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ABSTRACT

Frve eucrypiite and ten spodumene compositional powders were synthesized [rom three silimamite group,
two kaoln group, and five pyrophyllite group silicate minerals Those powders were 1sostatically pressed and
fired al 1200~1350C [or 2 hrs, and then the sintered bodies were characterized. Silicate minerals with molar
rabo of ALO, to 5i0; correspond (o those of eucryptite and spodumene are kaolin and pyrophyllite group
silicate minerals, respectively. Sinfering characleristics ol eucryptite from kaolin group and spodumene from
pyrophyllite group mmeral were superior to those from other silicate mnerals. Eucryptite sintered hodies
with 95~97% relalive densities and densified microstructures can be obtaned using Hadong pink kaolin as
starting matenals by sintering over hroad temperature zone{(1250—~1350C). The eucrypute sintered hodies
which were tired at 1300T for 2 hrs, from Hadong pink kaohn had within 3.0 wi% microstructural compositional
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variations compaired with stoichiomeiric compound, and had good negative Lhermal expansion properly with
—355X1075%C thermal expansion coefficient, Spodumene sintered bodies which were prepared from pyrophyl-
lite group silicate minerals, had dense microstruclures and high densities by densification through liquid phase
sinlering with enlarged temperature range. The specmens which were fired at 1300T for 2 hrs Irom Gusi
pyrophillite, had dense microstructure wilth crystallines mainly, and low thermal expansion property wilh 0.62 %

107%/C thermal expansion coellicient. The porous texture and residual g

vlase phase in LAS system ceramics

which were prepared from silicate minerals, lend to increasc the Therma] expansion properties of sintered

bodies to positive direction.

Key words: LAS ceramics, Eucryprite, Spodumene, Sificate mincrals, Sintering, Microstrucrure, Thermal expansion
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Table 1. Various Synthesized Powders of LAS Ceramics for Sinlering.

LAS Ceramics Sample Name Silicate Mineral Sources Synthesis Condition
& V-Ey Virginia Kyanite 1200C —10 hrs
® C-Ky CMEK International Kyanite 1100T —10 hrs

Eucryptite (& Andal Intermetmm Andalusite 1200 —10 hrs
&) Hp-Ka Hadong Fink Kaolin 11007 —10 hrs
€ Nw-Ka New Zealand White Kaalin 1000C —10 hrs
(8 V-Ky Virginia Kyanite 12507 — 10 hrs
® CKy CMK International Kyamle 1200C —10 hrs
(® Andal Intermetmin Andalusite 1250 —10 hrs
€ HpKa Hadong Pink Kaolin 1100 —10 hrs
(&) Nw-Ka New Zealand White Kaolin 1200C —10 hrs

Spodumene . N
E Y-Py Youngchun Pyrophyllite 1200C —10 hrs
& G-Py Gusi Pyrophyllite 1250C —10 hrs
& D-Py Dado Pyrephyllite 1100C —10 hrs
& W-Py Wando Pyraphyllite 10007 —10 hrs
& C-Py Chungsong Pyrophyllite 1000C —10 hrs
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Fig. 1. Bulk deosity and linear shrinkage variations of
specimens sintered [rom 1200 to 1350C tar 2
hrs with synthesized eucryptite powders deri-
ved from various silicate minerals.
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Fig. 2, Bulk density and linear shrinkage vanations of
specimens sinlered from 1200 to 1350%C for 2
hrs with synthesized spodumene powders deri-
ved from various silicate minerals.
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Fig. 3. SEM pholographs of specimens sintered with synthesized eucry-
plite powders derived (rom varipus silhmanite or kaolin group
silicate minerals.

(a) @ V-Ky (1300C —2 hrs), {b) & V-Ky (1350C —2 hrs).
(¢} @ C-Ky {1300T —2 hrs), (d) ® C-Ky (1350C —2 hrs),
(c) & Andal {1250C —2 hrs), () & Andal {1300T —2 hrs),
(g) @ Hp-Ka (1250C —2 hrs), (h) & Hp-Ka (1300C —2 hrs),
] (Y ® Nw-Ka (1300C —2 hrs), () & NwEKa (1350C —2 hrs)
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Table 2. Results of EDS Analysis of Specimens Sintered with Synthesized Eucryptite Powders Derived from

Various Silicate Minerals.

