+$"E% *"8 4"~ "' VL"C
1 LK™ "8 1 ;"E8(" "? Af"+ "4™02'("'2 *' '4'02' :
"2 W="2/? ("CvL"B " 8¢ "'4™ Oo"C1™ (" 9 C "
EEN ("B "NA ('Ce"a VU'E $" "+4CH4" $E% B;E8
{ Y(#
"+ 1™ ("# y"G QM+ M%B/T ™8 ™Mt N %L™MC
AI(OH), "t I"+t(" (. o0o"C1" (" 4@ ™" " 4E . LK/
x'.8(" ("# 4" 9 C 4" (" 1" "'vL"C," 4"+ "I+ " 2B
V'#2? LKM" A"+ 6"&(" ("# yG 0" OA("E ( V#7? LK/

, 4FOB V+5*/ ou



E8 (™

$"E %

(;™ES8I

+0/™E

4™+ MO™"+

D ;"ES8

6"& 4"+SIiC 0"G 0"<4™+M0™+ ™0 M¥L"C
g N 42T (CHE™ 9. C n C9n C
"G A™+ 6"&: C " 19: C (SiRo,)

"G 9 Cc 4™ ™ (™C ™q"™8) (SIP)OL%™

A- 4™0EDX)P"L 4"C * "A " ("G /™" +1"E'D("C +0/"E

iB;"E8 ™8 O"™F (" ™'4"™ (™C A a a %L™C 3P

4™+ ™ 4+ 4m@"M4t? ™ k9 € A/M™M8 M+ 9 C

ViR k9 C 4 $T 9:C " 1B"E8 "8$" 48™AI(OH),

III+ 1lll2 IlltA flll+

b *"8

~ b b %L¢ (C
5: - \d

D (T yTG A (T b U8

:F\ MPa4"9 19: MPa g"G ™8b *8 ™ ™ 4/"C( K/™

7"FO F\ mnf 9nm "I+ "+14™02" "+ &™ b"C ™B D "? "

,0ClL 1B;E8 ("+ LK/ b *8

1B;"E@"+1 "? ;"E2B 4™ ("1™ "' "8 LK™ " A

,0CA2'VLB1FOBV+5

"8 LKM™ b *™8 &+ OU™ ™0 OA(™E ( ™ OA *8

LK/

"N

ll8 m @2 ’OIIO-- m N IIIIZB (II + OL % m (Ill B ;IIIE8 | 1] 4ll|(+

11" *8

(+("+D;"E8 4702 "+9: C "  ('C (

, 1+



"+ OL%™ 1B;"E8 (™+ LK/b *8 7"FO OL% ™ *"8k

(™ =" "N 9o Cc ™ (™C(™ "Lk ™8 ™/ o™a™

,0CL
y"Ge\9 ME8(™ ("2 y"G "™? "™ 4™02'LK/™ 9: C "
ktl MPa4™®: C 4™ ™ f\MPa"+ "+ +°0" 0A("E ( ("#
( 1 k9: C 9t MPa4+1*FD ,B +W .BY (

("+D;'E8 "4"(+ -"dB V' & 0%+ ""84 "' XRDD!a |
$""E% D;""E& C I$™E% D;""EB: C (™ + OL%™"

$™E% (;"E89: C +0/™E  (SIP)$™E % (;""E8(SIBRO,)

(Ct +0/E

8 Ica™™ k9. ¢ ™ 4™ "' SEMTEDXD™"! a

("e ( *™8 4" (™ 1" ™"'D™a ™ "@2 (™ 1" "+ 1B;"ES8
,0cL IBIE8 8 (G<«&+(+ @AL% f+4+ 0 OA

iJl

1. J.F. Wygant, "Cementitious Bonding in Ceramicbri@tion,” in

Ceramic Fabrication Processes (W.D. Kingery, ed.)ITMPress,

PP.171-188, (1958).

2. C. Toy and 0O.J.Whittemore, "Phosphate Bondingh wbeveral

Calcined PP. 167-171, (1989).

3. K. Fisher, "Chemical Bonds for Refractory Maasj" Proc. Brit.

Ceram. Soc. No.12, PP. 51-64, (1969).

4. A. H. Foessel and W.S. Treffner, "Improved Plhagpd-Bonded
Basic Refractories,” Ceramic Bulletin, PP. 652-@870).



5. D. Knofel, "Inorganic binder,” in Process Minlegy of Ceramic
Materials. Edited by Wolfgang et al., Grammich Plaigsen,
PP.53-79 (1984).

6. J. E. Cassidy, "Phosphate Bonding Then and Nd&eéramic
Bulletin, PP, 640-643, (1977).

7. H. D. Sheets et al, "Phosphate Bonding of Ré&rs
Composition," Brick and day Recod, PP.55-57, (1958)

8. G. S. Dhupia and Kronert, "SiC Monolithics for agfe In
Ceramics. Vol.13, Am. Ceram. Soc., PP.395-410 (1985



























YBaCuO G 5,%$ H ;7 ?272

ST .1

1# $%& ' 1 01( (L

YBaCuO1L ™ '™ + 1"™L /L wQ™< /<™ * "™+4"™a+
{o~ ™ 1"L /L wO"< Q0" + 0"3"#44" (1" "'y "/ )" ("C1" +
4= . " " 0"<+ O" "2 [<™* " 4™ "FIL "
, (C<KK+ [<* ~4B + ;/ O cC O
? %
1™0B ™ 1™ K+ "FD(™C1""™I+D"™a5 $ "/ G 1"L
1™ K+ ™ Aty ™ o+ /™ o+ "H"CE¥" Y™ " FD™C-"/
4™+ ™ 1/M™E+/ ™G ™ ("("C¥" ™" 0™ - Acnm ("?
4m ™ ™' IBM 4Q"E ™ 1™ + '™ + 1GOL™ L 2/<™
"+4" (" 4+ (("C1/"E+ D& L 2/<" " 4" "+1'K+1 7
"+1" K+ "F1"A(C+ "2'4 " (". 4" 4 DO# 4+ 4
"4™02'1"L /L wO"'< "4™ + ™F 1M 2™ +M+ ™ [+ ™A
"4+ (" "+ ("C1t " 160l L 2/t " 4 4+ F *%/E
"+ 0"G "FV"C "C " I>l+" ("C /" %/T C A4ANT
"™ "+ 1™ "Fm ,“ 1"Eh, ™ '™ ™+ "
‘(™ "KB("l+ 4/™)v*?1™ -6"? "ET''™ + ™ OGI1"Eh ,

" 4"+ " 4"02'1GOL" L 2/ " A ,")1" "5=+ E+1Eh ,



b*™8 0"+1"E' 4™ 4"+ "F "804" (" 1" "'m (A
,E' 272$5 1" K+ F1 7
A" 4"+ 1FO"BV"+5 ".804™ 4"+ "F 4"1" 1l
" 4"™02'4" B "+m "™ I11"%!84™ a ("C¥" 1M2F ™2N'm |I™
4" Bm 0" vy "/b"T+ ," ("C ;I "F " 4™ "¥BaCuO
(C(0< 1BKXOBI02' (A 4+1L /L wO<
$ aC\(
" ("C4™ B4"hO+ "™*%8D "/' 1@"K'™ + ™ 0G4™" B "+
YO ICuO 1h0™%T 4$pray dryeri™"C G ™ "< I "+ -0"%K
" "A" 4"+ M0"%T YBaCuO "8V L"B 0"3 4") V(B BaCO
" o™ ("Cg ™G "m4m™02'/™(™C D "™? &™ kD(™ 4"+: C
"A" 4"+ |<"* ["8)D0O#1B ?7"C "+ ("2 "aK 1L /L
p¢(c1 "~ ")y (™ "+ 4m02'1'" + w0"'8) "54" a 0" SEM +
(Cl+ 1Eh , MOa<P?rTB %+5 1' K+
b3 c - \&
g"G1™ 4™02' (""C4 "E% "™ 0G ™+ - 4"%
"4™o28 ™ 1™L 1GoL™ L 2i<™Cc /™ &™ | D™ 4"+9 C
Ax 4™ ="+4/"E'" [<"* " D "#0d " ('C VLC
402" " 1™ K+ " FD(™C1 "% " ("C "%/T "/F 4" "
SO ™o 0ot M2 1"% <4 (t"a% o Acm (M7

" 4020 9 :°Acm} B="+ "E+ ™ A("A/"E'OB ™.K I11™8h



4+ ("("C ("C 0"WBDO#4™+ ('E "F " 4" 4" ]'$%8
T4 0T VTH 0" K+l A4 'y [ (A
1"L ("C " /<™* R"5 -" “*%/"E 109D ™a5 "/+w0"< A
4" 0"h"2 ('C%" 10'%+D"a5 4™ "F 0" " $ /| G
1F "2N'm "4 4+ "F "+* A"80 "C 1'L (C4/)W65
1"4"02'm " " "+4" ("CMB)$2'dB4" a = 4%? (Ct
" B="+ " "BI('"Cg"G "4"02' 0"3 (+0'C4/< F 4 +
"£™ " WMB0BI1B("  ("+"Q D "?~:: C b"# "™/LB "G
VL'C " ("C4"Bm " 4"+4" 4702 /<"* (("C "$ E+&
(" AO"F 4™+&+m " D"@"376 4™ 0"h"2 ;" ("C ™’

, (C 0 pr 4 o+ <
P"? "%+5 ™) (™ R"h I("A™ 4™+ "4™02'1"Eh , w0"<
4"18) "Su " Q"' (1+ 402°4" 7"BB " 4*)1+ 1Eh , MOa<
4"02'J "h  *"%/T "D('C "+1'"Eh, (" Pz" ("+1'" + ?4+B
1" + ('CP™1"Eh , MO"a< (. ")1" *"50/ 1B(" ("+ ("C "N
"+ ("C-"2& "'4"+ "E'1'Eh , MO"a<P "2 (*# 4"~ 4"/ ,0'Q"

,0+( 0< /[+wO0< 402 (C+

MO"a< (. " FD('C-"/ "%+5 "+12.J'E 4'a+ 4" f C
"+V' (‘CP"?1'Eh, MO"a< 0+"+1"!, 0'F ("CP"?1Eh,
4™ (. " TH("CE" *"4m02 /" +Y "™+ " FDC 0"& "%+5 0™+ ="+

"F "™ " 4™ "+12™02° 1"Eh , MO"a<P"? "Kk8 %L"C



[<"* T "F 0"C 1" 4"3?6 4" 0"h"2 (* 1" "' F
"B "+,0"a™ ("CP™"?1"Eh , MO™a< (™. 2" Np *™8 M& +
4" "F"+M"B "B"5 D"all/l"* 4" ("C "F [+
(Ct F-?2 (CP?1Eh , MOa< (. /< *
5: - \d
fCt eC4+4! a V#?2$ y I
"F " 4™ "¥BaCuO ™ 4™02' <™ "+1"B ? "2N'm
(Ct 7
w 0™'< 2" Np *™8 M&+ [<™M* "FE "™ 4™ O"F
, )1 4021 +
wo"<  f<™r Mgt ME "+ 4™a+ 0" /™ + "l a
(Ct XI1L /L
$™ 0" 4"™02° 1™Eh , M@E ™ ? ("™ +V" 0&1™ +k
L )4 a(+4 (Ct
Jl

1. C.P. Ostertog et al., "Alignment of SupercondurtGrains by

Mangetic Casting,” to be published in proc. Of tGeramic Society

90 th Annual Mtg., Cincinnati, Ohio, may 1988.

2. SJin, T.H. Tiefel, R.C. Shewood, M.E. Davis, nvV®over, G.W.

Kammlott and R.A. Fastnacht, "Melt-Textured Growt f o

Polycrystalline YBaCu,O,., with High Transport J.at 77 K"
Phys. Rev. B.37[13] 7850-52 (1988).



3. M. Murakami, M. Morita, K. Doi and K. MiyamotoA New

Process with the Promise of Higld, in Oxide Superconductors,"
Jpn. J.Appl. Phys28[7] 1189-1194 (1989).

4. C.B. Martin, R.P. Kuroshy, G.D. Maupin, C. Hah, Javadpour
and |. A. Ahsay, "Spray Pyrolysis of Multicomponer@eramic

Powders," Proceedings of the Third International nf€ence on
Powder Processing Science, San Diego, CA, (19@0),08.

5. B. Roas, L. Scholte and G.

5. B. Roas, L. Scholte and G.es, "Epitaxial Growth YBaCu,O,_ ,

Thin Film, by a laser.

6. R. K. Sing et al.,, "In — situ Processing of Bgial Y-Ba-Cu-O
High T Superconducting Film on (100) SrTiO and (LO¥SZ

Substrate at 500 -650," Appl. Phys. Lett.45,2271 (1989).









>U895$G+ $°? # 2V L M

D,- 2W,< G 569% 67
X}

*B " 18 (L' I'L1( bT+

WO™'< (SrFg,Op) 0™ E' [ ™ 8le™0p/T T ™ ™ g "4
) "L+ MFOH"™ ™ 0"<+ B="+1I™#V"E'/G "/+1"Eh ,
" SO"BI"1"L/ "O0BO 1L " "+ "A M) " Bt 4™
4"+ ") e6"# " +4™ "'A1"Eh , WOL1/E +1" 4+" 0" "L
r<="+ 9T ™ " 84™+e"%/T "' *8 tQ"BI™<™ 0"3 "2
, 4/8) 54la 0 OE/ 8
V"2 CO"E'/ " 84"+ L% O0+(" " 48"X tQ'B4" .""
("™ P"G "+1"G B*' ™AT7"BB ("+ ™ ("C1" +(" OB'(A8+"%/T
48X 11" 4+ ™ (™ (" )(" 0B:: 0e0™ 0 "' ki G1"Eh,
1 "GSf4a’ 0+ "8 [E "+1+0°) " 4" " 0+(
"4 ("C /<" ("K 10" b"'4"  L%" 0"2'48"X " @2
1"A7E "FL%" O0+" '«0'B "48"X tQ'B ('Cu's 4"a 0
, 418) S5PENB 0*' 4 (C (+ +A =+
? W%
MFe O ™" MOBFE,0, 1 028 -0™"™ g ™'y "= g x

("C /" 1"2U " +"A("0B * 0" 0" "2 (M =SrBaPh)



"+ "ALME +I=(B) 1"Eh , (" P"G ™+ "™A " (" 0B "F(/"E
(H) 4/0"0 "0"0 ™'7"E "F4" 1BO" ,0"2' /" ="+1 "~
4" 1"NA, " ("' "G("? " 4™ ("UTEA4I"MA T ="
10"+ (" O< A "4 ("C "+'0"B "Asl ~b *8 W/N/ 1'=0h /
" U 4TAT ="44/0"0 "+ 0"B4"Eh , ("PG 4&02N 7E H
"+Y0"'8 0" " /" "+ OB SO0"%a 1'Eh , wO0'<IV'2§" 1%L
"+ "@2 0'C /" "%+5b*87" " 4 °“N'MO18X (.
48"X0"2'-"/ " 4" 4" 1"{'C 0B SOV 5 1 1'*8 02'48X
1" *8 0" 0"&4PBO Bi,O, V' 5 ="+SfM" "+ " ('E
4’ 4" QU+ 0" LN HE "+ HY " ("C4+NBWESB* 4+
( (" rTB1+0%a 1 *8 125 34a’ 4~ 0+12 3
1 "GSf4™a’ 4" H,BO, " 0+(" ™48"X tQ"B4~ . "
("C &™ <™ ("K ("Cak "C Q"B 4'Si0, L%™ ~"
Q"B" 4/8) "54™ a 0" (SrFg0,) 0™E' / ™ 84™+" 4™
(" J<™ ("K "+ "2 ="+1"A7"E "F SiO, H;BO, «0"B *"8
18"X (. "+0'E'/ "8 " /" " 48) "51" + 0" *' 4
12™E5*" SiQ, 1™ *8 ™2 4™+ HG/ ™ ™#< ™+="+ "FSrO
, VLB 4. D!'a
$ X$\(
O+(" '« "B$2*"IT" " "8 (/" ("OB(" A8 )" 4+ +

4 "E% P'G " S "A4"%? " ""< 0" 4" " MO"%T 4%7? L %



"F (" )48"X(SrO6Fe0Q,) '0O™E'/ ™8 /0 0/ 7"BB4"+ ™
18"XSrO "+ 0"E'/ "8 /00/M™ o7" B I"™ +"A "& (" OB
/0 oM o7v™ B Q™3 "™ vyt o) oM™ Sig 1™ *8 ™
(C B A4+ (C48%i0,4 + (. ( )ST/' SrO525Fe0,
™o™ /OOM 7T B4™+ ™3 0™ ™ '*8 ™ 48"X P™G
4"+ 0"+* 0" 1 ™ 4 "E% (" A8 ™ V"5 IO"™E'/ ™8 /00"
S"o Pz" ("CS "A1"CIB S™A "Bx "C &™ ™ D(™
9 KOeD("C "+1"Eh , (™ ™ I11L ™ Q0™el: ("? "3%0 "+ 4%"# ?
mm "a5 4"+ 4%"# ? VLAD/" " 4"02("Cg "G "*2 Oh4+ ( )/ 2
D 0™"# 4™+ pPz™ [™ = & C ™ : mm1™ .B-0""h
" 4M02(("C (" + P &" "+4" 2 " x"0Bl mm T'X "+1 "4'02
wo"< (™MCPh™, 9:KOeD(C4™+1™E G1™Eh , (™ ™ O0O™+*
u™+ $ "+ (permeametery ™ G ™ M "ASTWTE L,
(() 'B(2EG1K
b3 c -, \&
"+ 0"2& (" "GB* 17@8C /" "+ "A"1GOL L ua.
b a %wL"C 7"BB4"+A 0" € 0"K} ("CPh™, ™A O0"K
ca"E 4K;"#VL"C 1" h 0"h4"+ O™ " /"E ," ("C "
1"? H"("C¥" A "+ 0"2&0"K A 0" 4L"C("? (&54 O+

0" e0a" ("C$ "/ 4"+V" 2BV" +4*"'1F "<1'Eh | (" 0">?'(&



g"'G 0" 1"E'1/ 2" 0"21 "g"G "t ("2 "+DK#
,C (0< OF (C

/00" 7" B4+ L%" " OH" "48"X V#?2y /[ 1<+
48 "X "+4™ " "'4"+NB ("C b ™2 VL"C O"E'/ " 8
4"%? " O+(" 1m=*8 " " MO"%®"%? L%" 1™ *8 "
"A"™ I™ D="?4"+ "E' "B+1"Eh ,w0"< Q"B " S "A
48"X x "C VL™C n(" y™/v* "24"t0"2'7"E ("C /™ " +
VU#? ™S ™A 4AM%? o+(™ ™ MO™%T 4™%? L%™
1™ *8 " ("# 4"+ "E' " +"AL1"Eh ,wO"< 1 "~D " B™ (")
0"a" 4"3?6 4" "@2,(™ ("C "k -L"C 7"BB4"+I"™ 0+("
="+1"~A7"E 10"E'/ " 84"+ " 0+(" 1(™ (. 1"? ™ 48"X
"O0+(" (. "NB "+ H"," 0"+ t0" " +"A SO0'<1Eh , wO<
W("Co" 0 "' 4"0G{0"5 44" (" "("Clex ("C48X

("C 0"+ ("E 4™+VRBC B="+ " " 0+(" (" 1 ("G "8
o"F ™4™ "8 0"h 4"+ 438rO "+Si0, B,0; 4™ 0"a™ 0"dB "~
1"/? "<0L 0"h4"+4" ("CISH" "8 0>? 1H 8VLBI

, /18 (0<Y;B$ GW/E [/
"' QVL"C 4" "@2 10"E'/ " 84"+0+(" " 487X "+

o"g™ 1!'™ W/"E'" /0 0/ o ("K 1+0"<1"E h , wO"< | @T
O"E'/ " 84BO0" 0 W= 07@"376 VL"C " 4" "@20"2'7"E

W"'tI"FO;, BrOo10™ ™E' tQ™B KB W (£™C0H (™ ("+}r "<



W"/N/™) 1" V#2494 W" B10" "E' 4+ " " @ ' B=+

"8 ="+@BO 7"E "F4" (" )M /"

+ " 4"+ [0O"E'" / A

y "M ,0"+ (" 0< 3B"%a ™SrO (™. "+ /00/M™ o 7" B

" "E'"+ /00" "o O"E'/ " 8I1"X? (CV#?

" 0">? 4"/8) "51" +

o"DbD"/ 10"

(M )S™T" 910" "E'IL%™ 1™ *8

FeO 4B0™ 0 "] SIG,HrO418™"X} 1 0™ ""E' tQ™IBVL™C

I 4wy (G Mo [ T Sr0.5.25

x"OBI="+ "G ". 4"+| "G4BO" 0 "+4702'1GOL"™ L uh™.

{0"5 4"+ -0"2! o4™ ("C "4™02' ™ 4™(™ )rT"
4" 1B O"#," 4/"0G

o™ ]oL™ L

Xx"0/ "  4"+I1="+4B0" 0 "+4™02
)T AN & "HA%H?y KRB W *NB ("AV'2& 4"+ "I'2 4" (C
0*2'rt™ SrO FeO SiG, 1 "B"

@ 4ll+ (IIC V Lll B

4"0't ™ 81 ™ [ ™ "™t 4"
x*o/ " 4"+ O0"+SH"DO#+X 9 X
SH" 4"0't " 8S"0 x".84™ ("C W2%ME (" FDO"#4"+ L% "

AV2&4+ "2 (B

5: -,\d
1"~"b*8 "F}" O0+(™ V"5 7" "1™ 8 ™M 48 "X "M+

0'E'/ " 84™+"4" 4" 1+ ('C  ")"F}L%" ~C/ + A
(". "+ /00" o7" B™0"E'/ "8 )" 4™

"A18 "X

0"E'/ ("E

4"+1"/ 8 ("C /" " +"A$U 1"Eh , wO"<4" ("CrT"

" 4™ W B("2& Y0"8 1™ *8 0™ 41"("3'4"H+1 b *8 1 FOB V+5 Oh



Tttt 021" " +"AwWO0'< 0"+ 0<b’ (C* 2/
"2 " 4" ('C 0B SH'4"2' "SH' 8 80>?'(&DO0# x.B8
7L T2 4T [ 00 07" BS™T/ M+ +70F2
R+"a,02' ("G1"/ "+"A" S0'%a wO0'<4"+ DBl ' *8
| §910™ ™E ™+ /0 0/™ o7™ B ™ S™T/ ™+I™XD™ a

A ™4TE% < 0™ 4™+ I'%E ("? *™8 ™+ n=SrOfFeO
("« (" "48"X "+ (C4"E% 0" S"APz = C (?

1"Eh , w0"< "/+ O"B" | A/m1" B "a5 "+ 0°G *"F 4™+ " 0+
ki G(" P'G "+1" %A (‘C7T'EwO0< "+ ,027E +A

") M4 EW(U(F4T M Mf4AmE™= 0+ i Oe0™ 0 ™
So" "F7" ") b "L 0"&4"™+ "0 SAD "a5O0EO L
4B0" 0 "+17 8+"q "E+0'G *F 7"BB (+ " ('C ;" B+
("A$ "81'Eh , w0'<4"3?6/"+5b *'8 "L 7"BB (+(CV#?=+

Ji

1.A. B. Van Groenou and P.E.C. Franken, Proc. Bera@. Soc.,
28, 243 (1979).

2. A.L. Stuijts, Trans. Br. Ceram. So065,57 (1956)

3. G.S. Kirijtenburg, 1st and 2nd Eur. Conf. Hard gdla Mater.,
Vienna 1965 and Milan 1969.

4. H. Harada, Proc. Int. Conf. on Ferrites, JapaB54 (1980).

5. P.F. Bongers, et al., ibid, P.265.

6. F. Haberey and F. Kools, ibid, P.356.



7.F. Kools, Ber. Dtsvh. Keram, Ge§5,301 (1978).
8. V. Pillai, P.Kumar and, D.O. Shah, j. Magn. Magdviater., 116,
L299 (1992).















* G-G +OX$ 5H+t2 G 0 1F?

6$# /

H $# m-~.

6) ' I1( 18 (L'
3 *+

IE%' [E@ 1I'# '

"+0"2' (" OB OB(EDC)1L /L 4%TBm 4+ *®%8 7 D!a5

A-"dB $T"'X ("F " o075 %8 1L 0G M0O%T 5

D"a51 0"G 0/ ('C "<fi™u 4%TB <4&02N 4+ /L R h

4%TB ? OK 1LB/ 8-2&A 4+ GW/E'4/E +VL& O/

(2°1r21X& B + (OR 1L/ i

0"G 1"VL"C4+ O 4FOB + 0G$ B 1LBIm 4\WeTd/< 4 .

=08 00 (E +1# 4 (FOSECOW+ 0 0(CaSi) *%8 o

(CaSi) 0"G$ "B": + =08 0G A OG® (Cea 1

4+ SH
() 1+
? W%

-" "+ " (EDC)4"+°0"0 " OGWMLC $ B 1L /L 4%TBm

"+ W5 8) 5 ; 0 (UMIST) 1EK$% OE FxOB |

" 0G (IB1VLC OB m 4 '(+D.KB ,8 1&0/

'A1VLC $ B4 0,02 i/ 0)'0)1( -LC !+ Dla5( 0B +



IV'L' i A VL' 0GI 1+ =08 0@ OGf (B &4/8 HG N .80 +
0"GI$ " 0G u%5 0GI0O 0M i0 OA OGI i A 0G
, "2%G*"%8 " 0G M0"%T 0"G1l "#"0"GI* =08 0GI$'( O

ki : mm -0"h 9: 9:: mmD!a5 (' meshk: B:: 0G (#

" 4% "3 ("@G-L"C 06 7 wuOB (ST'@#1 ,Bab
-/ + 0G (+4' R5 ST/, (C(0OB*B 4C0) +cakE D!a5 4
" "X "2 1L'L wO< 4/E' +1B!a5( 0B F( E
ME 0"G i0 "/ m 4"+ "'AYLC4 () 0G 1Bl!la5( 0B +m
VL"C 49mm "a5 @ mm-0"h4+1B!a§) + OBL 1'=0h TG 4%?

"N "+ "% 4" }Stelite "NB*'+ () 0G LCOF /L

i" 4"%TB 1LB/" O0'"K "8-& "+0"A ; =08ca + T bCOG
W" o(Q'Q" OB1L /L 4%TBm 4+4'02 (C(0B .80 +1L /L
"L /L 1™ u " 4"%TB "+ *2 @k 1L +-2&/E  GA4/FE
4 . ~0EB4/E' +9BIl: }(+ b *8 43?6 Vb Oh4+4/E 4 ( L
~=08 A *%8 0G @aSi 0G MO%T VLC $ B 4 + X?

( 1 m*1L /L 4%TBm 4+
$? 58] D< H! \(

" DbVR"&T7"5 0G0/ A 4 RIC ( (B &D* NB

" 2E5,( 1 " A1L/L -! 4%TB ( VLC( 21 Z,; BO -dB
5 ;/ 041 <4&02NA%TBS$/E i C$/E 11' <4&02NB & 1%#

"B ("Cvd/ (L4+ O Oh4+#r nF < 8q < *GV C4/8)



43Ki/,)1 ) ( F OE B J + , 1CV+5:KVi/
y ) (' V+ Bligh voltage probec 0B 0G 0/
Tt EB &( i/ -'B4 !
-}
g(LI)+RI+9:0
st C
, (V . R <4&02N 8qClZz. 7 XL
)1 VE ; ~}4 !

2
L0 Rl AR 1 4
dt dt dt C

CLR " 4"+1/E+(‘3—T:0) (C++t .4L s8 +}4 | V?

"+ " [LAO" |/)*£9:2—|T_ AL 4+ E' rTB OB «%/T 24 ,

1
B &4 +
f(B &4 x C(CH)

t=o,1 =0, Idt:\é
C

2
(%)2>é (over damping) (Ct4 il V,

= Yo [exp( b+ It - expC b- Int]
Lw
1 R,
w= (—)- (— w = angular frequenc
(LC) (ZL) 9 q y

R, 1 )
—)° <——(oscillatory) 2.
(2L) I_C( y)



I ziexp(— bt) Sinut
Lw

1

R ., . .
)2 = critically dampin
(ZL) LC( y ping)

I :\%.t.exp(- bt)

, (C ' VLC YO8 ? b21K
$ X$\&
0'G "A 0'G "+4'+ PG «l:99ISi + kkCaV CCaSi 0G (/+

("+4" "+ =0"8 "A 0@ 02'MO%T +%/T 12N?E'4+ 1+ =08

—|—]-|— _C8Si* M6 1"IN? E' +1 hO%T (C ;/ :: ~9: mesh
7G! + M:6

"0$TX (F75 *%8 1L 0G M0%T 14'02( )4 B -

P"G1 0G/0 [ P /L 5+ 4/T polycarbonatd® F
4"&02N ("C <fi'll1X& B + )0O%F + OK 1LB/ 8-2&
4/"E' "+1" VLC4'0/ D!'a5I1vV2&-0di$ 21 4%TB 0G 0/ 1' <

, 1% 2LBD %2& N -.)' +7 1L'L . GW/FE
S "+$ "B ("I+ V"5 0"G4M02'1 ' 4 1'< 8¢

1" 4%TB PG (A 4+1%< 2/< @) ) (' universal brifge

8 "0 +-2& +8) 54la 0 0]0L L o+ 1L /L
" 4m02'1L'L . B+ Hounsfield tansometdR OK

"IB  4"a."4" b"'2<b " A""N' + (C ;/ TTC-M{0" - 0'0 C



_16F.L

J4LB * 4%#8It0 'J! FA 4 5,=—-=-08 12<
,8) 54E . s, . (CH 402 a5l

b3 ¢ -, \d

i"/ b*8 "+ OB "4"02'1L'"L " . 10" 1 +b G4 0h2

("K *"%/T " 0G b *8 0"B"2' ("K' 0'hd"+ " 4/( T+ 0 +

v NB [ (0" i ") (" 1" V'2KB "/ D ,B 1#<

("CSfA* 2"E5 ™+ (" )("™ 0<4™02 1/T"E) "ELC 7"FO
(C(0< 2'1 <0B4'0/ D O#4+ 402

"FO0"& 0" ™2 ™80 "k"< ™ 0"G$ "B 1" VL"C

0O"G KV "21 "G "il , ) 1"2" 0"G "4™ -"dB 7FO 0G 0/
"+ 0'G (4 " .,B(" 1" 15"+ ("L 4"+-"dB (58" D O#4+
i"/ b*8, (" "24"+%$"B "; o" +1"™ /L 7" 51"( VL"C

, ) 1402 (CALRLB N;' +7 *'4%TB

="/ "+ "A O"G 1LMO" ("# "8 "+4" (1" "' "X?1" +
"a54"+14'0/" VL"C4"+ %8 7' D"la5(" A8 "+ t0" ", R"5
"+18" 1L'"L " . SO0"%a WG6LRa™ "; "+ @ mm-0"h mm
"t" "<OL W" .B 4"02'u"a. 4/"E' u" QBC%* (0BV+5 02' N+F
T 4/"E' u" OB(" 1" " ,B*™'1/T"* 4/"E' u" 0B4'02' a5 ,B
I'K+ 0" 1%./"'E 4" . 4™)(Fo4"+1"L /L 4Ban 4"+ (C( 0B4'02'
4"/8 0" +4" "+-"dB "; "A 0"G1"2N? (#b *8 + 4/8) 5

"N PG ("A " 4"+ "4m02 )1t 1L'"L " . b *"8 4+ N



vL"C "4™ -"dB  4"02' "8) "SIGOL" L 1" + 0 18 )0 / V?
mBJM 4T Aok ™ qMo<™ D™ B ™ ("C ™
43769 k %L™C ™A 0"G1"2N? ("# 7T"E?+4™02" H"®&L"C
"AL2N? ("# b *"8 "+1"2< " . 4" O"Cl" (" eO0"X 4"+, ") 1
, H@2' 0 +gOEK Oh4+ MGC ,BL (1 O +i/ b *8
"+."2& "+1'L /L i™ 4"YABL'X& " B "+ 4 ( )4376
4"&02N ™8qb ™ ™+1Ka™ Sf 1kK0™ ™+ "@2 O"K ™8
("C1" (L'C ("5VL"C4'0/" ("C(" GB"a54"),02'S /[F OB <
4"+ "E' " F4/"E' $2* "D " ,BVL'G0'A" n"<7" 5 1' A4+ L
$2* ™ "E'DO"#4™+ " F4/"E $2" (" 1™ "' "AL1"2N? ("#
4/"E' $2* " 4" $' 1" 4"376 ,0"CL" " IB4™02'ua. ca ?E + F
"G "i/ b*8 " (+1" " 1(" "A 0G * b*"8 + F
( 1 34+ BOEK
=0"8 0"G *"%/T 1"2N? ("# ™+ 0"GI™ b™ A ™ "
4" " ('K "A 0"G "F4"+ =0"8 0"G /" (" MO%T 1+
(+1" b *'8 H'G "N’ "N; " 1Ka" Sf "+ ("+0GMO%T $ B A
O"C /" =0"8 0"G 4" 1™ "ELi™ 4~ (" 1" "'y "/'4"E .
4"FOB "VL'C A"+ " "2 W"028*" < $2*B="+ 7B 4+ 12<
~VL'"G(" 1" "' b*8 1("*' "F4/ "E $2*" " ? (
"A =0"8 0'G 0"FO ("E 4"# D "B4a" 4"+ L2 D B

(C+



5: - \A
" 0G1"VL"C 1"L /L 1™ 4"%TB(" A84" " ' X?1 +
R"5 -" "+ "5 M 0" w8 1L " 7" D"a5( 0B + OB
,0"2' (" 0B0"%a 1L'"L " . 1Ka" "X "+D"a5( A8 +t0 [/ G
"GWE' H"GL"C " B "%+5 4/"E' "+7"1aB$ "Bi"/ (K
0" OB 7"5 (0@ n"<7"5 0" 4"+D"a5, ") 1" ( 0B
,02'STI" 25 o]
M&+WMER2EsH) ™ 0"G =0"8 ™ ™A 0"G2N?("# b *™8
=0"8 0"G ™/,0"@™ " F4/"E' $2* ™ *"<I1L'"L"™ . b *"8
0"G " )0 1<+ "+xB" B " , "24"+ "/[+y " "1+
,E' 4 Jh (E 4= TX 4 VLC 31+ =08
Jl

1. S. Clyens, W. Johnson and D.T.S. Al-Hassani, B#tent No.
5778/75, (1876).

2. M. Shakery, S.T.S. Al-Hassani and T.J. Davieglectrical
Discharge powder Compaction,” Powder Metallurgy .,Infl1.120,
(1979).

3.T.J. Davies and S.T.S Al-Hassani, "Preforming Métal Powder
by Direct Electrical Discharge,” Advances in Maatsi Technology
in America, Vol.2, P.147-152, New York, (1980).

4. S.T.S. Al-Hassani, "Shock Waves and Strain —RBteenomena
in Metals," P.851, New York, Plenum, (1981).



5. T. Alp, A.F. Darvizeh and S.T.S Al-Hassani, 'ferening of
Metal-Polymer Composites by Electrical Dischargempaction of
Powders", Powder Metall, Vol.31, No.3, (1988).

6. A.F. Darvizeh, M. Can and S.T.S. Al-Hassani, etdtical
Discharge Compaction Techniqgue for Welding rod Maoture,"
23% Int Machine Tool Design and Research Conf. S&8I82).

7. T. Alp, M. Can and S.T.S Al-Hassani, "Electropkmat
Compaction of powder Metallurgy Components”, Powdeletall,
Vol. 30, No.1, (1987).

8.S.T.S Al-Hassani, M.Shakery, A.F. Darvizeh, "Pewd
Consolidation and Disintegration Under High Voltadgischarge”,
to be Published.

9. A.F. Darvizeh, S.T.S. Al-Hassani, "Preformingdarshaping of
Powders by Electrical Discharge,” Presented at rhateonal
Conference on Powder Shaping and Compacting, sgdnby the
Institute of Metals, Oct. (1987).


















-$#$ 56 ? $#5<2P 3
#2,-+:#62

1# $%& ' 101( (L
#<#" 0%

i' 0 OGI (L OG

“ 0 "8vVLB 4B1 0 4(+1%< z(%8 OU I B Jo+

™ ,"8) "54l a 0 DTA/TG XRD C xO0B TG TE? +
&" " > C10""TG " S"T" + ABOFO D B 4 ()
02'V EB 0O 8vLB1 % BST/02" N 0 8 ([ (?

4+y ' ,OCL7TFO $ /| 4(+4+1+/ + SO%as . z(%8b *8

"5<¢K+ 0" 1L " "+ "+( QB + 1%5 C *) +4a+ 1%!8
)1
? W

1'# + 1B ?j0CV+. SO0< E+ . h<4+1/ 0 L

"+1'B 2 1L/ )0 Jh 0 ( wdi 0<4+
1" 0A L "4+ "E'" Jh (1 '0< 1" 4+ +4E .
R o LY L o LA < 0 + B (2&(Ct B
2MgO2AL,0,5Si0, -0" 8 + 0 87 B(C4 w<i1L /L L
~VLG 4/8) 5 =047?' $E% $* I$ OA (E 1Bt $/E

1%# VL,0C ;/ O0U B4 0 1/ 0 L 1'#(0B +

(A



TG( 8R5-/ (C1 O + E+ TG (K1 O 4'(+ <
-0"KB 4" Y"A O"F 4+ 3' 0 D ?4F 0 80%a (. B 0G& +
"8VL"B4" 1 "NA 1 48) 54'a 01/ 0 L 8
" I("'m*)1" 4 0 +4%EE (@4 07 Bu+B 0
, )1 51 + 0 {0OXO0 1%!8
$ X$\(
“ O 0+1F < 0A 1% z(%8 OU I BV C ;/ 040
4"+ ( +1%< g < 0 OA(E O0+%$ h<4+ O0AS$ (. *8
MO%T (C4U -(F (C4B 4(+7 B(Ct X7 0=08
4"+ =0"875 I(C-0') (+(CS B& \ +1 AV -+ 0
4"F " 4m02' "TE'("C  VL"COmm T"X :mm a54+1w5D0#
* "A "C xOB O 8VLB,8)'N' & D(4+: 9 CD ?
()4 aPL 4CmG 1B ?
b3 c -,\&
x"0OB9 Cmin " ") &" "+t+4 A, A4+ 1B ?* 'AVLC
" "B ?4"F ("C (" D=0"KB, )1 ( ( (C4 BDTA/TGm
4 % 1B ?4*NBW#(Q(ECTX % OU | B 4*NB4+MQO:: C
"B1%"#\9 C \9: II: 1 0? GxO0B O+ J 0 B7 B
W/"E'"G " "+ C10"? B4*NB G D ?4F 8 -0KB
(C%¥" "D"+ 4"*NB4+ MO+ C 1B ?4 K/, (CrT «IX

"4" 0"h"2 O0"'R"80B " OG BTAm + 0 8VLB4! a



0'B" 9: C10% "“B* G+ O0VLBI$ K+1%5m ¥
( E OVLB4+ 9 C B* G .K 1>+ , 1T
4"02(" Y4l a XRDmM 2 4+<%/T D ?24F @2 8-OKB
( 40h 2 ,)14326 VLC TGD ?4F ~4+MOm G O
/"08IVz" | B/EOB G 3{0/ 80> G D ?4F 0Cl
102 "BD "?4°F b *'8, "+TBV+5 0 3 0 8 2 4+ BJ/E
W="2/? B/"E'OB G1" F ™ 8 0"7" BI$/"E 1%"# "8: C
,0+( 0< +0/E
42 423X 4IC m Gm 4+ TGD ?4F 4+ E 081E'D ,B
D" ,B('C " 1%< (/ 0&4+$E% ( 0%8 ,8+HG " N'
,) 14326 KVLC D ?4F 4+ E 0 8m G1%# DB(C
b*8 " 0 "8 ( A, A4+ D ?4F b*8 +(1 34+
("CrT" 90 C10? 08 ( (C+4/C: C10?BLFOBV+5
" D "?4F 0 8 4376 V+5 (VLECE (# \ [ +4
"“2b" N'4(C+L1U %4 + B  V 4+49. C} GW/E
( 21V EB MgO,SiOALO, (E +(F
(" 1" 34+ E'( 2 0 8b*8 +1'=0h ("
9VL'C (+1"b" " 0 "8 (. 4C4 + 0 8b t
D "24F 4 +-D ?4F $2* }TG 4+ E' 0 81ED ,B

"t 1"?" 0 "S8VLBWB(@&®: C ,0CL ( A4+ %/T

(". 4+1'=0h ' (OB O 8W g: C (/812'Y:B 1'=Oh E+



"81"TG "BO "' 1'?4" 0'C ( 90 C ,0CVLB1FOBV+5
4" a 0" 402 4 1%!84! a 7 FA%EEA OF 4+ O
")Y(" (12 'b*8 0 8( & | B=+ TG
43?76 V+5b 0 8 (. ~& : W@[l'=Oh E+ TG

"TG "+1"/ 1%!8 4 0=08494( 1 'YO08 «K+4&02N
1 # 0 O+g/ %& 4+ 1 C /2 D ?4F 0 */
4+ V2& D=0dK {0" -? 4+1 0+D ?4F (K
"8b " "a< 1'=0h """ (™) "5 ;" O D ?4F 2 )
JO 3 (C4B 4'(+w0sC ( 0< 5 HGOCb W!h 0
, 48) 51 + 0 1%5m* 1L /L 1L*8
/ +1/ 0 4'(+ TGu W/E' (K 1%!84! a 4705 4/L
"'"TG 4+ E 4'02'12N?s ' D ,BVLC(C% 1%< 4 O
4"¢" ("CJ"d gj< B 0+ 4 * 4+MO+ /+1 W/E'§.'1
(K (C1?h z®8 ; (+4A, 4+ 1/?2 0Q 43?6 4 Oh
V' 0" 4™M(+ 4 , ( OF SH 8 (VLB a< 0+u W/E' TG
(( 48X +, (; =+VT%TB +4'(+4 B +WB(&5{C+ s .
" + TG (K4'/TC0<402Vs. b*8 F +A4AH+ z(%8$
B" b*8 ("1" "34"'f( 1 90 = C D ?4F TG L
A4+MO+ 1K s . b*8 B(B7C +(21 BO TG (K z(%8
j V+5 | VLC

5: - \d



0B IF < O0AS$ ( 24+1%< z(%OU | B ;/ +
,0224B#\. b+ 0 8 ( +1/ O 4'(+
T+ 1 34+ & | 9: 9 CD ?4F (K
1'B ?4*NB TG1=0h (C% 1%< O 0* +x C
,0Cl 7F0 0
0+ X-0dK 18 4/E' 4+1+/ +1%# 7 B4+ z (%8 *8
, H12'15+ TG (K +S0%a 't 4'/T CO<
Ji

1- R.J.Beals and R.L. Cook., "Low-expansion CoitikdPorcelains, "J.
Am. Ceram. Soc., 35[2] 53(1952)

2- S.B.Boskovic,M.C.Gasic and V.S.Nicolic, "Electevamics Having the
Cordierite Structure, "Brit. Ceram. Soc. Proc., 18,(1968)

3- C.A. Sorrell, "Reaction Segence and Structutdeinges in Cordierite
Refractories "J. Am. Ceram. Soc., 43[7] 337 (1960)

4- M .D. Karkhanavala and F.A. Hummel, "The Pplypiasm of
Cordierite, "J. Am. Ceram. Soc., 36[12] 389 (1953).

5- F. Golestani-Fard, T. Ebadzadeh and E. manitt&gis of Cordierite
Electroceramics from Iranian Raw Materials, "anddpg@an Ceramic Soc.

Proc., 1990, Augsbourg, Germany, in Press.


















, <$#Y Z3

#<1~ o2

i 0 oG | (L OG

4"+1" 8 " + 0'<4"FOB71'E /L w0'< h"<4+$'0 (E
(C¥"R"&1L/ML “"K r"< "0 )" " ("G("F /L 0&
"L/t (™ b *8 7"FO MgO CaOlY,0; "3'1 " 1"d <' *“8 1"
4"N /" 4L"C10B™ 10"'ASO*™ ™ ,BV™ 4"+ ™ " ™1™ A
(Ct '0jKB %+5 ,B
1" + 'K+ 0" "'0 1"L/L (" "“+1" *8 0" "t 4" .
"+ (correlation factorl /"E2 7 "X ™4"+cK"dB7 "X ™ 4"/8) "5
Nernst-0'"5¢g" +(" + A "B "+4™ ("C4"/8) "3" 1L /L (
,0224 K 1L /L (I1OE O 0 O0; Einstein
? W%
I"3'$" 1 2"C™ . = C ("?Sf4"a’ "+$'0" ("E
("B &4" "8 1"%G vL"C4" " " 1" 8 2 I #
1L -'0) /Bl %0t
"+ " - "N DO"# . C ("? -"0) /B4"+ %O0" "8V("B
D"a5("aB "sv("B" ,~ " VL"G("C 1" 0"B (?3$N?b
v's5-"("# ("?"B"'0 "F" (" 2'1"C6/ "'0) ("C 4k

(Ct+ + %+5(584 (CSOEK 1 L  4%2F



" " (™E 1"L /L (" "+4™a+ 1"C *Nernst\ -"
4=+ "E' "[+1"L /L (" 15&™> ("E 4" 0"+ ("C "C m") "
" 4"+ " m*)1"h A P"G (" 1" "'0"< r"< ("E
7" B™  0"2 "CZr0,+15Mol%Y,0, 7" B7"  “E+1"L /L
k -™ Wagner(™ ) /™ "E' '%"=4"+0"0 1%"= " A
1"< "F " "B+ ("B1'NF 1'C'W" "0 10 (4 C
"A("' Y,0,ICa0lYbO,V" 5 1 ("E 0"2'48"X (1" O"E
(" GSf4"a' "BY"h D "?4"F"8 " 4" ")1 +0 84« (B 0
$"N? ™ B "+ e0"B "8V ("B &A™ "'0 7"& "2 4"N/ "
“%T "D "?4'F "0 4 ") 1" u";B I("CH
"0 "8D",B(" "' VL'G"1'$ "8A () ") +
(Ct A4+,0, *8 t
DO™# ™8B L ™ ™ (™ ™0 1" B ?M"™E'I™[B P"G
02 /1L Dlas< +A OBl kVLCR+a 1}
(CaF,) ™ 0%8 /<™ ™+ ™+0 "8VL"BO 4"4"d <' *"8 "+
("+1™ b *"8 1"d <' *" "+7" [/ "+0 "8 ("K 4L"C "+ Ot
w 7'E?+ "+0 "8 4" ("CH -('FR+"a 4L"C "+0tr "< "'0
(+1 ,BOVLCR+dLC +0tlid <"
D "?4"F "8("Cl* w0'< "3' S0"%a "8 "4 1IL8 Jh
" " b " wo"dT+ %O0™ 4"+-"0) /B "8V ("B-"/ 0"3 4==+

A ™" ™G ™ D "?4™F 1™IL -"™0)/B ™ 8 "NIV("B



IX"0O/ " D "?4'F 1"IL "8 / 4" G4+ "2 @2 Yh
4™+ -™0) XB "#0dT "8D6("B "N' ™ 0" ")1" DO"# ™ [BV"2&
(" )YO"8 2I'E wO'< 1'<+0" +<'&+ ("C-"/ W6 " 0h4"+ %00
4"+ %0" "8 "'0 2<["CE" 7"F " ("(G O0O"<{o™ 4" "
("C3" |+ % g/lcm ("2 A4/™E'  ")1" 0"<4™+ [ +$"3'-™0) /B
, %0 B$ /-0)/B -0)/B B/1IL 2/< 4
A1™h 4™ ("CH" ™ + ™ 4 K™ {0™ ™0 "8D6 (" B
kL DE(B " 1M 4+ " D4 20<t +VH? 2I<
SO"EK ™< 4" ("A " $"%&$"VU"E A "[B4" G "@2 A
)1
b3 WV \(

, <G-G 89 " 56#%$ (W
A1"L /L (™ (™ )SO™EK R™&1™L /L ™3 r™< ™0
" [B "+ 6"& A4 +CaOlY,0,V" 5 1 ™"d <' *"g "y *xaAm
1'0"'ASO™ &4L™CY0™8 (™E 1™ ! (™. 0™2'48™X ™t | ™8

(" "B tQ"B"'0 1L /L wO'< "+S0"& " 4 )1 N 10B

102'40 8 DO#4+10BS0& (A((G
X P «C v

Y,0; +2 zZ[jj +(82_) U 2\Z(jj + o +2Zr0, ~}
4+ 40E 0+1 < F4LC 1'0 ¥®,W6[ 02'48X +Ig +

b*8,)11L/L (b* 4N/ 00; VEB«&+ 4 (A OF



(G4 NABYO®Bd <' * 4 (C+ 1d<' ( +7 /1L /L (
0'n< 8B ? 4LC4 (

02" ;/ O 1L/L 2 0&4+ 0 0BYO8 D K XOB 4+ 4F0B +
("C1¥" ("G ("E ;"E2B W#0d< =b ?4F 2 4 NA

,02" ;/ 0O 1B ? 2 0&4+ A 10B

W"#0d< O"E ") ")(" OE 0&4+ 0 OB 1 + 6&

“N; 0"4"B W"#0d< OE 8- ) (,02° ;/ i0/ u+

"0 " + 1 2C/LRh OB4% O (+4 O<+1=+ 2
SH*%8 + OE 8 )( +16&4402 ) ( OE 1U*F 8
, )1 /0

, "1t it (" F <0" 0&4+ ‘0 (fuel cell)1/<0  V
o J *1L 0B / G ) ( + 0
Z3 +F G-G 7 (\(

*g 0 7E?+ '0 1L/ (D ,B+4a+ (C'N ) (
"+1"L /L (" "B ?4F 2B 4 1 ' ~,YbO,IY,0,V 5} (C

OB *'(F /L ((G AVLG(+1b 1'*8 0 b *8

(4 1"*8 (/2 1L/ L ( /+104% 02 (

7E?+ /L 1<+1L/L ( VLC , ( )( +0 8VLB

(C4E . (C48X 1d <" * (vacancy)l < F *



7°X " ,"8) "3 cK'dB7 "X (+1L /L ( +Ig +
0"'5g" +("+A4" K "4" (" '"1" (correlation factorl /E2 7 X
,024 K 1L /L (1OE O 0 0; Nernst-Einstein
T 5 4+ Nernst-Einstein0' 5
D, =KT.n, ~}
"%+% " TI1*0+D"KIOE O 00; 7 X D, 4a+ 4

f{Ct DO#4+1L /L ( +D4a+(Ct OE O jKB

Di :LZS
G (4F)

0" "3%0 8q7BB4 Z | 8 (&FIIL/L ( s 4!
(C£ )+tR TI3 O
R'"h (D) O"E 00; 7X ORRIL/A ( ) ( +I1 ++
x"0B 2'E " O"E 0" 0"0; 7"X 0 ,02'4 K~}4 !
A0"0; 7"XI4"KR"h O0B" " ("C ) ( *%T .K
O"'E 0" 0"0; 7"X4"E. "t A 4+%/T D ?4F  3%0
0'B"I" (C4 KIL/L (Rh 41 00; 7X (F /L

102" IB 4 'Rh 1/E27 X

fo=— 1

0"0;, 7" XD, "F /L OE 000 7X D* A 4

(C+1L/L (Rh (C4 K OE 0



4" 4m0)"2 , 2TB A (? 1/E2 7 X OB1 Y087 a 4+ 4F0B +
4" " 1"t ("+" 4(C+1 /LNO 7B 4+1/E2 7 X 0C1 (
7'F0" " (+1b 1%O0&t IL/E 4LC 4'OE '0jKB %+5
¥ poag v "3/ Je<+I1L /L (41NA,)LIL/L (b

b 7FO 4 < F}OE 0 =+ 3%04 8)4N/( +I+rb 1d <°
4+ 4 K + 0Blg + ,)11L/L (b 4N/ jKB %+5

8 1 Fy/l4+A+ 1d<'* tQB 1L /L ( 2

Ji

1.W.Nernst, "Verfahren Zur Erzeugung Von ElektrisechGlUhlicht, "Z.
Elektrochem., 6, 41-52 (1899)

2. C. Wagner, "uber den mechanismus der elekeracbtromleitung im
nerststift, " naturwiss., 31, 265-68 (1943)

3. t.h. etsell and s.n. flengas, "the electricadparties of solid oxide
electrolytes, "chem. Rev., 70, 339-76 (1970)

4. h.schmalzried, solid state reactions. Verlagmae(1971)

5. h.rickert, fast ion transport in solids, soltdte batteries and devices. W.
van gool )ed_, north-holand oublishing company,tandeam (1973)

6. i. weissberg, "a solid electrolyte fuel cell,éJectrochem. Soc., 109, 723
(1982).















L7$-9 HS$S $ [ - X$ SiC56,? 9

"S> 4< 2

1# $%& ' 101( (L'

"mto"p ("C4/<™ 1" , /" m 4"+ SiC " 4™(+ 1 7"02
"+ Pz" ¢"GIMO"%T ",/ ™E'4+1"AT7'EA" "Si a SIC 0G
((CAITG\: C 114"+

| O™]OL" L "+ "4™02' /<"* B2ME " +y "l 4" . "

"8 m4™Q02' 4™ ("1™ ™'y "™ ,0"A™ m *")XRD XRFISEM
¢ v™d/ b™' bk SiCSiC ™8 ™ ("CVL™Bb SiC u SiC
et M Vm&1 + "t @2, ("& a SiC ™ 4™

") "8 "TGV"2& "? SiC® Si+ Ch™ ™' 0" +™ (" 4"
, () QB ~E2B

2 W

("? "B Av"? Y"B "™ 1 "™RL'"L LK/M™ ISO"<1"B ? ("
("™ GII™B ? H"GjO"CI1™L /L(™ I="+ (™) ™#<I| Iz C

SC b™ ™+ 1™&™ . 1T" ™"24"+I("E ™aK 1 2 "C

, 1 1 CcB1 [ |



"G "m4m"2'u Mg ™1™+ 0™ 4"2" ™ SiC
1"L/L "'2 0"&4"+ A"84"+ "dKk DO"#4"+W" B 18h
,oa / 99: Cc B: + 4+ 0
="+ " Sic ™ 4™ $JE, ™ SiC-"dB 0"< "4™(+
b™ ("?™™" " ™g"G J" DO™# (" A" " 4"+ . C
" 4™+ 9 C (™? SIO, SgN,Ig -™dB "™&iC "™ 4™(4"™+1™
L'"L 11/ (" D "#0d< "< " 4™(+ L™ I(™ "8 J 1'# ( A
(Ct2" JdB 0O< 4'(+(? + KB ()
"FR" h SIC-"dB 0"< ™4™+ A ™ 4"+I11" OG " " J("
D™L 4"L c¢c™X0B 0"+ 9: C +™ OL%™ ™+1 2™Chb™
= " B="+1" I" 0" V< 9. C ™ "B1'™ 1 " A
, V< l#g/ IW6!8 V5 (?
0"F 1™ 8u+™SiC ™ 4™(+wO0"< ™) (™ 0" 4™)
(‘'Km=*)"~4"+ " 0"FO "/2 u+" -"dB 0"< 4"(+ < wOd<
)1
$ aC\(
6,, 9 (W
t(B &4022< (C /4 O
K9 "+4™ (™ "+e\ w0"%< 2™ O+ }1/!"#a- SiC 0"G"
J L 9

J L 9 4 ( es WO%<Si 0GS



+" 4"+V ("B "%+5 ("# "#/MH: CSf4"a' "+1"AT"E"
el
4'0/" 7" 5 ("Cc4" B-("F ("C ! "E'"+7" B{0" ~
kimm™B ™4"™02'{";B(""( )g™G ton/cmr ™8 "+9 mm ™ab 4"+
"“+t{";B "+ 402" 4"'2 2"E5 ('Cm *)y 4" )" 0"+ ,/
, 4/8)D0# mm
"GT" " "+ A$'N®9: ("?4" 1'/8 )4'BO+ " I(C VLO !a5
4"BO¢F ) ("+ SA () 2" O0"E'4K"# "+ 4"BOHRG 50+ (C
("C $"i "+"TGD"%2& ("C "59: C[(? " "+1"'L/L O
(C N VLC
Pz (™( ) 0"B *'2BIn "<4™B0+4"™02'l 0™ ("C ™ P"G
1L /L 0" &" D(" 4"+ 0" ;"E2B 17" B{0™ " H4'02
o" (™() O"BW ("N ("C ™ P"G 2™02' " (("C "5\:: C
BB ("t0"+ ™) (™ "a<(™? ("A ™ 4"+ " " .B "4™02'v”
+" " )b" 1"AT7'EN4 "*NB V'#? +" ""2B4" ("CV#? 2h
, ((2'15+ 402 A
LK™ 1T L IVRT%TB Iw0™dT VB "4™02' 1"L *8 D "#0d<
m*) Ay"4™ ™)") ™" "+A", B 1"L/L (TIL'"L
(A(O<

6,, 9 $ \ (N (



o (™) o"G ™'A 1 4"LBI4™02" O"FO ™ 8rT"B ™+
SiC 0"G1%"# 4" " 4™02' "@2('Cu'5 0"Gm 4%RDb A
((C b2 VLC V#? 0 ,8) 51 + 0b A +*'
"51" + 0" 1" L" O™]oL™ L "+ "4™02' "% ("Cb 0"Guh™.
“C (™ $ME ™ 9: 1™ 9:1™2)* 4™ a ™ ,"8)
, (C4U ID( 0 VLC (C i B (
oVvL"C ,"8) "5EMPA SEM "+ 1™ + 0"S304™02' "ELC ca™
91 1 "2)*+ "+4"02'4'"'4"=" b 0'G4"@ ("# ELCca 0dB
4"02' "2 1/'ELC " "L 0'dB*''e" | VL"C ,0"" ( 9:
S*GL "+* ™A 0" I"™X "2 Pz" 4" " ("C o1 "2) M+ "+
, (C4U SIVLC 4N/ 4/8) 5Sid&u 0B +
b3 ¢ - \&
7"BB4"+4" M6/'< SBO S201S15 " 4"02X4!"C m "G O
(40 (1M~ -('Fgt +4" K }(" 04SI(# \I
4"+1("a*+ b- SiIC a-SIC "8 VL"/ISIC "8 x".8 "4"02'1"TG
1" 1"'h 9: C "TG(" A8-0"h "4™02' " 0"F0Si4"2 4 Oh
, () b-SiC4+V (B
4" 7 B4+ ("N 4"F@EC4™sivV("Bb™ 1'0m~) ™+
A( 15"+ ("C4"*NB "G " 17"&E"4"L 4"+ 4"FOB "21 402
(. |4\ 7UEM (.} 0"A" 4" K " 4702 0'FO +" (L1 o+

-("Fe"C4"+9:: C 4"+ (" P"GS304"™02'7" B-"[ 0&4+,H



4"€304"02' O0"FO +" 4" (" 1" "' -("F ('C4U .,0+( 0O<

™. "™ 0"'18™"™ siC4"siv("B A O0"F0Si "+7" B "+4"F f"

4L 4"+ 4"FOB "+-"Pb"  0'FO OL%" - "+("QBX"8W .B +

+" - 4" $ H"z+ (" + W6"2& "SIiO"/L"/ x".8 "TG P"&304™02'

Q"B "TG V"2& -0"h-"E2B4/"E+ 4"BO+ O0"FO ™ R" h OfR =
, (C
VI8 " LB 1M+ "k [T+ " 0% "2 *U"? Y08 4N/
(" AS354™02' ") 4" ™" "E YO"84"X8 WE[21" 7"%h - "!;
SiC4™+V ("B "E10B™' A O"F0Si4" % 1012 1"h "Bl'=0"h "TG
,0CL 4#0B (256& .K 4+ F 4 -2 4+0C
" ("C4™ a uh™ 4% 4™ ("1™ ™' 0™]oL™ L 1™ +
(" 1" (" QBXRD* ™Ay "IIAy "/ " O™ WE"™"8 2/<™
X"0B 4™ (0"C' (" A%"# 4" " 1"CZ "8 ™4™ "4™02' " "2B
" "+ 1 B"B SO0<-"dB W'dT"dB(" ("C4"/8) "+ b 8 4
"B (" $/M'E "+ ('C(" "dB W"H0d®" " ( 1 '8
AVLG ()T [+
IF™/?SiC18™ 1"L /L (" "%&4™+1™ joL" L ™ +
(T" e0"X 4"+ "4"02' 2/<" 0+ "8 ,"C( O'F " $%81 '4=4+
Mo4T10'C1 (" a "8 "BC b "8 "dB4"% 4 Oh4+| 0+

4™N) ("C¥" 4™ a 0" ™4™02" 4"+ "E'a "8 /™ +1"L /L ("



v" 4"+ 0" "M o1™ 1@ b- SIC /M +a-SiIC4"&02 i™ MG
, 4FOBV+H 8 / +w0%<
0"+ V'T%T/ IW"dT IV'#?B"d0"+ 0" "8 -"dB 1) O<mOF
2 XRD V"#?y "I "+4™02Siu™ 0B 1/<O0"( 1" b "2" b
( 1 ' 402" Siu2NB 1hEMPA* 'A1 +S | VLG
5: - \d
4"+ 1'4"02" " " 1"hWE "2 *U"? ("C m * AN /
0"+g/* 4"+4"FOB "+ W "#0d2472 ("A " 4"+9: C SiC
[" +SIC " A™(+4™+ 1" *"g "' 10" Y& D"™%2& "AD™L

1 "?2* " V'$? " 4"02'"1"L*8D "#0d< ")(™ vy "'W87>)1 C

0"%! WUELH T+ "B+ "+ U 4"02° " wO'< 0"+ -0"5V+5
4'SiV('Bb" "F *'L ("A" 4"+ "4"(+ "4" -dB OK' (C
(Ct 4 C 0+1FOB CA4N/*' TG4%? S$id
Ji

1. i.n. frantsevich, "theoritical and practical asfs of silicon
carbide, "silicon carbide, naukova, kiev (1966).arslated from
russian by simon lyes, consultants burea-new yonkibn, pp.1-7
(1970)

2. t. syen and joseph a. paok, "micro structure @ndperties of
ceramic materials, "the first china-u.s. bilatersdeminar on
inorganic materials. Pp.291-300(1984)

3. j.w.faust. silicon carbide-a high temperature misenductor.
Pergamon press, london (1960)



4. r.m. fulrath and j.a. pask, "ceramic microstues, "proceeding
of the @ international materials symposium, univ. of catifa,
berkely (1976).

5. v.k. kazakov, "refractory materials based onicail carbide,
"naukova dumka, kiev (1966), translated from russiay simon
lyse, consaltant burea-new york-london, pp.71-B7 ()

6. i.J. mccolm, ceramic science for materials tesbgists. Leonard
hill, london, (1983)

7. n.. krasotkina and n.i. voronin, "the physipechel theory
underlying production of certain silicon carbide fragetories,
"silicon carbide, naukova dumka ., kiev (1966). ngiated from
russian by simon lyse, consaltant burea-new yonkibm, pp.71-76
(1970)

8. v.k. kazakov, "refractory materials based oricail carbides and
nonmetallic nitrides, "silicon carbide, naukova dan kiev (1966),
translated from russian by simon lyse, consultanote&-new york-
london, pp.88-93 (1970)

A(+1L'L wO< PFe2031' *8 tB 11 ++ E? 8 1 h h1/N (

I D=. 4&02N 1,/ m 4+ (C4/< SiC
- | B l# $%&

I +(C A-? I1X?4. :0



























SiC56,7 G,G 89 Fe0, #H2 LM
[ - X$ ?2C -9
"> >t 9 4< 2

1# $%& ' 101( (L'

470, 1™ *8  1™%IT  ("# "+1 (™ 0+ ™ 4™(+ 1 3702
(" +™ FeO0,ISIISIC ™ 0G ™ ™ "™+ ("C4/<™ 1" -"dB m
(C4/TG1 14 '+1hk: C gGIMO%T «%/T E +1A
"y (4™ UT™ L 1M 2< LK™ IV TBTWO™dT
" 4" "+ Fe0, 1" *8 4" + (" " O'F "'y "f," (Cm ¥
I("Cm *) " x "C ("CE" 1"2< LK™ [ ("? V"T%TBV5 ("2
(C Bl « 1'*8 (. B7
7 W%
4"+ 1™ " 4<"C "E+ SIC4" G "+ (M) WU+ "2
" Jmd 1 ™4™ D("OBS$" N?b "8 " o™ 0n@n Mo+
T4+ D MHOA< <™ 4™ b O"G4AM™+ MU (M) M+ (M)
. 4) 102%
J<™E AT 4y PN m 4MSIC M 4T <
VL") (AT 4T T ATES Tm o) 4T V2 A+

a Sic ™ 4™ -"dB ™&& SiC ™84™ (/™Eb SIC a SiC ™8



OH™ ™4™(+1"L*8D ™#0d< ™)™ y "/'4™+ ("/+ 4™ . ™, ™) 1"
$ 11+ / G FeO, 1' *8 tQBPz 4/< G
$ aC\(
6,, 0 6# mGC  # (W
™0+ 0"G ("B &("C ;A ™02 <™ 4™ 4™ 0"
« F WO™%< 'Sk 0GB m KO "+ (44" "fa- SiC) 1/ "#
(FeEO)1'# A(E 1A ( +9:mm (+4'
g "G ton/cmr "8 "+Pz" MO"%T | 0"B "3'" O'"E'4"+4 0
Me/'<  /"E'(M0+D "/ {";B 9 mm "a5 "4'0/* VL"C 4"4'02(('( )
, (C -(F 402 (
4+" "4™02'4"2 "+ "TGx "C4" ("( YTG(" A8 4'02'Pz

0"+9:: ¢ ™ [(™ 4"8)DO0O"# ™ ("C "G1"8 )4"BO+ "T@G'+

6, ,56gmGa (\ (
S (MOo+ 0M<+1+0"< Mg NME'LK/M™ "TG P™G 4™02'
(". ,0"+D" 4™02'e0a" 0"+ "EL *"%/T '4"02" W .B 402
2B " "+4" ("B "4™02'e0a""4*"' "TGx"K 0"FO " 0"G
, ()4U  VLC 402'(» qVLC{( )
$9HS$S $ (\&
y "[r4™ ™8) ™51™ + 0™S35 S301S20IS15 ™ 4"™02' /<™*

VL"/ x".8 "TG P"G 4™02' " 4" (" 1" "' + , (Cm *)W65



4"+V ("B "TG (" 8 402" 0"FOSi ("C4" b-SiC a-SiC 8
4™ ("CH 4™ K V"+574"02' "TG P"G "87".B () b- SiC
(I8' 5 /<* 1 + 0 F4 402, (CAU -(F y/
mO+O 8QO0 < 5 : <?,(\d
V"T%TB 4/"E' "™ "F : mm{™B 9 mm "a54"+ 7™02'
" A™  0™ASTM C20-46 (/" "+R+"™a b ™ Am("C /"
VH2y "I(("C ™) (™ (T)4™ q4/"E' (B) " +4/"E' (P) "+ V"T%TB
4/"E' V'T%TBD " ,B7"BB4"+'S VL'C ," ("C4U -(F
, (C 'A OF0 b-SiC1 (# 7E?+ S 402" +
" B7"E? "+ ™ +4/"E' "V%TBD " ,B1"K S " VL"C
{"C"F™ 4™ 0"C4"FOB ("C F ™ 4™02' Fe0, 1™ *8 ("#
Fo- "l F " 4™02' ™ S204™02' H" " 0'9204™02Fe0, *'8
, (C (2%5
0 G 5: <?,(\A
0"3 ™ 4"f"C ™) (™ "4™02° O0"FOb a "8 LT" L
"~k N=1"2& ™}HV 0.3$/"E FRANKy™ 1T" /"
wo"d< x".8 ") (™ " IS " " 4™02' 2/<™ 4+" B 4"+ 4"FOB)"+
UT" 4"L 4"+ 4"FOB'""C4"U k- ("F y "I'4" "8)D 0"# S304"02
"t "C ") (™ ("1™ (")"f = HV ("™ u'F  a-SiC

1'2/<" " " 4702 4"p-SiC "8 0" , 1'0"T2 Y0'8 (" + 8



"%& 4"+ L" " T "8 " ‘" " ("A" 4"+ (. 4M) 1 4/C 1IN;
,) 12" JE (A 4+ (. 1.5 °0; VT%TBOF
9DG3- 5: <?/(\e
{"B 9 mm™a54+1 "#5 4™02'1"2< LK™ ™) (™ "+
F6IF3IF1.5I1S301S201S15 ™ 4"™02' "y (™ ™ ("C /™ mm
,8)DO0# F9
("C "o~ 2'gTt " "+ "4m02'cat (+ 1) (0 +
o"K'I /™ VL"C(("C "5 ™ "lV"K " "5 "+ A™02' Pz
4"'U9-("F Vv#?2y ", (" )m*) " " D K ) (
7" B Si",B7'E?+14"02'1"2< LK" " BI-('Fg" +, (C
Sib *8 "+4" ("1* "'V#?1"K )" (" )% kVL'"C 'A4
4%/8 b *™8 *'1™2<’ LK/"~#- SIC "8b *"8 1™} "4™02'4" 7" B
b-SiIC "8b *™8 "+-("F4"+{0"F "'A V"T%TBb " 7" ™ 4" "
(Ct
("# D™ B7"E? #X ™ 4™02'1"2< LK/ D ™ ,B1"K " @2
" 4"M02'V'T%TBYyY "/'4"+ 4"FOB "H4 " 9VL'"C 'A Fe,0; 1" *8
[« (. "Bb" A 0" "4"(+4Re0O, *8 4" 0'"AQ ( ~ -(F}FX
V'T%®B*"8 7/FO (". " b"+ *"8 "LK/M™ b *8 V'T%IBb <&+

,0CL "LK/ b



Clom o441 (M 0+ " 4T+ "+4"$" & $'DBIS
"4y 4™ 4 (" 7"BB ("+I(QT4/<™ b- SIC (M + "+ 1
0CL &+402 LK/ B=+4 $A
G-G 895: <?2(\’

oL Bll-v4*dT oo "+1™e e (o™ B /L (™

"t " "CH) "+ " . " B 4"02 ('C"%BD('57"E?+ 1L
,0CL m *) F y/4(C ) ¢S 4'02'
b3 c-\&
7" B Sib *8 "+4" ("1" "' | k /2'E5 ('C4"'U y /[
b*8 "'A1L'"L "LK/M 4/"E'b " " 4"02'V'TYS3 "BS15 4'02'
, 4/8
«"%/T {O"™ 4™ (™1™ rT™ 2™ /L Oo™]oL™ L " "+ 1™ +

"L , 1" "8 "TG ("I+ 4™02'7" B 1i0"080 ‘"K b- SiC

0"F 4"+1"A (" + (™M25+™Stb"™ 4" IN;" V"T%T/ 1'2/<*™

A4S XK 4T+ SibT 4" tgl2kt v (A
t0CL 4 K 2N?~}4a+ Rh1A ( + 26+ + Sib O

Si+C4 A ( +4*NB V#?}® b- SiC ~}

I"+1"A (" + (25+ + Si V#?$N? )1 4376 4 4'0)2
VI%TBb *8 7 b 4N/ (C¥ /| ~4 ~p-SiC}0't 8$N?

(b xK + + Si)41? ,0a 402



Si+CxK + }® b- SiC -}

$N? I(C+4 Si |/ ~~b-SiC}0't 84L'A OF +4 1)(
7BB 4#0C 4'02'VT%TBb 7 4N/ O<+4 Si4+ E' | +
*' 1%2&4+NB4 (+ b VI%U0BF B Si *8 +4 C 3/' EH
"B1" , /" m 4+ (C4l< SiC 4(+4Fe0O, *8 ( 1 +t A
W6"2& (. " b"+b *8 ( YLK/ b *8 VT%TBb <&+ (.
4+ 122/G (. 7BB (+u5 , 4/C 1G LK/ b VT%TBb *8
b *8.," ("(F4/8 17%a 0C1 7 402 LK/ B=+43$ A
O'E 4 (C +DO# (+V2&™*'L M\ 4 4/8) 51 + 0 W65
7"FO (E SIC 4 cal: C =+ FeO; 4*NB (C A
( 1vdl (L4+ 'A (CSiC4 Df +1BL% (+VLB
A43?6 V+5 V 4+ A(E 1'*8 b+ . °"LK/ b
" 4"+$/8)s8 b- SiC 4+ 4'02° OFBi42 V(B )0%F @2 4'(+
~ 4"X814"X8 B5Dt /+ A 0+((F {OXO 2 -?
( 1 7%h
5: - \d
tfCt 2 *U? (Cm ¥ 4N /'
"4+ 4'02'7 B Sib*8 +1(Cm *) TG$i 1VLCx C +

(+1 b *8 1IL'L LK/ Fb-SiIC(+¥ ,/ m + (A



FeO,$" . *8t + 0OH 4'(+1L'L LK/ 4376 V+5b *8
"A("E 1™ *8 «: <9 tQ"B/bronin KrasotkinaW6 ,5 4"FOB *U ?
&+ "[+4"NRI4" ("™ " m*) 1 +1Si0O-dB +1 ( 0+ 4'(+
0'F Fe,O, 1" *8 +122/G ((u5 4 3rT y /[ +-2 ,)1
"..K 4"FOB 0" 4'(+w0d< 4+ )4 02'1 G OB 1/?
(A(0< 4+122/G 4a.' -2/? 4+ OC N' OH
Jl
, /"m 4+ SiC " 4+ < 11 hhl/N( 1++ E? 8
$%& | D=.4&02N | 'A /I<* 1 + 1
, I I #
"2 1"L*8wO0"< <™ "+ t0" V" 0&1™ K "h h1/N("™
$%& ' 11 ++ E? 0 8/ 1/ G 4€(1 C iG I1( O+
: I L #
, IX?4 . ;0

4. N.l. Krasotkina and N.l. Voronin, "The Physioahieal Theory
underlying Production of Certain Silicon Carbide fiiaetories,"Silicon
Carbid, Naukova Dumka, Kiev (1960). Translated,’/(1)9op.71-76.
























+2 \=+ X$< #.- , <\ 751-<S |
#<1l~ 2 $,2)VkKE

i 0 oG | (L OG

" [ 0z (Flo-deflocculation)0 "™ =0 0%&"" %!B m AR &

1™ ("Cb"TG " OAP B" 0"MWR'C 4210, A 4" "'0 " 0A
"/ 0z ("C "BLI2N?("# "B "+ " 0"%)A ()4 B
4" (" 1" "3'4"+"8) "51" + 0" 1L'"L wO"'< K * 3" V#?
"™ 0"@2 4" 0" 0"G1l"w®B<R™ h /™ + [<™* ™4™02' ™
&" "t +4"1" B "@2")1" "5 tQ"B KB O ca 4 0%)A

wOo"< (™ A" O"F 4"+ ™ OAPB™ ™0™ 0"%)A "+ D™/ [I"™

* A V'RH?2y C 1" ("K LK™ O™ 4"+ IV'#7?/"0z 1L'"L

4%"#? 1" ~NT7"%o0 4" @" "'" 4"02'" "ELC eOa" "X 4IC m G
, 4/C [ 0z 1 ~b *8 $ 210 84 K/
? W

"8 1"%G "+ ™84 K/M S "+ 6™ " 4™ X"

" Bi™ SH"F "+1% "& 0"&'+ ™'0 (m) ™ %00 (t)-"0) /B
b* "L2 Garvie, ... L ™ 1L'"L wO0"<4" 1"2 -0"KBI("C -"?
1" A 0" +4"+("aB 0"<...0" D"dT4"+4"FOB + 8V (B 4 ( '
"N " "X? (" ;A"2'VL"C 4*#ZrO, "'A 4" 1B"la51L"'"L " LK/

1L'"L wO0"< 4" 1IB"..KB " 1FO"BV"+5%"'N?Ils" " P'GC



Jo"a! " " 1L " "/0z " 'O 4"+ A"+xB" 4<"C L "
)
"/ 0z O"BL™ ™ 4"/8) "54"FOB 0" "E+14™/ 0z 4"%2F
" 0A4" 0'"t "8 " VL"C'4""'0 "'A 4" "+ ™ALO, ZrO,
4"[;) *" 'Dispersion Ceramict ™/ 0z ™"4™+ ™ ™ ("Cb"TG
“'A1" K+b"BD("C 0/ "8b *8 0z " 1 "2B4dT Bl%#O0CL
MPa m ("?4"+ "< ™ 0OA "+ (™C ™) (™ (™} kMPa m
" 1IL'"L wO"< "+ ("C "N' D."KBy "/("C&" ZrO, b *8 ™t ™+
"8x "C4"+D("C4"+ "'AlL'"U G4" " "5 (0 0 4/
"8 1™8h ,™ 4/™E+ ™ 0z [/<™* A ™) 5™I50 ™'0
+"1%"% " ('K 1'LY"B D "?4"F B+""B ?4F 1 A~
(Ct=+ B ?24F 0 +(C4 .~ L
0"%)AVL"C 4"+ "'0 e 1 "A ™/ 0z ™M {0™ 1"L
("C1"*F"[B "0 P"F " " 0%)A™"" 48) 51 O0APB
-™E 1™%G-""0) /B "'0 "(partially stabilized zirconia, PSZ)
™ +3$™ 4™+ 4™ FOB(7™E (tetragonal zirconia polycrystals, TZP)
"~ (crack deflection toughening) BJ "K' *'™L V"#?21" ~
1" ~Ab*8 "'A 4" "'0 "/0z "J6<"™+ 0" " I1 [f<"*
(stress- induced b™B "™t "™+ (™CZzZ"™. 4 K*™L 1™C'WB("2&
4"F o"<1™ A ™ +Db"T+I("C ™ transformation toughening)

,02'( O<v;?=+ B ?



PB" " Zro, " 0"%)A "? "/ 0z 4"B '"X?b @ J(
(deflocculation- flocculation)0 ™ =0 0%&R™ %!B m UM+ 1™ 0A
I "+ 0"=00%8 R"%Bm " 0"+ "ALIL'"L wO<1l +

,0CL 5+R5 1+AMO%T pHD ,B
$ X8\ (
6,, ! \(%

("# "2 4™ "0 0"G J* "+ "3 0" "™/ 0z 4" B
0"G " (MO+ (" )¥" 140" $" m 4"+ 0'+,0,} (" [BV &10
-("F 0" ™ 1"L*8D™dT ,8 H"G "N' 1/' "#w0"%<4"F " A

. c

tc " "A™ m R+"™a "3 0" f"+I1"00 8 0"B 4" B ("+

$"3Bb™G pH ™HCI ™a. SA-0"%K ™? "+ ™ 1+"T/'0"=0 8
#2 " "+4™ 5 D(™ 4™+ ("C A R"%IB ™ ?4™ + ("C
A 4" ("A"™ 4"+R"5 1"+tA1"MO™BoT ™ 4"N/ ("C $" 1"Eh ,
("+R"%!Bx "C 0" &pFH+ S"™™"T/,0"+1"2N? ("# 9(" F 0" "3%0

4™18 "5+ "3 x "C "/pH™ 1 "h0%T "~ ™+4" ™ h"<

4"+ M0"%T Ix "C" " [B 0"3,(4&" O'F 4'+(FDf + B/ /L

1". %!'B MO"§6T 14"%? " ("£'C4/'C 4"'-"? "2 4"+ & (A
"[BW ("NpH HC118*"X ™. b*8 "+ "'DO0O"# ("C-"/ W ("N

4"+ pH" B "+1".%BMQEHT'N $"3B 4".5: "CH) ("+(" )

T=x "C 0"&4pH " ST/ (" )4"00%8/HOH b *"8 A



" 0A1". %!B MO"%T ;"#V"E'T@&H4™ ™ h"< ("+ 0"=00%8 "+
, 5pH\10? 'O
0"GPz" ('C4"T A "+ ("25+u" ("F "8 (C 4B (+
h "< 4"+ 0" /EC 4"%? ,"R") "50"/EC "KB ™a. SA J™ "+ A% # ?
"+cr "™ "™ (™A™ 4"+ 0"™GD¢a™ CI ™'0 b™
" 4"+u " I0"/EC4"%? " PTGZ0" tQ"B1L " " 0G HG/ ™
"<A "8) "5b"A 0" "'D""'-0"%K b *"8 1" +0/EC A
Pz" ,0"" (" AgCIS0" 4"0@ 4" ("C4"/8) "3'1'" 0"/EC 4%?
("R".& " V#7?2 " 4'<0% ('C"<\: == C " 4%"#7? 0'G
f'+ 0"&4"+("A " 4"+7"BBA"+ 4" 0'"@C 0&9: mMm
™5 I "+ 0"G ("C4"8) "3 " 4"%? "+ ("C"AA4" 0"
k mm ™a5 "+1 "#5VL"C&"'™MPa "8 "KB 0"K "Bg™G =0"8
" HG/" "+4")(F 0'h4%4" 1 " A4"+4FQE ¢ GO9mm{;B
/" x "C 0"&4"+ &" " 9. CD "?4"F 10"+4"/8 HGDO"'# 0
"E2B SIC "'2 "+1"L /L 0" " 1"B B "™ %2& ("C4%/8) "3
, 8 HGDO# 0O
6,, <$(\(
"8 " 4™8) "5X4™C m "™G* ™A ™KB ("C [/ "™#5
o™ It M M4m0 ™ "0 vt (™ "™ "m-ZrO ZrO t-
g(2"C m /" "+ ("C /™ D™a54/"E'(" )4™ K X 4I"C m "G

" 0€B4/"EX4"™C m "G ("A "™ 4"+D"&6h;" "#"C ™) ™



(" )4™ K (linear rule of mixtres)” M0"%T 1™a< 0'"5 D ™ab5
l"C "AD" B " 4"+MG "L UT" ("& "2 4+ Ayl
, (C A) -
G,G56Q0 5:<?, (\&
"E "+ Cc /o "#51L 'L " 4dT )  ( 03 4+
" 4m02' " 1">H("C (" +9K* mm "+ "+Val'E 7"IL VL"C4+g2
A "+ 0+ "B(('C1%."# A("? "Bg"2 " 2< ;" AC (+
1GOL™ L "+ KoM K+b"BD("C 0/ "8 ")(™ I/ " A
4"F 4" 5: D(" 4"+ " "AD"%2& "N' ("4¥02'1 "2B "N
"+1L'"L " ""N' V'#?1Ka" 'b"B "B(('CV"''A. . CD ?
/" J7 T+ " 4™02' 1" 2< T LK/MPZT M) "L ("? "B "'A
fC ) ( x CKB 4a' “m 4+ Instron 1196
mm +t (" ( '4%%# 8
:mmj K/ 8 (" ( '4%#8S
Bmm/minjK/ 8 ? & n
. (C ' VLC 12<'LK/ b A4+MO+ vy [
1="4+ "2 "/ 0z ™ 0™ 4™ IK. 1™ K+b™BD("C 0/ ™8
(Indentation Fracture (™" 8-""2& m ST MMM+
("C ") (" Evans & Charlx"0B ("C4"'U 4" ! /" Teughness)
Ay "r4" " ys*trurtt ") ("x "C"+R+&,., ) (x C

"+-"2& ™ \N "+ "KBD™a5 "L 1T ("C " VL*"C



"o4mo2r ™ "H(™Ce ™) (™ Zwicky ™ umm* /™ x™M0oB4™'t
('C4"8) "3 1UT" ("& 0"&4™AXx"0/ ("C°N' + V5?2 ) (
(1" b "2""'0 ! 0"%)A (". 7'E? "+ 4™02'1/T" D " ,BVLC
SEM JUO "+ "4™02' "ELC 1%."#eOa@" | /<"* 1™+ (" "+
,8) 54la 040t 'I/L + 0dB (
b3 c - \&
("c4" B "/ 0z o"<™ 0" " (G VL"C 4™ 4™0j2
b *"8 "+ LK/™("™ '$ 0"<3Y-ZTA 2Y-ZTA "™'A("+4™+ ™ 4™
"+ ("+ ~ VL"GC "'AK, . I™ O"F "+™ 4"/8 b ™ ™ 0z "'0
VL'"GSEM "+ 4"02' (" (+1"b " Pz" 48 ="+ '0 (. b *8
4" "0 " 0"%)A VL"/ "/ 0z = [<"*4" "9
(™m? 3Y-ZTA 0" ™ O0"wWA ™ (™ (™ (Cb"TG1™ OAP B™
m-J™h (™™c¥™ . :m (™? 2Y-ZTA O™ - ki nim
4" (" 083" 1" Bbk" 9VL"G3Y-ZTA /<"* O" 4"+1" 0%)A
" 0APB™ ™0 " 0"%)A V"< [ ™ &™ J6/"< V"#7?
"N W™ 02& ("C'Hdifferential sinteringl™5 /8 [/ ™ 4"+ 0" 4"(" (G
N+ 0"%)AI&™ J6/M< " ANS M (" VT5BL <t
4"FOB (+21" ("FP B" 0"<1"*F 0"h 4N /' (CE. PB
" 18"d ™ OA "+4"E . J 0" ™m0 " 0G 1"L*8wO0"< 4%
4" o* " HG/" "+4" 4™)Y(F " +},"E' "3/ "X

0"h 4"+ 0"+ HG/ ™ERY- ZrO 3Y- ZrO 4" "' 8 H'"GDO0"#



(" 1" "O0€B (.« (" 4/"E' 4"k9: C &" " P"G4"
9: ¢ /" &" ("+ 4/"E' "~ "EL x "C "KB4™ 17
4/"E' 1"0 " 0'%)A (. b *8+("A("0< " 4+18d O0A +
" "k("+1" b " 4%"#? "/ 0z LK/ 4°N'/ 47/8 b *"8 " B "
0"+ (™ V"+5 "0"%)AJ "h 1" 2 ™ B " BY-ZTA 0" I|-"?
" O0"%)A AT &™ JE/< 4" " A 172" 15 " a 9VL"G
,0™a™ (™ zro3Y- 0™ 4™ ™ A "2 P B™ 2Y-ZrO
J6/"< ™ 'm4*m2Y-ZrO ZrO 3Y-4" 4™ (™ O" ca” J6/"k
" 0'%AJh  "X? " BSO"& " (" 4"1NAx C KB~
"/ 0z 0" ZrO (". b*'8 "+ LK™ "8 1™ 48 b ™ ~ZrO
0" ~VL"G™  0"<+3Y-ZTA ™+4"E . ™26 (" 2Y-ZTA
" B4"$™ (" -("F 4I"E' 4"+MO"+ D"8&6h 'GB "
*' [0z " 4/"E' b" 7'FO (0" 0"h4"8Y-ZTA /<"* OF0
" B™ 0">? "AAD"a51"H/"E' 2Y-ZTA 0" " " ("C
0"FO ™ 0"%)A4™ "' ["+1GOL" L " +™ 4"/8 HG tQ"B
" § 9VL"G2Y-ZTA 0" ™ (™ 0<+ ™ VL"C b+ "2 3Y-ZTA
4™ D(™ 4™0@ 4™ 1 ™NA/™E $3 ™" -L™C V ™'C "0"'%)A
0"B"2'I8 H*Z’DO™# ™'0 ™ 0G" D fVvL"C ™+1GOL™ L
Jt 0G0 OF " "402 + 0 <M |
("Ct" "EL A7'NIB 0"h4"+ "'ADf (" u" OB\ 4+1+0$ m

"t " 0"%A " 0G" "4"("1" '(+ 4 uOB ) (yl}



1"C'("aB " 0"%)AVL'C J6/"kVL'CI("™ O<+ m " (K

1"h D ")/ 0"=00%8 "/8 4"+ (1"0B"<4" ("C+ 0'"G O" ca" J6/<
,0C N A 4%7?

" OADfO0"™? "t 0"B" 9 0"dB4"%26EM "dB 1"<+
(Flocci) ™ 0%8 0"%)A ™ 4™ ("1™ "3'4"+"8 "0 ™ O0"%)A "8+
0"G O"F0O "™ ™ 0"%)A "2 u"5 4" "8+ ("CVL"B4"0't

(C+4 as-received? 4 O

("cCvL"B " B "4™02'1 "2BVL"G1™ ~4™ (" 1™ "3'4"+
" J"K"7"FOO" " ™'0 " 0"WAC+ " (K" 0"%)AJ "h

/8" "54"N/ "'AJ"h O'FO " B" 0" (0"C 1 B+50B
"C1™ K+ (™DBIlF "< "b™B " (*C -"? ™ BJ"h 1" B 0"?
"t 4"%+. (" +1" AD "B "C " "KB, ")4"a5 ("' 4"+ "N

,0+( 0< OH
4"0F " I("C""N'" "/ 0z " "ELCe@" "+4" X 41"C mG* 'A

"' 3Y-ZTA O0"FO0 ZrO t- (™. m ™ x*oB ™) (™ V"+5™ B
4N/ ™, (™ ™' 3Y-ZTA O0"FO zrO t- "8 0™>? ("0 4"N/ " (™
4"™'N /" (™CZ&¥"™ (non-transformable)H™'G'-™"./ZzrO t- ™8 0">? (™0
J "K' 0"@2 4 K" o ™*L ™/ Oz 4/ ™ 1™ ~p *™8
R0t ot 4t (" 1" "3'4"+ ") 1" 1"C' "'A (C 4<C B

(C4+ O<+ /+ tQB (C f

5: - \d



"0 " 0A "/0z " "A "+("QB 0"=00%8R"%!Bm
S'T/'x "C" "KB,") "5 ;' 0" (I'E "0 " 0%A "?4
, 0<+ 2 4  0G1L*8w O<R5
tQ"B "/ 0z ™ 1L'"L wO"<#"N /<"*  "™+1"5/8 /"
" 0'%)ALL*8 "/ G- "+L"DO% 1'E +4'N/, HL 1;
" 0"%A "/"b'G" /" ("A8 D",B"4" 4" (" 4%2F
"10z Ke ™™ ("C ™A "/0z 0" ,0"2+I">B "t "
4" 1 "2 O"RY-ZTA4™+MO™ " B="+1F0"BW R+5 3Y-ZTA
V21N A Q=30 0"<+ "4+ x "C2Y-ZTA LK/ (™
"L Q™+ BEO™ (M ™' ™ OA4™ErO3Y- ™ 0"%)Ab *"8
Ir "< ™ OA™+4"E . ,™ ™/0z ™ 1" . ~"b*'8 4K" o
£+ b™+ "BV"#? "/ 0b *8 4™+ "N "'0 " 0"%)Ab *"8
)1
5$H S
SEM "dB4™ B "# O"E'D"..KB* 1"C g(" "SA
0" " OG*  "b"T+™ G } N" 1/0"# " g(" "SA
,0'aQ” "B 1' ("5 ", 1+ "L2 h"<4H 0'G "N i’
QB "™ 0" '"C " O/[FE "2 4"+*'187d 4" 0" 1"T+
h"< ("+Jiang Dong Liang0"E8 G "5A "B " “="'N @ (")
([} (+& " $"<D"2? ,0'C L"B "C(; " 'K+ "F4+*’

. )11 (BH<— u+ M2F b OG "N oG
























-]- 56 289 $S?+2 *$ SI#H2 L

5#G6# ; $
i 0 oG | (L OG
#H2,-+:1#62

I# $%& ' 101( (L'

"+ ™TG ™ D™ B "t "+"2 Z"(%8 12 ™+ "E68 tQ"B
1/B€™ L ™w 0"<™k: C "B: ™G (*K {0"/D™ B
LK™V MC LML L wO™<| TB0"KB 1™ #78) "51™ + O™
1L'"L wO"< 1™ +$WMx"0B /<=* 4 a I1"L /L J6"B " /L

, 0+4/8)DO0#D! a 4%2F 4/E D JBGs . 4! a

)

1L "L LK™ VT 4T 4T (UE'L L ™. &LUBEM LT
{0"B "+ B€" D"a5 G§" (" "54"FOB 0" 1L /L i'$ DB%L
(‘C% "B "4"(+" 1%# 4" (")1"Jd (OB Fca 8
TOSTHVT 44T+ 4" B, ) 1T "8 1M 84+*' 0 4
I"C (" 0<(" OB4" * b *'8 "6'&-0"dK wO0'<  1+0%a "D "t 4 TG
WO'< "+ tQ'B 4"+ 4"FOB "#2"<6/T {O"" "XSf'2
"+f"2{0" D"t 1" +"F (" A "+4"4"%/T y "/ (" OBLL /L
" 4M(+WOTS "+ Z" (%8 $ "+DSHT2 "t 4"E . 4™+ ("5 - (Y

4'E . "E'DO'#4'+ "L+ 0'h4'4"(+7" Bb O'G , (C O+



" Q"B ("+Sf"2D",B"tW6/E O"/H™B4" B
,02'

4" a "/

$ aC\(

-"FR"h," ("C ;" ("E M6/"'< m 0" +* "4"(+4 B F

"+y " 0"+ -("F (™" ) "AO0"=0 8IS™ Bm 4"+ /T *"F

g (. YO"8b" AN )" ("C"f"'A("# -" 1"E
g ("? ("C *"3 SA (ll.’(ll )Sn BSA *™8 "+ &" D(n 4™+

0+ /2% 9 | ¢ 99 (?V F 40%)1 (
}"+0h 1(™ ("N *'8 "+ "< : C ™ ("C "AS"o

-0 )4" Bv'2& " J("("C 0"&b" @ " 8+ A" 9 (?

%8 7" 5 ("Cc "A-0" y'ct* VL"C "g"GV"2&V EB F

"2 P B™ 42" ™+ 1M#6< ™+: mm "™a54"™+VvL"@ 0/

"5 "B\ (". 4"+4"8 h 02& ' KB (C4/T

+ mm
1" A4+ "8-"288)
"8 4"t D(" 41 (4T (C
"#5,(" )u'ab "'-"2& Pz" ('C4/C 4 [ (?

P'G 0"+4"'t + BB & +

o" "[ (C4"B
1"G B*'A 4= [<™ 4a™ 4"+ 7" & ™( )1" "ELC j"B "

4%€E (("Bd"&+*'" ("C4" B("? b"+* ("C* BDf ) F

()1 Y08

Mm? 7 TUEM 0M2 vL" "C ™C e6™# "+ 0™+* VL™

" 48 VL"C " 4™02'Pz"(" )u"8 7" B4"+4" +
((C 4ITG

ki: C "B::



b3 c - \&
4" 0"h™2 ,"™ ("C4™U %L"C 4/™E' "™IB V"#?2y "I
"? Z2"(%8 " ". TG " " "+4/"E' " (" ")1" 43?76
VL"GSEMX"0B /<"* 4"l a A "%&4" ")" 0"'<4"+1" * gOL!
JE' (0C1 N =+ 41B? (+
4" a 0" XRD /™ x"0B*"' ™"8D=0"KB (™ D'Bb O"G ™
"a< 0" " B="+ " " ("C4"U 9 k %L'C Ay "4 8) 5
"> D(™C4"+*"1L'"L wO"< "3A™ "2 4"+ B/"E'® "8 ™"+
4" ("/81"Y"B "B $ "+D"+ "2 4"+ "8" "{"C#
, z(%84+ E'12 +Sf2 0+/18 "'
™. " ("C4"uU 2"C-("F 1"L /L wO0"<4™ a "™#?2y "/
o"Bl" A "%&4" " 12 "+ "4"(+ "+ z"(%8 "? 4'(+ J6B
“4"H+ " "ELCHY VT "2 4"+ "E' 2" (%8 O0'FO 1 %5 '0 0>?
" 4"+ 4" "8)4"N/ ('B7"BB ("+ "8)(" 0< "5 "2("? *"
4"U z" (%8 4™'(+4"+ "E' ®"%a 1"L /L w0"<$ "+D"+ "?
"NB 4+ ™ OUGWT/UEN M M+ Z™ (%84™(+ 4™N) I(™" P
(/E
5: - \d
"t 1"/ (. Sf"R{0"TE?+ ("4"y " “+TE "F
4" 0" 4"+ 4"FOB "+ *"'4TG " ,0"2" "IB "TG " 4"+ 46B

, )1 !18d



D™? ™ 1) "+0"q&+="+ " Z"(%8 . 0">?
,0CL -0dK

"+ "5 0"+ " "TGs".b ™ &+7" B4™ z"(%8 *"8
1" 1'B 24" /8" I" {&+ ' (%8 "@2 ) 1 -0dK

"‘Bu" "TG ('K 12 "+ " 4"(+ "+4'E . z (%8 ? D=0dK
(

( 14U  8D=OKB( 1 !'LK/4 +(? 1Bk

(" (" )4" B "+ 'ET "+4" 1/B€" "4(+SEM dB4la 9

z" (%8 4"+ "E'12 "+ A"+ /" + " 18 1) "+ ("(GV"=4+

$ 4 1G
"“4'E . 2" (%8 A"(+wO0'< "G 0"+ BG $01%& 1% OhWK+
"+ "NB("? 1B=0"dK ") " O"B'I$ "+D"+ ? 4(+

,02'4 B%/T /;
iJ
1- r.s. lamar, "ultra fine talcs in low loss steabodies, " am. Cer. Soc.
Bull., 22[2]111 (1954)
2- f.h. norton, elements of ceramics. Addisson axggleading
massachusetts, (1974)

3- r. morell, handbook of properties of techniaadji@eering ceramics. Her

majesty,s stationary office, london (1985).


















-<?,75!G \ C

, # ? D 4 F$ Z6

I# $%& ' 101( (L'

G, L g (e | g G g
T AT (" O+ USED, - AlLO, - CaO- MgO(Fe,0;,N,0, K,0)
4" (1,1 e 1% ZF 0"&4™+ 1" h1/ ("A(
DTAI/0"6 " " LB " 4"+ "4"02' 0"% B ((8C 4"0 84" OF 4+
CaO "F4™MgO " * "F4" ("C ™' ,"8) "54" a 0"XRD
DO#4™+W" B "'A 1'<+H4'4"9" "4"02' 0"%B "/8 (+ !Bt
4+1" OA("EGO "8 4'%? 1'B ?D"%2& " RI8 0%BYV
SEM "2 4™+ /<™* ("C rT"B " 4702°"2B 0"%B-0"dK " B 0" &
"8b ("F( "EGO 14™OF b"G4" ("CrT","8) "51" + O

1" 2< LK/™ (" 1™ ("C 18™ i0"080 "+( "EQD 1" .. "4" C
" 8("# u+"BWB("2& " u"Sl Mpa ("K 4 47/8 0"%B 4702
12°C " . UT" , " 4™02 V'T%TB (% 4™+1/"E+ "@2 0%+

0%+ 8 (. 4+1/E+ 4B02'

? W
(o"Cc1" 4/<" "4" C ("C 1" 4"OFR"h 4" 1L "4 C O

4" 1 "'A"%/T 1L " 4" C 0" " (™ 0"+ 4FOB 0 <



(/™™E u™™5SiQ, - ALO, - CaO- MgO(Fe,0,, Na,O,K,0) $/""""'E
" v*"CI"™ +1("%+ 0" +™ (™25 1&0™d 1" h 0" WB("2&
(oc 4/< JjoB ')I1/}
V'# —"F 0"&4"+1/ (""A (" ,"" + " 4A%"#?y ['4 .
"1™ BD™ ,B™t ™)1™ "H5MK+ O™ L M 4" CT7" B
,0Ca
$ aC\(
A5 (MTP%I"F+("0) (! YA ,"V'ClLhO
0" 4" C4"B "+4"0FS" 8" "F+ "A,"I(F + * 145
4" Q™1 2™C7" B'C ("*)+4™ a "+7" B,"8) "5
. (A (F 7BB4+4%#7?4 C
4" " *E4"+ 0" 4"% "+Db":} ™ 0"GDO0"#4"+4" 0"
0"+ ("C "YyW®m4" 1BO "C () '4"BO+ IV" ("C M0"%T -P*b
sf&™ k1" D(™ 4™+ Cc ™ 1L /L o0o" ™ (mc4arl T
P"F *%8 "7" 5V'< [0"+S"? "& "2W6 "4 +H (A
Coenerm R+™a 4"kk: C ™ WwWe6™5 ™ pB'C ") 4"/T ("X =0"8
0+ (C D 210+ ()4 K
vV*'A "  (™O0+k" “$fcm "+ 4™ A%"# 24" C " 4™02" "'A

()1 bB4.5: D( + 99



"? ("C""N"D ™  B7".IB 0"+ /0"B6 DTA ™ ™ LB
"5 ;M 0" ("C 1™4™OF "™+ 7" " "B " 4™02" D "?
,8)
4028 "M+ M4™+ "+ C "B 1"B ? ("K DTADb ™A
DTA D "™ &" ,("C "N'Uu"F 4"02" 0"&4"+ 0A (OE 0G
,0+: Cimin 97BB 4+ /0B6
DTA = 4"+4% 0"<("C 1"4™OF 7" " 4" C 402" *
("B D ™&" [(C ("'&" D(" 4"+0"+ (C !B /0B6
0+ Clin4C} 0% B B A PG CHinl 4'0F 4+
(M0+4"/8 0"%B 4"/8) "3D'B%2& "KB Y8"8+ R+a 4 14'02'
0™ (SEM)1™ LI' {O™ 1™ /L JOL™ L (XRD) X4I"C Y™Bm ™+
(/8) 54! a
"B *M M4™02'1 2™C ™M . V"T%TBI1 ™ MATL/I1™ 2< ° LK/M™
()
b3 c -
6 C5%+" $-2% &%
(Td) /0™B6 (™C ™" 4™a.' (Tg)4™ C4™+-""/ ™ -(™F
VL"C 4" 4"02' /0"B6 1"K "(" 1" ' EBA 402
4"N/ 0B -("F , H"L™ b "2'4™+ Td TgR™5 ™50 I™ ("C

" IN("Bb"Il CaOb " "+4"+MgO("# b *"8 "+4" 8)



™ )IN ("Bb " 4™+ O"B" {0"X0 " ("A" O"F 4™+ ("C 12™OF
, E'1*F t -4/ OLE}
"BTg9 C ("K (" 1" ™' 4™02'DTAI"K ™ VL"C
A" ("(G4"+ ALDMB 0"@" (™ )" )4"%5 " Jd} 9 C
, E4C
V'#?24" C 0"%B4'N/ " u® C " A* 4"1 )
Td Tg "+1"! 1™4™0F ("K W=0"RI(}1™4™O0F7" " 0"Cl"
,0CL ST/
"4m02° ("' "+1! Ya< L™ m "+ (M, "L "X? "
" A ("' (" D " 1" 4"0F ('K V'< 1%%/T
("C "IBT, " 4" ("C (" W(CH(") "IB" 402 q ( 0% B
(T" 7"C " ,B DTA1"K )" )4"zB4" I'"L W""a&& 1" m
"8b ("F{0"X0 4"+ OrBW="2/2 M"' =VL"G(/"E u"5 (" 1"
~8) 5K+ 0O W(+{0X0} E 4C
0"8 W™ I@AL1"K ("C ™IBT, ™ 4™ ™ 4"FOB7™ F

( 1Y®# 1+NB
2
Tn:T9+§(Td- T9) ~}

b" (" 1" " 4C 402 + (QO0%B 40F k-(F
1" BD",B"t 4/ OL"E} ™) "8 4"+ OB *' +C}0%B 1IN (B
,< SOE

XRDH A& (



("C1'B ?D"%2&4™02" "+ ("C "N(XRD)X4!"C Y"BD! a
"8 -" 4"+4 "C "E+ AO0" 40T OA( ™EGO ™ 4™
T™2B  0™FO0 0™%+ ™8 ™ BCHMgysAly,)(SisAly,)0 ¢ (Fassaite)
'K NalFe (". W="2/? 4" C " 4™02'7" B4"+4"FQB "+ 4'02'
" "2B(RD 0™ VL"G$"E% "F4"+WB("2&C "'F 0"%+ /<™
" B4a™o2' ™, "m1t2' (" 0"%B "A4™02" (™ 1™ "' ™ 4™02
(1 'ca dT 0%B
("Ce6™# ™L2 Kimx™O0BW ("l+@tlberg Sticklerm ™ 4™+
"' 0"% By "W'VL"G(C " ™N' "4"™02'" "M+*'1"2XRDb ™ A ™
C4"02("+1" b " W("+C "BB4"0%("+1" b *"8 (/[+ 0%+ 8 (. 1
V" 0& 4"+ O"B "/8 " — 9}(" 1" " "E+ (. 4"+'N'"D "B
, E > 1L/ 1L 0B
") CaO "F4"#MgO1 * "F4"N/" I("C "fW6 "5 4"0n"™2
"o,0mam 0"%B &™ b *™8 «"&+{0"X0 ("+1" b ™ -4/ OL™E}
"b*™8 (* 1" "5 tQ"B "KB 0"%B &""4"™ V" &g(("OL
oa“4"c/"+ ("G<"&+ A"8 Wl" 0"%BV"2&u "EB<«&+g (0L
~0% BYX
"B C "BB4M02'" g(("OL " wW="2/? 4" Y&A'N/[ 0"BAN/
4"02" 41 "? ~" 0"+7"o ™)"t14/8 b ) } 4/8 b*8 E

"KB ("C (" A84" V" 0& " ®&," 4"/8 b " g("OL " D BC



"+7" B "t ("' " MO"+ 1"A™OF4"+4" *"'" 1% 0&l( 5 0< tQB
(C+V< L2* 8b(F 1Ka b
IG G 1 & &
"2 4"+ 4m~"" p 0"G PTG ™M4"™02' /<™* ™dBVL™C
("C o" {0™ '4mo2(* 1" "'" ('C4"8) SEM1™ /L ]JOL L
, )1 ("V) 0%+DI2NB4+ N 4 A1 H) 24+ 4<C
,"8) "B 1M 4+ 0™ SEM M 4"+ *"'e™0p/T "4"™02' "ELC eOa™
12™ "8b("F " f™ ™ )VL"C P"G4%"#86+C ™ 4™02'
P"G 4™ ("1™ "' | VL"G~"+ +u 1 "2)*+ B 1"2'" "' 0"<
", M1t "8b ("F "™ W(('C 4" C4M02'1"4' OF ('&
, Ya* K 4/8 +D(

W="2/2 "=+ (" D("5 4"L "%& 4L 6™ ™ 4" 3'R"h

O"E "0 "™+ (("C " $3" "t "-'C4"C 1" +uxo
0'C (F4"C " "L2°" 1"0 "8"x "C" , HW" 0<Jh
" 1"0 "8V'< (Mg,Fe)(Al,FeCr)O, -0" 8 "+ MO"%T V z" " A

wmpo4® "L 0"A" ("EGO 0% B <&'OF 0" &4"+ [~ S0
(" 4"+R"80 " 4" ("N (" V"2&*' "X? "4"02' 0" Y®B14'O0F
(1 ' C4/8 0%B4'02 /< YLC$(' 4 OF1%2&rTB
18"  "4"&02N  0"< (™' V") 0"%+D"2NB @™ 0"B 1"
" 0%+ 18" 4"&02N" 0"2'("C ("L D 0" 4"+4" (CVLB ('

x"0/ s"& mmx™0/-0"h 4™ ("™ ("CvL"B("™EGO V"Oh *"



4" " 10"h 0"K "+4" 1"/F $" D 8"+ " 0%+(7"E * mm
( 02'(C ( 1VLB99L (?
G,G 89 &d
V2! 0/ R+™a 4™ 4™a.'4™ 1™2< LK/M™ b ™ Ay ™A VL"C
Mmoo (CUUN' Y em M+ 4™+ 14™02°  "ASTM C 158-84
("C (" +4"8 0"%BI1L 4" CD"a5 1" .B "+ "+ (402" ( 1
" A" "8 4%"#8("(A "3 0" "I+ 4"+ ("Cb G' J"#Pz"
(1 ' 402 ELC 4%#? . ' 4a. , O+ :cm
1" 2< LK™ ™+ Q"B /™ +4A%"# V" &4™ "8)4"N/[ D"B
$0 " oaRA™02' 0™ CLK/™ $" W/"E' (. 1/E "8("# H")1"
9-("F4"}y "E'A " W/"E'V'T%TB4"t 0'B1 /'E "8 ="+ (#
("A" 0'F 4"+ 0"% B1'" G4"y2& VWWBTB 4" 1* "3' 4+~0C {OF
J6/'< "%& 4'9"%B V#?2V'#08 " "G "+18"C 8 (.814%?
4" V"2 ™) 1" V'T%TB (". "N "&8"%+ 4" C ™ 81 ™A
"4"02'1"% s". V'#08 ("C "G {Miseous flow)d" C " 6 10%B
)1 (AVT%TBY. B4+ N 4L (+ QC
1 glen? (K A" C ™ 4™02'1 mA4m ™D ™K
,0+ 19 g/em® 0%+ 8x0/ 1 "4 ? C 5 fl
"8)4"N/ 0"B" (" 1" "' "%/T " 4"02'1T .4 VLC

T " A }"+1" b *™8 *™'1/T" " 0"%+ "§. b *"8 "+4"



" 24" "~ ("C'N' 9 g "KB " 4"02'V'T%TB  &2E5
, 4'02'4 4%#?x0/ (.
C & A
"M " 0"%B P"G 4702'1 2™"C "™ .y "N-("F
4"h0o P"G ("Cb 0"G4™02" b ™ ™) (™R"h 1 2"C

("CV"#? &™ k D( 4"9 C " 9 "M% (™ 0" "™ 0%K

4" E4m02" 0"%R'# u+"B*' (" "++ " .4 X
(1 o+ (0 ++ 0%+ 8 ( I+
5: - \d
P%™ I"AD8"X 1%"# " 034&% (™A (™! ," A
e e TaATE™ ("; 1L " 4" C 0" ("B 0"* ("E
"1™ 4™OF4™ (. 44" C 4" C "8b ("F "N "™+ "™ (™
PG4 " 1"o0 4'"C "8 4" 1% z" "8 " W=,2/28 4 C
( 1V2&4'0F 0&4+1 SO A OF 4+b (F
" o4"02" 0"% B ™/8 ™+ (("CCdD "™F4"MgO ™ * "™F
™. /" +VL"B<"&+HMgO 1"dT "™, 1+ 0" 4°C
, )1 4%? (/ 1B ?D %2& 0%+ 8
("# b*™8 "+W"02&1L 4" C 0" " 1 2"C 1"'L*8wO< ("
W (" 0"%+ "8 ("' +/4" 1 "4m02" " 1("¥" 0" + "'A 0"%8

™. M+ 0"%+ ™8\: W™ .BL4™02(/"E" ™ 4™02" "BLK/™E



" . uUrt 10"5V"+5 " "@2 "< 4™02° 1"2< LK™
0" "25 7™ 12/<"c "d{0o"" 0"&4"+("Q@B " 1 2C
) 5
iJl
1-m.w. davies et al., j. iron and steel inst., 2883 (1970)
2- a.g. pincus, glass ind., 53, 6 (1972)
3- g.s.f. hazeldean and d.f. wichall, 211, 574 @)97
4- j.a. topping, j. can. Ceram. Soc., 45, 63 (1979)
5- g.h. beall and h.l. rittler, amer. Ceram. Sogll.B55, 579 (1976)
6- d.bahl et al., j. aust. Ceram. Soc., 10,25 (1974
7-m. hidalgo et al., mater. Sci. res., 21, 117 7398
8- l.j. shelestak et.al., j. non-cryst. Solid., 28,& 83 (1978)
9- zdenek strand, glass ceramic materials. Elseyeague, 1986, p.
112.
10- m. coenen, ibid p. 119.
11- s.m. ohlberg and d.w. strickler, j. amer. Cerddoc., 45, 170
(1962)
12- h.s. kim et al., brit. Ceram. Trans. J., 88(2489)
13- p.w. mcmillan, glass ceramics. Academic pressidon, 1979,
p.81.



























/56 C? $# -"6P-
[ $7 m +l

54 +tA4 C C

MO'%T 4" B1" 4'%? "4"C{0" "V'[ /G 4 C(O0B
1"0o ™2 1™, 0"F 1" b™B 1™ VL"CISH" A™8I4" 0"
D"&4% 4"C" ="+ "E+1 2"COL*8"R2 OF "/G 4C
"4 C " *"2B4AF B "+4"C" 02"« 4) {0 0' B
0"&4"+ "IG !"#("0B ("+ 4170 "2g + , 4 C{0O +
I"/G " 4" C(" 0B i0"OLB " +D=0"KBB *'' V.'E i0"O0LB
JC " 0 "+ B="+10"2 4"+/1+("2& 0"h4"+D " Bg OK
"2 (" "+$ 2 " ("20'54+1+ /" U5 "G 4'%?  F
VL'C P"FI" I" 4"%2F ("" t0"V"'0& "4 +m 4 CSH

, 0+ ,,*2 & VLC PFISfJq

? W
V./"E wO"<IA 4™ ™ ™ 1™/, 1'0"2 1 ™6 « ™B
wO"'< "Au" OBu"+0B i0"2 " "F "2 4"+ " ") " L

1/'e+ " 1"'" " 10"2 " IB" g" +," EL T+ 2B

H' $"1" S"T/ ") (" 4"E. "+4" 1GOL" L("2 " g". 4+

,0"a™ - IB " g™. "+4" 0"F -0"5V"+51'02 4"F 0"2



“%/T M™' "ELC7 "X4" "L" 7" "/G " 4"C 102"W"
1" " 1" +1 0'dB "n"FO& b ("G7'FO V" & " 0"#D4 C
,)1 0 2E  1)(CG

t BV+5102 '{0' 4E C

AL™C ™ 4" C1O"L% /<™ O""40"B " 4™ /<™ 102 ™ -~

u"2NB H" I("Cu" 0B 18 "dBD 0'#4"+1 2"@" 4LC $3

1'02 ™ 1&0™ "+W™02& " " /D"%/T M"' 4L"C 1"2B 1)(" "G "

V[ 7" B"B ™ 4" C $/"E "+ 4" C "2Bb" A C"1"L*8

"+1"L*8D "#0d< ("DB/' +102 "{0" " r"<1'E% " 4C

: t: mm /2 102" W=02( ' O<
" 1" "" 4" Cx"0/ 7" B 1"XO J"K'4"1L 2C102 'S
, ea : mm B=+g.

b3 c-$ aC\(
1"/G 4" C-0"5V"+54™02' <" 4" B " D6L" "2 1"L
DO"#4"+ ™ 8" G1+™ " Gm ,0"+4™" C ™ 102 4%€"E V"?
I1'0"2  t0" V" 0& " ,B "+4""B 0" 4"40"+ "a< 0" A "N' 4"E .
A'N/ ("a" "IBe"%/T "T+ "ELC7 "X " ) (" +-0dK 4/'i02
, 1M (+ ,B ?F
™ R*5 R"2&) 1" + 11" B6G ~ " A V'#?2y "
O"E'1l) O"<I11™ B6G ™ (™ O™+ ™ to" "E+ "0"2 1™

-0" la "C "~ ,"C( O"F SH" V"< 4"+SfJ"q4%( 102 "-"t



"'1'02 " O0'< ("2 4" "B1"B6G " Sf V#?SH'@+ 1
. "4 41024+ ( + F 24+ * 4n (1
"4™02' "ELC 7 "X 1" + 1" B6G " 4" " A V'#?2y "
1"2%& "3' "g&2' M 4"+ 7" 4"/'02 ISH" *™2  ("+ 4"
&" 0+D "/ 0" " 4 "+4'FOB "+1 B("A 2"E, 0"+ C
~" 4™ VL"C (™ 14/"E' IP"F 0™™BA/T V™ 0&-0"%} 4~ ™
"<A-6"K' " G W™/ "1™ 1¢"®"2 ("# (#4" 0™ M0"%T ™)y/A"
"TH 4" "8 02 ™ T+ ™" 1+H' IVH#?2SH If4
"4 f'+ 4" 10"2 " 4"+ 1H+ ("2& 0'h4"+] T+  +1/3%07C
1"E' 0"+ ™+t4™+ 4"FOB "+M"€}"/3%07"C /L"0™ "+ 47% A
10"2 " N 0"O0; I T B" "+ 0 0;, 7 X
0"B" "/+ 4%€E'E " “0";VL'C "2 "#0"+(" 0< /+SH 102 /2
T ¢ X0B
H* ™ "2 1"/3%07™"C "B 02 ™ ™ Db"T+" VL"C
" " 1"1h (" W/'E'(™ I 1"b"G 0" 0; *'"L +4 102 ( 8
102 "+ "2 " IB" 1'/3 %07"C "+ 02 ™*" T+1S VLC
$" "+I'=0"h "E+ "' "+1%24" 4" 17 41T " 4 ™
,0+D ;/ *%/T x C 102 * 1 (' QBSH 102
4™ 0™ M0"%T 1'0"2 0" 1%tQ"RI7™ 1'0"24™+ (™ ™+
et SHY ot ISf " I"+Oh *" 4" o' ("+4

™ + o",,, BO;IPbOO™ ™81 2™C O™ tQ"BSf ™ "2 }



("C "B* 14 0" MO"%T 10”218 4 ='b ™ Ay "/,"8) "5
"b*8ISf " b*8 I 9 ("2 "Bf'+ "+Oh ("# b *'8 | (4
b *"8 =+wO0"dT tQ"B,1 2"C "8V~ 0&b " ISH" 4"h0o "
(402
1"LIG ™  "+7™ Q"2 L+H"4™ BA" "1y U
0+ "C W6" *2 /"D " (" "L ("A8 "0/ 8 ,B+W8#
b *'8 &" 4"+10"2 Sf " " b *8 "+4™) 1"B6G  7BB (+
b* "F 10" "TB&"b *8V' 4+0/"8 ™ b*8l"8 1"
“H4T Q"+ " - 4"%? 1T 4y T "2 1L, ™ 1T Vm281072
D("C4™+102 ™| ("E S™ ("E I™("E V[ "8 0. ™+ 0" 18*
0" 0; ™+« ™T (™ 102 ™(("B4™ " D "&4™+"8 1" b *"8
ca® "8 ("E "TBI(0"Q" Sf "B6G " " 4" 1'LIG "4C
1 2"C 0" 10" ;"E2B I™ | "™ SH" ™A "<OL on"< SH"
"8 0" " 84" " "A bV "2 1"™+0h 1 %50 4+ A ()
0" "8 (. 0"t/ "BSH" 0" "8 V"#?2103™. ("
IP%" "+ &" u+ [2/" " "+ ")1"%:3$: ("?(OR SH ca
("7 1M SUT(PE T )% I$( ("E +7)1%
(C+S +u+ 2/ & ) 1%
4™ '+ 11" B6G " b A VUH2y UIgT 412 4T
" (" )$"3B1BO "C *"2 ;" g" +D0% "G4"%? 0™2

1BO "C ™*"2 " "+ 1BO "G Sf4"L 4"+ 4"FOB "+ ID6% "G 4"



4"+ (("C "E+4" ("C (™ SH"102™ ("(FVL"CI"8)1" DO"#
"T4™ 1" "'b™ A ,"C O™F 4™ * "2/ W6 ™ 1 ™DO"M#

"tp A" "4 2 "G "AJ"h O™ OA 1"0WB("2& 02 ™
ua. "4 u"0B1' + ("C "SH' V'Bua. m+ VBGVSH

0"; SH" V"< 4™+ ("C ("F 1BO/"B G 4™(+4""4" ("CrT" V"BG

1" OA "'A 0"+1"0 4" C-"'Au" 0B 0'K'#") uX -? 4+ (

4+ 0"EO0 i0"; "t "'A-"/ 4'BO+1) 0'<V'HAY) 4" 0+ A

"4"BO+ 102 "g'E? 4" 0"+4"("0 1" + " " 0+ SH V<

p " 0"0; 7"X 0" "GV" 4"+ " V'BG1) 0"<V"#?I1B0 C
"b"B "  SH" *2 "+W8SH" "A("CV™?I102 ™ "T
, "N V+5((CIC +

S™T/ $0™ %&1B0O "CD "G SH™) %B"K "+4" " A
("'V'#? ANfI*2 ") "/ G1"2B " ,B D" *2 C

(. 0" "8 12 "+ " "8 1"b"4"M) 02" " 47) $N?

1" "U4%? " V'#?y 1" +,"8 1"b '8 *2 ( 102"
$"N? SH" ™ 4"N/ 0"+ "G1) O"< "+ + 1BO "CV"BG™ . 4"
0+ "GV" 4+*S'H" *2 " (") 1" "N 02' 4)
(("B<"&+ 0"<|*"2 V"#?10"& D™ FIV"BG4™(+1 2"C ™ .
0" + 1BO "C<"&+1 2"C ™ #+#"a+ ' ™+IH™ ("CL" 1) O"<
©O("AL" "3'4" "X 1) 0'< (" (("BV"0&b F ( 8x C

t) ovc ' +



SAIOU" 11"% -"+IDO "C ("# B"™3 Vv'BG 0"=08 1B ,B
"# (") "'B4'a+r " 4" + ("& W' '4" ("C $(DL%®
("¢ : 1'% -"+("# 91ID0 "C("# 99D 0"#4"+4" + 1 "'7 B
(C$3BO0OU
[ ("?4"+ (" "F e6"# " " AN "+4" 0" ("4
(Ct DO#4+1 ' (¥4 4 ()$3BVBG1 2C
o:l\: b™ *9ll: b™ o . ki b™" «: 19 Db™ *9
o b e: | b
V'2& 4"+ "o S"o " 0"2 4" + "5 [ ("V"BG1"VLC
(C N / + 5 +VBG <4%? O 4fA
o" 4'+8 0"+ "TG " " "TG ;"E2B -"/ "+VBG TGk
~&™ kv ("™?}1=0"h ™ k: C ™TG ™ ™+ (™E ;"E2B
(Cl+ TG +4 +x C [+
4"+V"'BG4"(+ "+SH" g"2B €& $"3B 4"0)4"+V"BG{;B 9a5
( +V5(?
"F"B7" x "CI/™+-"/ "+SH" O":"E2B Sf " " |
0™ ;"E2B "L2 V5 ("?4"+Sf " " 4"a+ " |, A$ "8Sf
()$3B+!IX (E F
(" "L2 V5("?4"+102 ™ "4") $"N?I="+ 0" -"/ "+7BB+ 4

,8)1DO#/+ E+ ( 1A + *2V2&g +



"M "8) "BIM 4+ Q" "2 VL"C(M+ ISH" *"2 4" G
4'18) " 4+1@G " W' ' IT% (4" ("A” ) WWE 2
Q"B *"2 VL"C 0"~1 " 0/,8"+{0" 4"+ "/+1@G " "2N/{(C
2 &" 11 ™'VL"CS"T/ $"3B P"G1Y/'C ™ 4"N/ 1"
"+l 14" OB MR M &M 4T (M )1M 4
0"K -0"?S ™4™ ("€ S"T/ O"h "E 4" *"2 &" ,"C  4"N/
2 /8™ "5V"K ,0"'SH" V"< 4™+ 0" V"< 07 h"<m& +*"2
,0"+$" SH' ["+$N? " 0'2 S ")VL'C-" "3 V'BGV'<
0" ,0" *2 "+1/")+ "8 1"<A "2 ("Cs0'B " ? [+4/
4" 0"+DO"# " 4"+ 4"WC N " " A 1M+ 02 '
*2 &" " " §" "ty (‘B4 ("C1" {"C *2 f'+Sf PG 4%# 86+
(C1+50/ *2 = C (? 8 1b*8
0" 4"% -"/ "+1("C(" 0B1@/"4"C " 02 -7 4+

(C$ 8-05v55102 +4'02'4 BL YO8






58 #C J O/ 56 , 70 K 9

F$ 76
1# $%& ' 101( (L'
-G 5$0-2 Y

i' 0 OGI (L OG

"B1'C 4"(+ "+7" "G " 8* A4"B 1" + "+ 6'&IX?
S™ -"2& "? 4™a5 ("C ("+B " V" 0& V"= I+"u" "TG

, ()ea 'A 02°Jh+

? W%
VU™E ™+u ™ "T®m 1"C D™a5 "TG S"! S "o "2&
"(CH" U )4 A+ 2 1%9°B TG m 4" " 2 1B6L
0"h4"+4" ("2 "+ "TG m "+D "/ "TGx"CV" 4"+W B("2& D6L"

/" S ~4".51: 1" k:} "TG "BO "E+ " D(*" 1 ("B &4"#6<

4"(+*" A AA'N/ 4" "TG "BOD(" V" 4+,(CAITG &4'(+ Fa+ <4(+
#USM T AI('C+ "LL2 1B PBM 7 "XV5 ("2 4" 0@ ST/ Oh
("C+ O"<4"™(+ ™2 ™ “"E}1"2 1"B ?M"E'7 "X “EI*
4"=1B "&4™+ " " (" #4%S" b" "%+5u TBmM = @2

‘L (2 "B'E 2" S" "@2 ("C+$T'X "L(? B (C N(buffer) 8+



1" s" " ("C "N S0"&b"COG "%+B ("C+ 0<+12 1Ka b
(C+4/C BO 1' D( TG4 V?
$ X8\ (
")0"% "E+b "N)4" "o" g+ 1" A M ASE
0"+ & At SE "+ =" D(" 4"/8)DO0"#4/C 0
4/<" D "/ *™ A4" I1"G "8 <" "+0" 4" 0" |+
(Ct*A4 1 2C*'A'"+-(F (C
™8 :: ™E'™#SAWBB OU"™ I{C4™ B ™™ 8 I("+4"%?
4"+ "+ "+Am "+4%"#? S R'C4" BS" So0SA9 0U
P"G 4™ ("CrT™ 4"%? ™ (" )-"2&~/2/'™ 9“9"® "I+ J+"<
V("B".B4"+S"™B " "CH) "+ 4/'C +S("K SYyB("B4"+4'(+IS! -2&
)1
Pz" ("C "N' 4/&" 4" "TGVL" " l: C " D"la5 TG
D("CIS" 1Ka" "; (pin hole)1'0" 4"B " ™? * "3 4%#?1C
-("F ,"8) "51" + 0" 1"B ?j0"C "+ +" . 4"ab ("25+SB
(1 ' 4%#?2y [
/0™'B6 S M+ 4™+ ™M+ ™ 1"B MME 7 "X
"'D "?4"F 7'E? "+ OH" "4"02'1'B ? M"EVL"CG(" )T
(1
b3 c - \&

1IF ?2C$7? 2?2/ 1 \&W%



SAI'"<4"a5 "+S"l -"2& "#™4" "' ("C "N " +
0"B <™& + | ("C 4™(+ SH"F 4™1d%0 00" ™ 4"0 ™%T%TB x" 0B 0"F0
"4m= 4" 1" $'N?b *"80"C" 0"FO 1" "  1"2N?M'E'
"'A4"+SA 0" 4" " #4"=4"+ "E'4= ME' &+( 54la51=+
SA4" " "CH) "+ ") 1" "N 4"a5 S("’K S'B4'N/ q ('
4"+ B="+4"=|0"C' "4"=" M'E' <"&+ ("' 0"} "B G 4=4+
&+ " 4"ab 1+('KB "K'b " <& +4%€'E 2 (C <y (B
0"<S™ "™ 4"+4"™a5S"B *"4" 1"/ G +"+™ 1" A ("C
IA4/™E'" ™ S™ S™0o * 14¥7" B4/"E/6G ("B &(/"E V"<
JOCL 4/< G 'A4+W6f4 gG 8 * (CdaB4TX
"+ "TG "B7" B"4"B " I/ "G " 4"+4"FOB/B/6G t-
| ™0 Q" CM<CLKM (" ™+ ™ 4™ 0"C ST/ 1" B'® 1™
o™ ("# 7"E?+S"B *" 4" VL"G("C ' O0"<+ " ("~4/"™E/6G

"%a " "0)("1" "' "E 04/"E/6G "+7" B "+ ["6G

S"B-"2/? I("C+ /" + ("CJ"d SA" 4" B"0 SA * OB
S"S" 18"d SA *™ b "™ V" "2 4"+,0"+ (" 0< /™ +4™a5 ("C
S"o SAb" "+ "CA " 1"L,0"+ (" 0<S"B * b " 1L
SA(™# ™+S™o "+ 4%"#BS* VL"GMCE" "E' I

(1 'Dy



o ("Cg"G4™la54" 1BO"# "' "@2 ("C "N "™ +
"“TBV" 4"+|("C+ O0%* C (™}1="+W/"E" ™ o"<S™
S"B * 4"'"N/" b " $/"E 4"+("C1"8! SA *" IS"0 SA (.
™ B"D®™ " "t4"+ "+ ("C "N S"B *™kVL"C( 21 8
(1 ' +t TX
" ("Cg"G4"'a5 T"Xb"' 9VL"CH("Cg"G4™(+ T"X th
b *8 "+ 01C (" 4" 0"h"2 (" 1" "'+t7 B + (C N SB
(+1b So -2& (+SB * 4la5 T#
Tttt/ B "+("C° "N " Afp"G "8 *™ tQB
*'S"l'S" -"2& ('CN S"B *" I4"(+ca" ("? "+ "8b *84
(1 " 1?2 ™~ |1VLC(+1b*8
7J2%y> < 56 .4< m# \&(
10" 4B " "? "+V'&4" " " 1A -("Fy "I'4"+4F0B +
A 1'C'D "t u"s50 4"+ "/ ("&G 4"%7? 4"lab "8 0" nI!
"LBx"0B(" 1" " G4"+4"(+ "8 0" nA<4" 1"B ?4"F I(CL+
b™A™ V"#?24"N/ VL"G™8) ™"51" + 0" (TG) /2 )0 B
" 1" " G4'+4"(+ "8 0"n™44 0C1 (4 Oh2 ( 1 '
, 1 C++# 11FOBV+5 (. 4+V5(p
") 0"B1" I1$" "+ " 4"'"E. VL'"C -('F V'#?y "I'4+4FOB +
("C+: C "B ™G S"(softening pointl)('0™C " 4™a.'4™ 1B 0"'#

0" 4"L'A v'5" 2" "("C("0<1'0"4"B " "? ("COGS! ca



ca® ("C{"CS™ ™ V"2&(T+4/"C S™ ca" n"<"#8 "8
4" " p '8 " 211" V'2& "80" n "<V'+. 4" 0'C' N 4~ zL
(" BV"2& ™ ("C "N ™ ) ™8m*8 S" 4/ OL"E b ™ "+ "2
"t/ "E18" "#8 "TG$" " D(" h'<4"+ 4'8)DO0"#1Ka + ?
0"F," ("0<1"2'0<1'0"4"B " "?D0"%#4"+ C (OT OF M.
4N/ ™" T"%a " "O0)W™5} 2"CS"™ (("C10™4"B " "?
0"R"2' 1)('0"C ™ 4"a.' "+="+ "+W8"#41"(" "' ~} 2CS! V#?
4"N) SM 0" ST IKK'#g" +S" * A" A 4+1 S

,0+( 0<4/TZ (C40 4B ;?2(58
"f="t " 4" 0"C /" 0" ™4~ " ("C'"N'D" a
1)(0"C ™ 4"a.' H"™) P"G4"™ ("C++8%"  IS™ 1)(0"C"4"a.
"+1 "CBAS$ O<V'U'7" "8<"J"4+( b  W! 4/ OLE
"4+ (" ID "?4"F "+M'B S" 4/ OL'E "++"%/T ("E b.

02" 2 4+ )(

4"™F  S"™1 4/ OL™E "+ "%/T"™E b™. 0™  Parmrlee
$"/GIS(" ("E *8 ," " "C (2'C D"L'4"+%/T B ?
S"™ 4/ OL"E (("Cb ™ "&+1 ™ "™ $" =+ "2 = *N O"H&*
$" /G $(" ("E "EL 1™ ("# "+1h0"%T: C ™ , ™) 1"
4I"C 4+" /8 ("E " *"' B="+ " (" 14U 4/ OLE V5(?
1"L x".84" 0"+ (" 0<1'" "2 " "2S" 4/ OLE b &

" 4" 0"C1" <"'&+ S " A4"+$"E% ("E*8,") "5 / 0 'A



1" B ™ 4™ (" D "?4"F b*"8 "¢ ("+ b *"8 4/ OL"E C
-t " " %™ ("E ("+1" b ™ 1'™)' 0"h4"+4/ OL"E::: C
("E 2 1/ " "~ D" ,B &" " 0"Q" 4/ OLE b *8 <&+ 1/E'
b*8 1" A4"+4"+ 4/ OEC 1" B " "B ("E ,0"+(" O<$E%
4/ OL"E D " ,B(",("+ b "4/ 0OL"E :: C 4" ") 1"<"&+ (1

4" BB ("{"C¥" ("E 4"+4 "C ™ D ™ ,B &%a+ 0"+ ("E
DO"#4"+D " B1"KzP ("C4/ OL"E 4/"EAbL *™8 7™ "G "

ci1* B " "' A "'+ ("A D "?4"F O0"K "+ 0™ 1"a<
4/"C  4+" b"" " 0A $'0" ("E IP%"(" 21" MO." 4/"E A 4/ OLE
(0CL 4/ OLE b *8 «&+1
5: - \d
b™Ww= 0"C4"/89+S™ $"/G $(" ("E 1"L x"8™)

4" 0"+ (" 0<1'" 4BEAI "G " D "4"F 4+ E'S 4/ OLE
4"+ "'4" 1'" 1"! B="+ "B4"F W"'$ "2' ;" W"-0B Y08 (E
em2 /M+4O0L"E b™ & M™'(™CE" 4/ OL"E u™b ™
1Ka" b" 4"+4"FOB "+ W™[ Y[ "E+" 03 +1/? A~ (C+t
o"c" 4"/8)4"N/ 1" 4"+ "E'$" /Q@"E B=+4/ OLE Sf4da.' /2
0"C /™ P™68 ™ 4L"C "E'0)) 0" &4"+1 "4B-$" /IG("E ") 4"

C (0<+ -0dK /+ ; 0+(0< BO.



"8 4™ 1"2 "E+D "#0d< h"&®'+ $"E% ("E A
™ ~} 2"CsS™ 1T b *™8 "@2 "AD "?4"F 7"E?+4/ OL"E
: X 0oC 1
("E "+D "?4"F 4/ OL"E} 0"+("E "/8 "C4™+4"FOB "+
1/ ("K 4™0)f ™ *™'("e " 4" 1" "3 $TE%
" O'<+1="+" 8 O"+('®W= 4" "mO0" 8(" '(C+4/C( OF
("C(M"dB-"2/? lu " "TG"B$/"E S"! "TG 0+ B=+4+4B0+ 4
0"+ (™E WJ™1" b *8 ("l+s 0"& (™ H) "F4"4"N/ S™ A
"+t "4t 1"b"W(('C S" 1)(0T"4a. 0+ A () B%#
4™a.'b ™ V" 4"+*'S™ ("E g "> "E+ "TG"B $/"E
( 12°34+1la ("A=+(ldB %+5 S1)(0C"
X "CV" 4"+ 0" u™ "TGB 2/"E 18"d ™+! KO"2N
0"+ B="+ ("B & "JO0("C+ O"<+ ("~ ")O (™ +D)/(" OB
,“ 8 0"+ ™2 "TG$2*™ ™ 4/ OL"E O™+ "/2 I1)('0™C 4™a.'
vis5 1"/ G 02 (" +B5S" -"2& "? 4"a5S"B *" b +

"5 3™ g"G "8 *™ 4"la5 T"XIS"IS"™o 4/"E' 14™(+ 4/ "E/6G

Ji

1- c.w. parmelee, ceramic glazes. Cahners pubtistompany, boston,
1973

2- f. singer and s.s.singer, industerial ceranideapman and hall, london,
1960


















J O/5!

5 HI? 4
I# $%& ' 112C1( (L'
1"C I"# " 0"u" "TG "B "+!1'8! 2'X1X?4 .
"4l "4 "TG 1020 "4+1 1" "B ;B4"+I"'A1%"# D "#0d<c "B
, (C Cu TG B
2 %
"E+ "CS" | 0"0LB"3' 1'C (" OB ("? 4\W&- : B
V'C- "TGIA 4" 8 HT ""N' 10"2! "TG "+ DO"#4+8 A/C
MO"+ 1L " D=0"dK 0" W ">+l 8% "TG OYOLE4 <4'(+ TG
S" " "S"M("A" " 0+u"SoDO#4+W6 S!m (Cl
()1VLB(0Q 48X V2 +4+4 < 0 . B
("C "2B "25("# 9 "+™ "+ "G .. "™ "+18"d <@"Y0"8 m
"y gt 02y "F18"d <0" [ 4 " I( 1 VLB -0dK
VL™C = " | 6"&4"+ ") 1" J"#10"2! 1%'0"B 0" " D"K%
" V"G ("B (" N'1" -0"h4"+4": " W"Sl+ (" OB'8'%? "B S$EF
,021 7%h
b™ "F OH" ("A8 10"KB "E 4" W™ * i0"OLB 8™ G "+
W ("20"0LB $" D",B " H{"A"(G "' 0"V G (0BD(1<0
("A8" (" )AX&" 4+ TEB " " 0" "+ 4V

("(Fi0"OLB ("(F /"A ™ ™ "+1I("(F "+1 4"+ "'ua [%F



"B"C A" 1"CS™ )™ (™OBlu™ "TG"™B (" (G,"C  "L+!
4"%2F A 4™ ("™ A 0"F 4"+g"(+1"L*8 1 2™"C "/ G 1"B,B
("+4™ 14/ OL"E M4/"E' " BI"M® & /11 2"C-0"8 " ,B

(Ct ,, 02'S A

S0O"h +™ u™"S"™S"0 /™ "8 "2 4™+ "L+!4;"Qr "

o'+ " "E+ 1"C I"TG'B ;/* 4" V"™ ua "+8 H'G DO#

4"+ 4" [ ¢ "B"I(;" "C ("OB"F x"8 ((FioOLB
I A s*“ "™ 1'""0 "Bm™" ,"81" "™
" 0" "TG "B "' ("+ Y "™+1J"#ca" " " "N "FD"5 1"
, )1 /1 '4= 0&4+1+ S!

I G O UM S™ "TG 0" O0LBe ™MB u™Ma.

()$ B EO0BIL/L Sf 0 jK/ ™ ( 0

u*a. " "B ™ " D"N'< "B/8™ G 4™ 7"%a "™ 4™+ 4"FOB "+

1"%< u "# " 'u"8 "F /" +*"4"8 HG "N' D ". .KB("(") -0"K/
(Ct A4+ (K4. (C4U 7a + 0+0
b3 WV \(
10"20 "4+1 "+ AV 4"E u ™ TG M4l I8 4™ K+
OES Il T T LM VLT ("@G ME+ TG
-tf1m /ety (™MD™L ™ ™A 4" "8) "3 "E 4"

,E' HGL ELx C 'A 1<+ LB1/? (CH



"N " $'EFI("C 4" C Sf"t 0'Cl"4YTGS" "4 1
("E WO'<x"OBR"5 1" "G V'+5 A1"L*8 1 2"CwO0"<ara
V'+ B 21" JO0"AVL'C (+("(F "8" "N ('CH2 A (" VLB
O"B" *"'(" 84/8" G 1"/ V"? 1?2 JO"AVL"C ™ 4" " "f
1"8D"&6h I™ "+41"2' ("G1"/ JO"A 0 " 0%+ 40r2' 50/
4™+ 1 ["E+4"L%+ 102" "'A4T" B+ ("K x".8 ('R "C 4~
4%" "C (+4" (" 1M"# 1 " A1"%2&D"+NB Sf4+MOa D
(Ct 4 410B F1%#
42 ["C ("' "+t1"! | B2/"E 102! *" 4™ '+4™+ "5 " K H"
(C42'1<0L 12%&Ra 4+ ( Fi1L ,B /| G
t4 OK'4+D ,BD(C
L)L VHE?%T (2 0)0)y /'I+t4 0 +
"4l 1" "8 "+ A(™ 8 0"K'TG ™ I("CSH"Fi™ * S
. 1*E+t (C4TG
"9S0"& O0"%F "+b " " "+ 6'& "8 02 OK' & 4
(Ct t0 1L 4la5
SA -0™%K 1'(™ ™d <'IS™opHI("C(" OBS™0 ("4™ D
"o 1("C48"X 1"A 0" (". IRBIBV" 0& ("# w0"%< ** 118"d
IW0"%< 4"F 1"; ‘"K 4"+ (0"C 28" 4" '|(C48X < 07 B

( 1 Db'!O< F4+ S! + 'A7 B 7 B *



S" O"K' VL"™C "C I " "AOQ"KI4™(+4™ 0" 7"SB
,) 54FOB 0 E &
"< 0"2"°")x "C D" }A-0hlu" "TG "B 0" TGVL +
"KB| ™8 "KBZ™? I ("B "TG4™a w0"dT+0™ x"K |~0"2'
(Ct 1L 41a5 ; ( B /| G *'Z6<
(/81" Y"B la "C "KBS"l 4" $" "E+ ("(G "TG D( -Oh
"'A "N4"+V" H" (CH4L " 0Bi™V5("?x "C (“(G "
t (B &I(Q+((C
4a " $3" ['E A 4" S" 8;"C('&" ('C4/'E ~
,)1VLBSH 0 $3 %L 7BB4+ (DGC1'F
SH " D"&4"+1J0"A "8("™ " "N "+u"&i 8 (C (FS
4" " 1" "LBrT"BV+5 *N "8 4*C% 8 x.84 OF0
1" U*Bb".' 4" 1 (" A8 "Fwo"dT+ (G "," ("Cu" 0B " 1"L
Ct(;(
" "8 ('C(F"?" 4" (" HGDO#W"«0B " L2 Y08 ((G
YO8 7" a("C+4/'C 1", " "[ "t 0" * JE (" 8" " L2 u
"/ G1"8 1"2%& D "&6h "+S6T&™ B S"T/' 4" (" (T"
"TG "+1 1"4"02'4'U "+ <'K+4" HILIE"E+b.'*'1+NB 12%&

$)11G (L + 'A4E .TG u



"gvL"Cg" +u " "TG "B " 0" J"d 0" +! (+ 4/
(;" "+!11~z'"E'BJ;"C "+! lengobes" ~" } "A "+! Tt B &
~ O0Al ISE%D +! 00 (E 1C°
(NEGOBES) < 5-756 K
"54" S" 4"+ "+4" 1'("M0" "tl"+4= EB & /AS!
() OA 9 4 < [A +! d o)1
r50" b"COG In"8 V"%< "3'1L4™+D=L"C u"'8 "F /"AS!
0"+ "<OL ("&1™"' ™ 4™ | ™ ™ 4"34™(H+," 0"'i 0"2 I1Ka"
J;"C "+ 1" U0 4+, b"COG "2 4"2 4"(+1"X0 D B
b*"COG ™ "N 4™ ™ O0"K'4™+ /A ™+! 0™ 7" B "} 0™ ™+ "2
"A("E 0">?V" 4"+b"C0G " 4"0" 0'a ;/ 21, (;
,)1 i 02(; F CrOje*: (C+° 4+V
tC+ woO< E+H /A +!
s™.; ™ ow=0"3! M "< "2 4"™HF "+ As™! R+ "ak"
02" "< "? 0<j"B "B 2" 1" S"T/" 4'(+ /2 12 engobe
=) )O0%F
"N "FW™">l+ ("C+4™(+ "TEA6G "E 1" /MAS" S
( 21 48X S! 4+ 4(+4 0 (. -1B
(C+ EL E % 4(+ /AS!1B ?ME' 7 %
("2'1 2"Cbhb" "N ("C+ "E(" +4™(+ /"AS™ "TG4"®D

"F, ") ("F4"(+ 1) " 4+ "TG ('@ (CSfwWeé 4'4 7BB (+



"< "E68 0"2'48 "X s0"& 4"+ 47) 1™ 4™#0B 0"3 " 4™+ ("
,)48X "< 04+7 G S! # ‘00 (E
o"&™ LI ™ we" o0'C (™ ™™ "E+"EH" /™AS" S
(2
(+1 ,B #Bt% + {0'4+4/E+ /AS! wOdT =
st ("C1¥"$ "E+ /" A "+! "TG1B ? ("K 4L 4+ 3
| "+tD "?4"F 1 2™Cb™ "™N' ™F =1"B ? i"™ SH"F 4"+
M"' D "?4"F Je6/'< : CV5("? /"C V" 4"+1") "TG "+ O
, ) 124 #0B 1) <%/T
Xt Vv'=4"+ " "TG "B " 0" x "C4"4FOB +S! Jd
t 1 34+
P"%LB 1"'C' " )n "< ("@%="+4/ OL"E 4"L 4"+ ¥3'
I /AS™ 4™+ ™+1 2™C ™ 1m™c' 4™+ O0O"FO0 0™
D"la5 "gS0"& "E+ AV"2& 4"+ )O"%FS" 1" 4=V<
(21 YO%F o 1'0 <0 31L
(21 V2&S! 4+ +ME'7 X ( cKdB 08&4¥
vL"B /™AS™ 1L ™ -0"dK ™ "F =S™" 1"2'W ("?
" . "B(™ 21" 48"X [AS™ 4"+ ="4" "D"5 1 ")(™ 1"
(C+ O<+OFx CV+. [+
{C 1 54+ /A +! 1<+1%# # & 7B

4 -0 8 -0 8 -0 8
«|: SO0 O0U «9: SO0 0OU e : SO0 0OU




*\b 9:00 DL%

"'ALF "<4"=4"+ (K x".8!"{@" ™

G 8
‘0 OA(E

9: 00 DL%
-\ 8
0 0A(E

-0 OA(E

. G S!

$S, 5!

" u ™ "TG "B

/" ("C+ ™ 6"F M5 +4"#"t4 Q" "C [+ M) AT
("Ct" 4" C Y "+(;" "+!4+™ 1B=L"CsS™ {o™ ™ , 1"
(Ct HGN'~-TGVL} TG b *8 +x.8D=LC {0' cKdB
tC 1 54+ ' zE' B +! (IB1%# M B
1021 TG J;,CS! TG BJ;,CS! ( VLB(E
9f\ I Si02
H i3] AI203
19 ® B203
ik Na20
I K20
i 9 CaO
19 Zn0O
99 9 PbO
19 MgO
19 Ak Fe203
$H , </ 5!




4"+°0"'0 DL%™ 4" G "™er22"G ™"F ™" ™"X?-"?

| o (;"s" " , "1t Mt ("G " u%5 (E s0&

("Cu" OB$"EFca™ "<OL DO™#40"'0 ("E I"TG(" A8 ™?

43" ™ "3'S" 4"C "8 0"0 (21" ("OB 1/+"t "EL'7 "X

$ "BO" ™g"2B 1"8 O0O"FOA "0 " D "&4"+I("1Z V"2&

e

H™"4"/8)

"LB "+tV"#08 4" (172'("? 10"L% L%™ " "N 4/")

"5 0"< "X "B ™G i™ca" "3 10"L% %L™ ™"

S0"& 0" YO"'8 0" "+ 6"&I(IC+". D"t"+W6 " (C(0OB [E

¢ 1 (V5(?4+ 1'0 < 0 4%2F A 1L D!'a51Ka

" "54"+tu " "TG "G "+! ("IB(™ VL"B1%"# 0" 7" B

fC1

TG "G S"™ u TG B | u TG B u TG B |VL"™B(™E
102! 4 (

olF 9 9 k Sio2

1 Al203

B203

\ \ CaO

k MgO

it Na20

s k K 9 K20




Kk I 9 ZnO

¥ \ : Zr02

u2F

(™ ("Cct"s™7™ B OoU™(™™# "B W=0"2Y0"8 ™+

JH"? *"'Na,O 4"/8 b ™ 4"/8 "LB,O; ("# 1"% 0"h4"+4™ 17

)1
51
(™ )1" ("O0Bu ™ "TGBxX"0B4™ ("(FLl2/<™ L ™ ™|
[t et )1t DY M4 e 1°C wodT  1%&

7" FD "t 4"+ A"™B"'AX"0B4"+ (/'"E " 'f0"; =+ 8q b V+.
, 8 1L Dt+ E+ (CcKdB
("E I$"E% ("E x"0OB4 OB wW"dT 1L " "+! D" ca
, A 4+Y08(E 4 1h0%T $O0A(E |
D fx"OB1L " 4"a5ca" 4" " DO# ("+D" S"l 12%&=+ !B
V'E%EB "("& 4" ("C+ 0'K'4"{ta'vL"B 0" " I("C+ (C (COG 1dT
(C+D F 2B 0'f0;'* S!' (AOF4+ 0 EL' 7 X
oAM= ST WTT O $TE% (ME 1"C'D™TTO M+
" $"E% S"("C1" ki (" CaO (*. "+! {0 " (AL
" 4"+ O"R" " "+! "+S" " M6/'< " "E+ "tA 0+1=+ E+

u's0 ("C+" 1B ? "$'i "TG " VL" "[ "+R+aB SO< tAA



pH S™ S™o0 ™i00U wO0"< "+ AZOTA "E ¥'2' '0/"= 1
4"+ W=0"ZB"E% "+(" )V"80 (" 21" YO" 1 "%5 2" 4+ W ((C 4 -0%K
"# \1" 9 6"&4"+'zZ'E'B " "G "+1"L "+ "2 ('Jd1 B
08" (" 1" 4N/ "+ *™'L 0"'0 DL%" ("#H ou
{fC+t 54+ $E% +! 4'02
Pb® : IB,Os I: ICaGk: | SiQ, *kk
4"+ 1" B wo"< (™G V"4"™+ (™E 1™C'D™ ™+
"8 1 JE DO#4+ TG ? & 4+4 © 1 (Willemite) ZnO,Si0,D 0#
+ (G(+ N4C 8 OF0O %5 P% + d& )1 (Fu
S"l 4"EnO 02'48X x0B4+D S! N21 # &4+ E' 1/ ./
jB N (CE. DC4+(C < ?(C( OB 2< (Ct L2 0°<
("# "+ " 8DO#4"+4 E+H(21 1L 4la5ca S ! (Cu2F
, )48XZnOl=+ E+
"0B4" GS" 4"+ <DO0O#4+ OEOAZ' 48X + O0A 1C' S!
"N S"Mca ( 115+S! TG(A8-0h ##+DO#4+ QA1
" 4"+ $E% (E (E OF W=020A(21 N**1/E 0%+
(C+VL E+D +! {0 ArTB 4/8
5: - \&

)1 V#?2 vy /'I(C fDKXOB4+4F0B +



,0'"C "+="+ "L ("? "BS"l'MW"a.'4" "EHA"u TG B -~
Df(C/" <QB"E HA" " 1"C'" " )n"< F D & 4+
, A OF 4+
1™ SH" 4/0L"E ™+ 10"20G u ™ "T+! {0™ 4"@' S
4" "M 1" S'T/" 0"K'4"+ "'A4" @' '12'4"E . ELWEG fluidity SH
("C+: C[(" "TG "B1" '4"a." D "? & J6/'<u" TGS!
(Ct = C+™ +1020 TG +! 0 4 1BO#
("+1" b " 10"2! "TG 4"+ "E'ZrO, ("# 4= ™1™ (" 4
Sf4"a.'b *8 "+ 6"&4" ("C'+ZnO CaO4"FOBV"+5 . 0>?V 4+4
["+4"™ 0">?"&+SH" -0"%K0"2'{ "C "+ 0"2° /E 4/E N
(21 ++ (~ 4 G * WIN/['4 1) A 84%ZrO,
4" "8)4"N/ O"B "~(" ) "+ "TG "B "+! 0" 4"@'AD
("c¢" 10"2! "TG D" "+! "3"TG(" 8 "2 "'A "8 4" 0

, J; C 4C 'Al 'cad ("



\* o+ 675 CMN 7$#$ < 1

58#" $

i 0 oG 42' (L OG

11"2B ("# : <X < "FeqSin, B, 4" Ci™ A 0"%B ™M ™
v"g"g) "51"+ 0" = C " "B1'B ?* "A P"L 4"C m "+x0B
4" 1)("C 0"%+ 4"+ MO"+ 4" DP"'# " )b" R"h 0"%+4+J0 8
0" ("G('CE "8 1'"%G 1)("C 0"%+ A1'6&"8Db (F}
( 1 0<(? B=+4%

? W%
L'"L 1"Eh , 7" F "E+wO0'< '® h"<4"+4" CD*%8 i A
0" "< 4" " T"%F 0"< 4™+ 0" $"%& (2" 4"FOB 1) 0°< ("X
4"+ "E'4" 1.5 "1" +4"+4"FOB"'+0"+1" 8 + +D. KB
4"+ ("G 0"%B™*'"L I /<™0™ 1™ 4" B*"%/T "C "31"/ G
4"+D"..KB "E' 0" " 4"+ ") 8 10"2&4"a+ Q"BVL" I(AV2&
"8 wO0'"< "% b""JO"A /<" VL'B(™" 84" ("1 ' (AV2&
4" Ci"A ("G 0%B " 4" a 03 "24"+ ("1" "+-0dK
,8) 51 + 4 a 0 + $E% A
0"&4"+4" 1" 8 +" "2h"<4+"A " "+ 4Ci AS$/IE

m 1B ?* ™A /(™ )S"T/" 4™ a ™ "+ 1"Eh, ™A4/"E



4/< *Cm 4"L 4"+ 4"FOB "#¥'I1("C+G 0"%B " " 1" +"+1"
i"m™t1™/ G4™K "+ 0"B"1"/? 4"+ N™E ™ 2'("C
,02'-2& b 4F 0 0O/
$ aC\(
~"<A"B}ISH'"u" "2NNm "+ "$"E% "A 4Ci A O
r'"< ™AV "C4" o"("™ )4™ B: mbrx™K ™8 0% ™)x"K
"+ V'50F0 " 81" C "fC%" ~ }$'E% "+ 068 t }
m™B ?*™A P™ u" "PhilipsP"L 4I"C m "G /™ 1"B ? D2&%
() 0 xK t C B Stanton Redcroft
b3 ¢ - \&
1" C " rT" P"L 4"C m "Gx"0B 0" " 4" C"?
A "B : D" B ('K " 4"02'1 "2B 1"B ?* "A10"%A ¥4 BO
“ o (C "' FegSpB; 4™02° ™M+1"B ?* "W"C ,"8) "N
D™ B "+ 0"%+4"+JO0"A B (1" "'P"L 4"C m "GD™"™ a
JO"A4L"Ca-Fe ™8: <X< 9 ™ 4™02" "("C%" D ™/ «"%IT
™A™ O"F 4"FeB FeB 4"%02F (" G ™ 8 B="+ " ")4"F
, )1 DO#Fe,B 8 0%B + *+8b (FI <X< + 1BO#
(mC mrte (Mo 4"+ A/ME+ M8 ™ b ("G ™ VL"C
")1" DO"#Fe,SiB, 7" B a- Fe 0"%B "+4" "8b ("F ™
JO"A4L"CV" 0"%B4"1"?)1"" "qg D B4+ E B=+

"%/T ™ A™ N™E "™ 2'm ("/81" Y™B: C B="F"



“9%T D" B "+ 0" 0/ i™ -"2& "4"02'1 "2B % Cinl

"o402 "+ . " B+ 070/ i™da+ VL'C ()4 K
0'<("™™? B="+4%+ 0" "8b (F "+0"O0/ i" '," (C
4ma+ 14L"CV™ 0"%B ™+ i"™4™1BO"# I1("1" Il Kjmol 1™

( 12 'D B ,B+ 123

5: - \d
* A P"L 4"C m "Gx'HBSI-B 4"Ci"A 0"%B " 4! a
b™ H™) "+ 0"%+4"+JO08 X ("§g" )1 + = C ™ "B1"B ?

Y™B ("% "8 1"%G 1)("C 0"%+ A 1"G 1A"C 0%+ 4"+ MO"+ 4™ ™)

™ BlI"+ $"E% D*™%84™C "™ A"+ 4" Ci™ A B (" G/8L"

4"+ " @ G4/"E ) ™ 4"+ "+18" "% 5 4™ ("C% Fe,SiB;
(CEtPh, ' 0&

i JI

1- f.e. luborsky, amorphous metallic alloys. Butkarths, holland, 1983.

2- k.h.j. buschow, "amorphous alloys, "j. less. Cietals, 110, 205

(1985)

3- h.j. guntherodt and h. beck, glassy metalsfringpr-verlag, berlin,

1981.

4- r.t. dann, "glass-like metals, cut cost and gyeise, "machine design,

april 26 (1984).

5- h.e. kissinger, "reaction kinetics in differahtihermal analysis, "anal.

Chem. 29[11] 1702 (1957).



6- k. azhdari, s.k. barthwal, v.k. tandon and g, fgphase separation and
matrix crystallization in electroless ni-co-15 at@morphous alloy, "j. non.
Cryst. Solids, 117 [118] 535 (1990).









5PbO/3GeOK , $"_I< 5 c56 ,? |

,?76 ?3 #2 ,-+1#62

1# $%& ' 101( (L'

™ hT<4megm oL 8 ™ ™ PhGeO0,; S™ D™ i
1"%!8 " ("CE"  *"5 " " LCA 0"&4"H" 4™+fFI"/L G
$I'E 4" ("CrT" (" )R".KB " 4"Cm 4+ " " *" (A8
JO"ADO#4™+ A4" B "+ 4(CC 0"%B (/"5PbO- 3GeQ 4" C
$ME 0" /< ™+ @2, ")f"TB 1"#< +("BL/ME 0"G " ?

(C4B 80 + Om 44 C 4(+ O b

?2 W%

" ("C1™ C9 -" "™ "+ PhGeO,S"D™ i7" B

N "+ "FI"/LOG* ' "/L G "#</['C V' 4+7 B
4"/8)D0"# A "+1&0"/ "8D"a 0 "B "8) "54"FOB 0" 1 3

L, (C8 '# A +(F +

A™IL G "#<I7" B™ $" w 0"< 1"L ("C "f4" 4™0p

-("F ,0"a" " *5 " " LCA 0"&4"+7" B" Z
vto4mEt o(hco™ n K™Mo 0" (MB™IIL G7"'X

" 10T (M T S"D™ i "L GT" "#<

(Ct 1B ? + 0dB



4"+ ™ /L G 0" ("BIR ™ LCA 0"&4™+4™ ™ ™ g
IL'™L o™XV "C 4™ "'A1%"#LD61™ O"CL™ ;™ "NBDO0"#
"5 " 0" 0" " " (" G "+D"..KB"B (" )"&+ " 2"C
;)
_mowm5o o™ | CA Q"&4"™S™ D™ i 0"%+ "B
/" W"<" ("C 0"& 0" " 1 "CHH*'A PG (" )e™a
Mastsumotox™ OB 1™L /L 8 ™ + Q™3 4" ™ ™ _/™E 1™04G
I+ " 1"K " ("2&VU'E " + {0"" " ("Cm *) "8 1'/E%)
momlom& 4™ M QM AT T M8 2/ <M 4M+
., ('V#E? 07 /<* N 8D6 (BR2&$8 .K
" 4%+ @R A"/ Gwo0'<4'+ "dK VP B+
* 0" & AMNDY + KT ™ N, In® ("' 1"/ 8q4™ 0" M x M8 ™M+
0a i A (F 2
o™ /™ M2 0M&4A™+ A M T B o4
D™ i(™# : "B " 4" " ("Cm*™) ("C¥ 1L " " /L
o< ™+4™L  (™+(™ b™9 C™B , /™ ™ (™O0B1™ S™
, H)15+1+0%a 't 'A /L
" ("C4/<"Cb"G " GeQ PbO1"B 7" B "8 )" 4"L'A +
" "+ " "+ Q+4/<"C' -" "BGeQ3 5PhO7" B (K
" ("C A VL"C 4" (" )1"8!PhGe0O,7" B A "8 )" -~

(c¥ "+ "E+7" B" ('K ") 1" (" VL'"C" 4" 4"0) 2



("E "TB-"2/? 4~ W™#084DO"#1™ 8 "5 (" + A4™ B™+ +"+
™ 8 ("C7" B /00" ™ B™&+A%EE ™2 O"F S™
("G42' K& C " "BI')" R'h, ") 1" "ql'd <'DO#4+ ((F
"g="+4+" " QC(" 4"C "8 (# + 2 PbGeO,7 B+
"/IL G "#< ("G "8" "B4" "I" VL"BPhGeO, ("G
(C1

I'E ," 0+ A-/'E "BDO#4+7" B" <" "C6B
DI"IBP'™8 ;" ™t 2N "m ™ 1L"E ~m 4"™+SH" " ?
("A O'F 4"+4"%2F 1B6L" "&-/B('C " (0"Q (C RE1 )
¢&+4" ("Cl+ "2 REL'B ? " $'E /" V' 4"} "81d <
0%+ " $" " . V" 4™+ "@2") 1" SH" 1'B? " ) (A OF 4+
' (L"Cl" ("C (" P"G ("C ("C = 0%+I1"B ? 0"CV"+.

" ".K "B (" )¢&+b 0'G m"+D6L" " 0%+ " 4B =+4*
" ("C+7" B™ 4"B"F'B" "' "C ON/"EF "<

7" B" 4" " 4'E'OB " ".80 "+ " 4"Cm I"%T C

"+ R"5 -"| 4"%2F E+ "*m " (" 4"B 8 BDO#4+
" 81" 414" 1" I'L/L 8wO< 172 KUV & " 414
0"K'IO"C' V ("B-/"E 4™+4"4" C "8("# "+R"5-"/ 11"/
1"L /L ™ +  4"™a5 ™ 4™ }$" V'T%TB ("# "+ 1+ /" 1™ §-"

(1b <4*4 4024B=+& « b*8

$ X$\(



"B OT=T) " 1" 4"Cm 47" B 4" B4+0BF+
TOVL'C "t T VP (AT 4"+J0"A 4" CDO#4+7 B
, (C
" "+,0"+S" ("E $'"i("E 1i0"2MO0"%T 4~ B14"%? "
"8) "5 " 0" t w0"%< "+S" ("EPhGeQ, 7" BR"h "
(" )V"2 + &"9D(" 4™+-0'"G G-0"%K "'0 4"0%) "2 4"+ MO"%T
&" : D("499: C " " " 0"+ i0"2 MO"%T 0 E% I(+4%?
,8)"N' 0 ;E2B
("C ™51 B6G 4"B0+ V"< 4SHE"FI("C4 "E% 4™02' Pz"
'L ('CS"TI "E ("+4"+4"%? ","8) "N'kKVL'CR+a 1B ?4 '+
0" * JE 1"B ? "8 1" + "F4"S™ D™ i4" C ™ 0G4" B
,4C 4(+4B 8) 5 J 0 4C
SH' " ™ " " (") " & 4+SH'" 14C 0G4B +
JO"A "3 IV'#? "4"C"; ,"8)°"N: C " "+a SAV<
", 1IE+SA " "@2 SH'4"%TB &" V' & 4+4'%? " + 0
0"%/ ™ ™ " SH" 1"U*F "E+("# $" x "C "/+ I-"2 " 4%
,0a
V2 UBVLY 1L 0"+S" D™ i 4" C " 4"(+4" B4 (+4%?
" 4"(+4" B4+ WR"X0B4"0@ " u+"  "E+ ("CL SOEK
7" " 4"(+4" B4+ N "A "G'C 4LA" 0+ (" 4C

o"a® 0"%/ &" 4"+7" B " ("C TXOBW6"54" 2Z'0[" ) 1"2'



4"+ 7" 4T C " AT(+4"+1+ [T TP VL A 4C ? [B
ST TX 1 4AMHAT T OB =+ /&
( 1 BVL 1L /L G
4" (" )1"? h1" oM " " ("C4"8) "4+ 1,%/T C
vL"B "a%o /™ " ,0"a"™ (" VL*C B2"C 0"h4™+ Ae™h
="+4"+ mtm "a%o0 4%"{& 1" :cm "'A-0"hl cm *'A "a54" ("C
o 4™02'4™+ "La%oJ™h 4"™8 *™ 4%"#8 ™ 0"+ $ "¥B+ 5
0"+ $"3B'Y5: rpm "B:  "La%o &"(" 1" $"3B 0OC ) VLC
u"i"to4r <+ " "T+s "La%ol " " &" b *8 F
"+$% "8 TX" 4"B1" 4" C " 4"(+$/"E'OB7T"BB ("+ $ 5
&™ b *8 ™+4™ 0"h4"+("1F $"3B "La%0 "8 b<™ &" $"B
m " "A" 4"+ " 4"02"8 1" b " $%"8 TX La% 8 b<~”
m " "+0"™e: 99 m ("™? 1/ T"X ¥ cml™ B "M+
$ (G1/ : Csec (? & 4+ $/E'OB
b3 c -, \&
("C1" S" ("E V'< AS" O'F V" 4"+ 0" E% "ND X
u* 0"&4"+ ("W'b" 1" B6G 4"BO+1"%< ca" 984 S 4
"E2B 0" E%™ 1" b " D("C4"+ 4™02' " ; " VR2& 1'd <
YO"8 D6L" ("A O"F 4"+ ("C("B"+V ("B AS" "B 1" <"&+ 0"
4"+ MO"BTA 1" K 0"Cj 1+0"< 4"+ 4"%? ™ PA™L'A "HO"CS"™/F

"o &™ 1 D(™ 4™+ 0" ;"E2B 4™ 1h0"%d™ E% ("+ MO™%T



1" 4"02'4"+ MO"WVL"C$ "4'E. (L "+ 0"+ ("C4 B99: C
("C D ™Sf ™ "B1" B6G4™02'F : Cminb ™) &™ "+4"
4 "E% "4"02' 2'C "+ ("'4 "E% 4"Q2'("C " & 2 +Pz
"t St ("+ b " 2"E511"K ot ()T 2"C + (C
(1
4" C 1"'U*F "E+("# $" x "C"/+ 1'?14" C 0"G 4 B 4%?
0"&m 4"+ "'A | ['E 2/ 7" B4"+ "+1'"G F0C * /E
" ("C "' QVL"C 4™ ("C4"/894!"C 0"L (Transmission)
-0%™ "+ ™ OB 2/<™ "cw"B /M™E 4" ™ AJ"™ VL"C
1 2™"C7™ B¢H\ A b FI Ala | A "+ "™y
(Ct PhGeO,
VL"C 4" ("C4" B-0dilOSC 0" IS" D™ 4" C 0G4 B PG
o"* /E " \ C4"CTg " VvL"C " R"h," ("C o
(Ct I: CA
P"+ "™4"+ 0/ "8 O0'CrT" 7" B" 0+ " 4"C * 4L'A +
t 1b2 DO#4+ A4 0OC ;/

_TX_TQ }
_Tm_Tx

Re

(CtSfda'T, 0 * [E T IP+ /| GR,=+4a+

4C4+ [ ASH (C+ N*P+ 0/ 84A 4+ A + R, (. IX?



$ E+S D'i4C +P+ 0/80C ( 440 2 ,0a V(B
,0CL V(B4 C4+1T 4+7 B SH 4 AJ
5: - \d
4" (M 4"+-IM"E1"%G " ? 0" " "L G "#<4L'AV 4+
4" Cm 4™02"™ 4" B™ ™ 4/"E+ ("G "8 ™'A
4"+ 4"FOB "+ 7" 1"B ?$"i R2& OB " " 1" m
, A 4+7 (+14 (G 8 (C =+&
A0+ "4"CT" 7" B" 0"* [E = "+ &"4"+4F0B +
4"+ 1+ " "Fu:x Chec ("2 b " &" 4T (" 1" "34™+
(Ct7 JOAWE  4'(+
SA (4" (" 1" "'m " ("A" 4+ "0 GRy/
" rcy = =" S A VA 4"+ 4" " ("C A4L"C
"' 0"+4L"C SA'G8I™La%om "MA™ 44" C "M 4™+
,0+ 0G4 Bm 4+ E'm V#?24 C [+ ; (
Ji

1- e.i. sperenskaya, izv. Akad nauk sssr ordel K 163 (1959). From
phase diagrams for ceramists, amer. Ceram. Sa#4, 19
2- m.e. lines and a.w. glass, principles and apptios of ferroelectrics and

related materials. Clarendon press, oxford, 1977






13-w.k. zwicker, j.p. dougherty, m. delfino andigdell, "growth of high
guality lead germanate crystals for pyroelectriplejations,"” ferroelectrics,
11, 330-347 (1970).

14- h.h. otto, crystal data and crystal growth logg307, "j.appl. cryst., 11,
157-158 (1978)

15- h.s. chen and c.e. miller, "a rapid quenchauipnique for the
preparation of thin unirom films of amorphous spligv. sci. instr., 41,
1237 (1970).


















59M [$56 C

S5H ? #<1~ -2

i' 0 oG | (L OG

" ") ("A" 4+ <Q'B" " 4"C<"m bOG
(€ ) ( 4C
4"+ SfV"2& “"N' 0" S "AIO" 4" 0" $/"E S"T/ P"G
A" B4" G8 H"Gi™'™E2B : C ™ CdS ™ V" &+ "2
1'U "FO0 -0'h 0™ ") (™ "KBI T"X ("C7 b O0G PG (C
l: : D(™4": C 19: Cl:: C ™ 4™ ™ 4™02'Pz","8) "5
")y (™ ("CV"'A™ V" 0& " 4™O0F("C "8b ("F "N' "F4".5
*BSH'F4" (" " 0" ") (" "1'K1" +() LB'A O
"4 C" "+T7" B "+ "1"K " /" "+ 0"+ SH'E'  ?
&™ I D("™ 4"+ V™'A "+4™02' XRDJ ") ("A " 4™+ 1+"T/" $/"E
("o ey 0&P™MF ™ ™E (™A 0"F 4™9: C
V"+5 "B :B4™ C ™ 1"B ?M™E' "™/8 ")(™ 4/"E ") (™
(1 '7B ,B+ 144G
2 W%
2/<™ 4™ C4™$™ 1™ WJO"A(™F ™ ™ D™&4'C
<™ (™ SiQ1F ™A™ 1BL%™ ™ 4™ C 0™+ 123 ™

(L 4"+ " g0"U 1 "2Br "< L%" 4" C ("Ct" "4"C"4C



M+ "+4"F \: "B: "+4" C™ Si-O-Si-"dB 4" 0"+ V"d/
" Si-O-Si-"dB " u" 0B (™ "' VL"G™ k9% : 4" 1™ 8
(Ct 4C
(RI$"'E% 4™+ O™E ™"E'I1 "<1 "%5%5D™ B ("C48™X "+
"F (" 'vd/ "N " 4"+ Sig/* * go0"U 1"<+ ("+ b *"8
™5 Ag0"U ™N 1 ™<19%5 ™ 1 ™%50B™ 1I'"X0 1™L /<1 ™
4" C4"+V("B " b "4+ "N~ " 0") }D" B" (C48X{( )1
o™ $"N? " ,BI1"B ?M™E"' 7 "X18 14™ C /<™ "N"E' b "™ (Tg)
,)1l4C¢C
" 07) 0>?DO0O"# 4" (" O0"F "4a" 0"&4"+*' )
4" 1BO™# 1 0XC ,,Tg " b *™8 ' N"E' b *"&"&+4" C7" B
(mr2 ¥t ™4™ 0™mCc4™ C  "EO)) [ +™4a™ ""™)-0"LO
( 2'1V2& 0))
g"E? "™ ," $"EB1"' o 1" ™) 4™+ 0"B" "4" C
x"0Bk: : mmn0™ -0"h ("K Ph™, /L nO" 1 2"C 1"L*8
rT™ BV"+5V"f1F0" -0"h ("K ""e"%/T ™' ("C%" "E' $"~
(Ct
ki: k9:nm b;+
k9: 9:: nm 1+A
9: 9\ nm *

9\ 9 nm



9 I: nm 1IN''
l: = nm *5
+"+, 1" 4"°X& ("™ (L " Y0"8 "FO -0"h4&02N
( 134+1'4Cl14C 0&(;*h 1 T+SHFDO#
10 1° 4 C
(U0% 1' 4 C
1%'Al1'" 4C
SH*"F ™4™ C™ ™ V" & 0"+4a™ D™%8 ™ "# & "?- ")
1"U n0" -0"h ("K Ph", /L nO x"OBd4"= ""/L y"B i"™
('C1" $ "84"= "*/JL b"F "L 0"+ "G4"2' # &d4=(Ct
0"r1"8h ," 1"U nO0" x"0OB4"X&V"+5 " ({(? bF + =1’
+"+ " Q"D M50 (A 4= L 1IF "< 'L
*'n0" -0"h * SH"F ** " 0™ 4"+ 4/"E+ "FO -0"h 1">!+ SH"F "
SH'F "'0 4"L "%&MAC+H" n0" -0"h A "+ "/L bF-2/? OF4+4/E+
1™ Vv"0& ™ x"0B ("C "N ™1™ 1™ ""N'* D™/ ™FO0 -0"h
(Ct VLCR+a4C 0 0&1K ,E'1("w0%<
0'@2 0" "'Af"+4"+ <" 4"%A%" ("C4"1"4CVC )
4" C 4" iI0"2 0"h 4"+ V"™ 0& " ISf4"%7?0"A"™ **8,, ".'l6"h
u“2NB™ V" 0& IV"'A 1" 1 ("+4"%? 0"'+(" 0<,"1"+4 C (CbTG
"1BO5" 4*C " , ") 1" "N " S0"%a " (" " ("C 4/8

- ("C 1M 4"O0F 4% " 4"+1@0"¢" ' ".'1BOS" "4" C 6h1 +



4" "'AD" B4%" 4"™+D *%g'0"A" 4/<" 14" C 4" *%8D fC
(" 0"@2*™'(™ z?D"™ B(O"Q"™ "+ 4"+ *™%8 D 0"# 4™+
0" (" b"+V"'AD"%2&4" 1BQOHCL" 48"X S" $ % Iu%51 02 /A
(" 0% 1" " 4" C4%" 4+") 1" 4" C ("CD" 4"+ NI HG N

, 1" 2"c4+4C {o"" [/ ('K " E' 1+/ V+5 '12B

(Ct VLCR+a4C 00&1K

1 "B" $/"E (striking glassesl"'% AL 4T C M0 '")
™t oo m2.4m+ 1™ "8 b ("F4m?! 4" SiQ, K,O0 ZnO
(0"@" 4/<" . (". 4"+CdSICdSelCdTe 0"@2 1", V" 0& A (M)

(M w'< ["E+ " 4B 4" 0" " MO"%T 4#4C4.+('2 4C
Sf ™A1™ S™? 4"%TBIL"d < “("&If™+ "+b™ (& ™ )O "+
(od
c- $ aC\(
"+1"/8 )4"BO+11"/8 ) 1" B6GIWL " 0OA 24"BO+b " A P"G
J0"%F ™+ ™8) " ™N': C ™ Sfv"2& ("CS™T/I" ™ 4™
"4 (" PG (™ ) /™ 1 ™' ;"E2B 4™BO+ ™ V™ 0& /<0™

V"2& 4"BO+ 18" 4"+ "'A ("C D "?4"59D(" 4"+SH I =
4™as5 "+ 4%"#86¥«C D ™?4™.5: 9W ("N V "EBIS'™?
75 0"&4"+4"BO+W"'t'FL'BOt" SH" W= B( ) O a/
2 &" "+4"C SH' ("C "W't "+VL'C4"Cw"5 " V2&

44" )b 0"GF mm (" "B " 4%" 4"+ ("C4" B Cw5,0C N



4"+ . C 19: I " 7"BB4"+4"02'4("C4" B4™02' "~"7BB
402" 0™ O"&IV''AL'" " V'54"Y  V'A &",,$M " 1$'D(
4"%? (")H)$"B1" K y" " ("C ") ("1'U n0"-Oh (K
1"o0 " Zn 1"ol1l"L "8 4"+4" C ""N' 44 C 8b (FIV'A
4"/8 u"2NB "8 EAn "+ /<" 4+"B4a" 4'+*" V' & (C (FK
"FO -0"h SH"FW™< ™+ 4™O0F ™N (™21™ ("C 1™4"™ OF
(0@ {05 4+ (C1' oAPh, /L
5: - b3 \&
*N\"B %L"q™ 1™ "' " 4" C " SH"F10"2& 1" KkVL™"C
D" B™D™/ " " ("CV"A ™4"CO"O0"& ")(™y"
™ A" 4"+ 4"FOR™ H)L" b "2'4"+ ™ V" 0& *"%/T ™. <"%/T
tA 4+ 0OH y I
4"%?  "8b ('FSIO,- K,0- ZnO1 "B" "8 )" 4"+ 4"FOB +
, )1 N V'A
" 4"0F (™M4" 0"@" "oAl" SH'FV2&% 0 0&1K ,B
I("c 4" " 4L"C "+t "+ $" ID" K +"+1 ]V &
0"&I1"" V" & SH'F 4" "+ Ra0"a-0"h /L"0" FO -Oh1l 2B
( 212
“N 1™ 1'=0"h "' VA T VT & e "2,

( 12



"N ("+ 1" VL"C P'G4%"#86+4™"'e Db"+ . + 4C
, )1 1" IV'A
0"& (* "'1'U 0"n0" -0"h ("K " 4"C 0 0&1K
(Ct ' w0%< 0 <OL W/E
0"/K 1"U*F ™ ". " ,BI10" 1"' "4" C 4"L 4"+ 4"FOB "+
1rom) M E? I ™ "N ™ D(™C ((Cc " .B ™
0"/K 4"+ "E'1'0" "4" C " E?D('C4"+ <Q'B,” 4C
E' ' V&
V" &{0"4"+ I) «'50/ SH'F4" "? 41F +SHH [
, 1 /E+ 080 1
"%0& "2 4"+~("U0% 1'0" J6<}¢" 0"2& SH'F4" 4 C
(Ct+ 0 /%8 0&4+ ;/ V+5
J
05 / 5A 4C12C *8g¢g
a>/ BHA1L/L 0 1B ?wO0<g
f/ 5A 4/8 G 0 wO<g

* (N <QB, 4C 0&+(C 1 C iGk












56" ? M  zro,- Mgo- Sio, \ SrO*- 5<2D : #
5# $
56 5"F*g

JE%' 1(%:C ' 10 (L'

SIOL ™™"B SHITUE TGS )M AN g ATy
K+ 0" ("C4™U:n C1™ i 1"B ? 4%™# &r0,- MgO- Si0,
L " "3eT " 4" $M'E " +" "2 "@2 ,)1 5
0" ("C4 "%5 0" ("584™ 1™ 4" C*1"/ O"E'IL "'0 1" (
, (C4E . OF0 4+ 2/E + 4/8) B5A4FOB
7 W%
1"% < 4™+ "E' "B+1L'"L WG h"<4"+1 ™0 L ™
4"+°0"'0 ("E,” O™+ ".K  "E+4"FOB O" 2 4" 1°h|L -
"51FO"BV"+5 ;" 0" (1"PBS"T "8D " ,B h"<4"+r "<DO0"#
("E "3'1" (" "[B H"YO"8 "8D " ,B )0"%F ,™¥)
("G "0 1"IL " -"0)/B/2" ("C /" $" " $* I$"E%
I'CE $"E% ("E 1"0 4" 0" "d<' 1'L4L 4"+ 3)1
i"B "0 1/E 2/<" ("C7" BA"W'KFB ("C48"X $* (E

( 1 S0 4'" +1BL % 8D O0#4+ 02



4™ GD™&6h u"A22F1 ™B ~$/™E ™8 )™ 4a"a J(™
7'FO SrO *"8¢ 4" " ("C "& " I" 0"+Y0'8VL V? +1LO B
, )11 0 1L'L 0 +
$ aC\(
MO"%T 4" 7"BB ",4"H{"C ;" 0" m $/E 41 a +
vt o2 "I+ ("C4"B "3 0"1 2"C7" B : 1" }"4'02
D™ %2& "KB 0"2&4"0 O" ("C ("@ G "B@G5 0"2'g"G
VO ("Cfrot 1 2'CT7" B4'+4/MEISA " 0" Pz" 4/8) 5°=1B ?
b ™AD "?4"F 4™02: b™+4™ ™ "= ™8 )" D" a "+}
4"F Pz ("C ™ ™3 0D ™? B="¢ C1" = ™ ") St
4"02' " 1/2"ESQ"C4/'C 4"'1L " 0 B- "B4"+* +b AD ?
A O0"FO ™ 8XRD)P"L 0"BGm "G "+ ("0YG ("C f'o™
4%"#?2y """ QB "+ " P'® ("+4"02' ("25+ 2'"EEC1 C
4™ a 0™ (SEM, EPMA)1"™ /L o™ ™ JoL™ L J" "™+ XRD
, 4/8) 5
b3 c - \&
5<2D :# 1 )k9
Sfca™ VL"™C ZzrO, SiQ, SrOl1 "B4" $/™E ™8 )™
4%™# ? D "&6h It 4M ™ $/M™E ™ (liquidus surface)
1"B ?4%"#8:"+C1" = D "™ ("K $/"E ™ "~"B* 4™ a

4"+" ("A" "F 1"B 4" $/'E " D" *Fe"C,” (C 4B: C



SiQ, SrOu%™X 1"L * $/"E Sf4"a.' "B"GI™ (GVL"C 4™ 0"h

{o™ $M™e ™ ™ 4"™02' M'0 ""CE" 9: C ("? 4™/8) "5
o"F, "™A ™ (™ ™[B™4"0@ SrOW ™g 0™+ "% 00
"F 4" ("(F1"B4" 7" B ('C(QBpzZrSit0O;1 B4 7 B
, (C18! SrzrSi0, -0 8 + (C-
4" (* 1 "' MgO SiQ, SrO1 "B4" $/"E  "8" )" VL"C
1"™"B4™ 7 B V "™CS$"E,”™ ("C4™ B H™Y0™"8m S M+
C (™?$/™E Sf4™a' "B "™G("™C¥™ SLMgSLO, SrMgSiO,
, 4/18) 53$/E SiQ, SrQu%Xun* $ +4 0+09:
el I™'0 (™E e: e: ™. "4+(isopleyhal sectionypn "™+ "~
"C+ ," ("C4™ al™8 "$/"E S"EWU"E -: $*™ ("E
- 0"&4"'H("C1" " ("E "B4" MO"%T ("C"f ("# (25+YO08
$'0" I$*™  (™E MO"%T ("™2B+I$S™E% (™E-9: ™+ 1™C+
("E "B4™ ¢« DO"#4"+ (M2&+ ™ "C+ )" " O"E' /
m"+ A 4M02' " 9:4" "C "3 ("+1" ," ("C b "2'4h0+
"F wh™} "C+ ™ 4" a D"U¥VL"G("C1" "~ 2"C("E
, (Cea
(solid state compatibility (" F ™ ? )™ 1F ™2~ ™ kVL™C
4"+ o emo1mo Mt 1 "B MN$/ME ~" \'} 0"FOtetrahedrons)
)™ O0"K' $/"E 1 "™B4™ 7 B ™" 1"B 7" B O"F h"<

(M1™B N"$/ME Sf4d™a.’ "B "G(™ )1™ "N ™ 'Acompatibility)



SISiQ 1 F ™At 4=yt o7t BV™K "™ o C
(Ct SIiO, SrzrSiO SpMgSiO,
0"<4™+ 1 "B "$/"E ">8$"IR'E5$*™ 0™'0 ("E
1 2c7 B 1" " ("K H" Y08 ("E +"H" wd<
IPL& "™ ) 1" "g ("C4" a " 4"02'4" ("F 8 0&4+D ?4F
" MO"%T 1) " 4"+ 0™+ "0 $"E'/$"E% ("E "8 ("K
"q "GSf4"a.’ "+1"B4"1 "B D" B*"%/T {0" D0"'#4"+ ("@4!
$'E  O0'"FOD" B " "+4"E. SrMgSiO, 1 "B4" 7" B(™ )1
)" M+ (™B 7™ B ", 1™ W/"E' "8 ("K1"B "
"q4"0't " 4" "8DO#4€4"m aD B7%o 1) 4+ 4/C 0>?
(Ct O0<+ /+1E (G ()
$IN* 5# $ 6
4" 0" P%" 1"d <'1"*F (" O"F I(™ ) "f4"( 4"@' "
$"E% ("E, " 1" 1*( " " 1L'"L " .b " 7"FO 1 "0
7" B4™+4/"E+ ("C7" B"'0 [B "+ ("C48"X $* ("E "F@"
4"+ " 8", ") 1" Mg,SiO, "+ MgSiQ " 8 1L VL"BV"&I1 2C
Sf4™a.' /"C ™ SH" ™ ? -~MgSiG} "/2 1Ka™ b™ 0"+ h"<
" 4™ $./"E -"dB ™MA 4™ ™+ "™ 8DO0"#4™"Mg,SiO}=""+
$/"E "8 )™ 4"l a V"#?D"8h /" "H" 1" )0"%F "'0
("CI$™E'/ ("E ™ 48"X "+1 ™'0 4™ 0" wO"< Q0" +B""

4"+4 ™C1™ 8VL™B "+$"E™E ,0"2'4™FOBV™fe™C4™+ 0™/+



g ("™E "+$"E% ("E"™ B SrSiQ, SrSiQ SrMgSiO,
15"+$'0" ("E -I"E (< WB("2&$* ("E 4"'NJ{' 1 )0%F
4" "+ G ("F "8DO#4'+" $"E% (" 1" "[B A ("
"+ "GSf4"a’ ="+1Ka" b" 0"+ "+ 1+H" "8 D O# 4%1,SiO,)
0o"2'1 "'7".& "4™ SrSig " SpLMgSiLO; 7 B4"™+ " *'1" B

( 1 1f0;4labca 4+ (C * Fn8 V%<V<
MgO SiO, Srg4™ . ™ 4" a "KB1 "B ~ 148 ™ $/"E
1™ ~ 1™B4™ 2/™E 4™+ ™ ""C ~ZrO, MgO SiQ, SrO
12 b™.'4™ (™ ZrO, MgO Si0, CaO MgO SiO,- CaO
(" ("&4M+1 ™0 1/* 1/ 0™ 0O™E' "+ 4™a+ O™E' I'"#

y "I'( ("C4"E . $" "+ 4"8)5%4" a 0" V'd; 0"h4"+ OH 2/E

gii)?' 2 "+1"* 0"E'W=0"# 4" " 4"#69"B' 7/"BB 4+ A4%#?
|
2"'E & O"T+ ") (" 1" ""0O'< "+1A "™ " =08 B ?4F

"8 )" D" al$" 4"E . "E' "™ 4"+4"FORCa@® 2/"E "+ SrO

Ca Sro, Dy=my momE gmom o qm w

CaO4™+ "ESrOD™ B~——
SiG,

~_Ca,.SrO~1} "G " "E' IPL&™+ (/"E O"<+1="+B"? "™ .
SiG,

(C4+ SrOD B [/ . CaOD B

"8 C (" "B1"B "“"$/"E Sfd4™a’ B "G4"L 4™+ "3

(glass forming system)" 4" C$/"E " $/"E " 4"L -"2/? I( 1"

"~ VL'G$"E% ("E<9:m"+4">5" & "+ 0+ea  1h(C+



V'K rT™B ™+ (" )4" B "8 )™ 4" a V"#?D"&6h I
R "+ "4M02("CS"T/ 4"a " 7" B "l GSfda'+4a
™ B "A~" (("C4"/T Sfko: CD ™ 1"L /L 0™ I1™ B6G 4"BO+
4"#6<9VL"C -("F ™'Aw0"< 7" B4™ (™02{0B ("G 724" C
., (A F 7%a D *F (C
5: - \d
2""E  ZrO,- MgO- SiG,\ SrOL "™B ~$/M™E ™8 )™
o(tmc 4™ aMgo- Sio, - Sro - ZrO, - Sio, - Sro1 "Bt
2/" "8 )" 1"B ~$/E ""+("F"? )"1IF "~
cit = 1" ? ("K "™ B* SH" ca"v "Cl"#
1F ™A~ ™ V™< $™E Sf4™a.' "B "™G"™ ("™C4™U
(e grmtommg ) M0, - SLMgSL0, - SrZrSi0, - SrSiQ
(Ct @ C
11 "'0 L "1L'""L wO"< 0" +I("C ""N' D" A
, (C E'$E'/ (E 1*F (. *8 4+
0" 2/"E $"E% ("E "+$"E'/("E 1* "F V"#?2D "t
, (C1+bG OE
Zro, O"F ("C¥" "4 "C$/"E ™" 14 a 0"1"B "$E Kk
V"+ @lurabilityl 2"C (" GK,0 NaO "3'1 "%5 0™ 0"F "("&

"E+ "+4"E . 4%"#?4" C (" 1" 2">B "4 C + 1FOB



(Tg)4™ C4"+V ("BD "?4"F "ELC"X 10"2! ™ 4" C
([E 1=+
Ji

1. Advances in Ceramics, Vol.12, Ed. N. Claussen, Rtihle, and
A.H. Heuer, Publ. The American Ceramic Society.li884.

2. R. Stevens, "An Introduction to Zirconia,” PWbdngnestium
Elektron Ltd. 1983.

3. Advances in Ceramics, Vol. 3, Ed. AH. Heuer, dnilV. Hobbs,
Publ. The American Ceramic Society Inc., 1981.

4. J. Drennan, and R.H.J. Hannink, "Sintering Aitty Partially
Stabilised Zirconia," J. Aust. Ceram. Sov., 20(B834).

5. I. Drennan, and R,H.J. Hannink, "Effect of SrQiditions on the
Grain-Boundary  Microstructure and Mechanical Prapsr of
Magnesia-Partially —Stabilitised Zirconia, "J. An€Cera,. Soc., 69,
541 (1986).

6. S.C. Farmer, R.H. Heuer, AND r.h.j. Hannink, téaioid
Decomposition of MgO-Partially- Stabilised zZrO J.Am. Ceram.
Soc., 70, 431 -40 (1987).





