Sample Sintering Condition Analysis Al S0, Total
Name {Temp.—hrs) Position {(wt%) (wt%) (wt%)
Crystalline Part 469 52.0 939
® V-Ky 1300 —2 hrs [ystaTme far
Glassy Part 421 2.8 949
. Crystalline Part 45.1 53.9 99.0
© C-Ky 1300 —2 hrs
Glassy Part 44.6 52.7 973
N Crystalline Part 4.7 54.2 08.9
& Andal 1300C —2 hrs
Glassy Part 419 552 97.1
N Crystalline Part 46.9 51.2 08.1
& Hp-Ka 1300C —2 hrs
Glassy Part 42.9 528 95.7
N Crystalline Part 45.0 54.4 99.4
@ Nw-Ka 1300C —2 hrs
Glassy Part 448 54.3 99.1
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(s) (t)

Fig. 4. SEM photographs of specimens sintered with synthesized spodumene powders denived {rom various silli-
manite, kaolin or pyrophylhite group silicate minerals.
{a) & V-Ky (1300T —2 hrs). (b) & V-Ky (13507C —2 hrs), (&) /3 C-Ky (1300T —2 hrs), (d) & C-Ky
{1350°C —2 hrs), (e) & Andal (1300C —2 hrs), () & Andal (1350C —2 hrs), (g) & Hp-Ka (1250CT —2
hrs), (h) & Hp-Ka (1300 —2 hre), () & Nw-Ka (13007 —2 hrs). () (& Nw-Ka {13507 —2 hrs), (k)
& Y-Py (1250C — 2 hrs). (I} (8 Y-Py (1300C —2 hrs), (m} & G-Py (1250°C —2 hrs), (n) & G-Py (1300C —2
hrs), (0} B D-Py (1250C —2 hrs), (p} & D-Py (1300€ —2 hrs), (@) & WPy (1250C —2 hrs), (1) &
W-Py (1300 —2 hrs), (s) (8 CPy (1200C —2 hrs), () & C-Py (1250C —2 hrs)
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Linear thermal expansion curves from room te-

mperature to 800C of eucryptite sintered bo-
dies derived from varous silicate minerals.
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o) b5 =0) sillimanites FE2HE 249 @ VEKy,
® CKy ¥ ® Andal £d4e Sa83457 — 165,
—206 2 —301x10"%C 2 2 Adjgre] e kao-
lin% #E2 £45 ® Hp-Kad @& Nw-Kae= —35548
—339x10°%Cc 2 & AL ¢ F vk
B-spodumene-® FHAA L] A HAE = A
z2 Adgro® Fjlalq 7 F52] (8, ADO, b
AL A= ded, & TR APEA ol A3
a7 43 Ve 2 wlgale o2 ARAr 2 oAeS
Azl oled, ddste we)s) Adg F A sl Liz)
A= Alma vl flell EA AR 1/2 RIF o7} 9lef
HEQ eEe] #H(+), aF2 F(—)2] g3} oA
A AL Beucryptitesh= b el =(+)2
a5 EANS zhech
Aol E IE2HE 1300C &4 222k
spodumene 4:7#|8] A-2~-800T Fxhel| 2 2
FHAZ eucryptitesh WA E A{(+)e] Al
27 9l&e| Balrh Fig 4o+ Hal wle} 7o
el 728 ZH= sillimaniteE F52 222 g
4HA7 AR g9 3ke] =3, kaoling FEDYE L]
spodumene A2 A7} vlad o fa-S g3 9lL-g
ot 4 glch pyrophyllited FE Fol4 i gloz
He] AzF spodumene A A7} 713 =l ale)
dojrlw FAGAH e 2R el LB shY e
B4 de|=wH, ol ol Fzte] XRe] glAel

wol
B3
#2

24



delAele HES 18T WRFY

Table 4, Linear Thermal Expansion Coefficient of
Spodumene Sintered Bodies Derived from
Various Silicate Minerals.

Sample Temperature Range CTE.
Name Ty (X 1075

(8 V-Ky R.T.~800 2.35

(8 Andal R.T.~800 1.92

& Hp-Ka R.T.~800 1.19

5) Nw-Ka R.T.~800 148

& Y-Py R.T.~B800 1.63

& G-Py R.T.~800 0.62

E W-Py R.T.~800 (.88

Apo] B dEddeaye|y AdARe BAdR A
WEkg o2 FAgH e 2RE 8 A s dayate] o
& 7% 2 5 9}, olE eucryptite AF Ao 48} o]
thad 27 9 fFelEz Q3 wdszle] adulalael
g el A(H)e WRew Wi
= A§71-EJ1;],

Tahle 40 = Fig. 68 g3 e rie] A4 o
ZAdA e dARASE Jeplided, ole 4«
g2z AEe PREE A G35 A
AeRal oF 25X 1075/C e} ¥ greirh sillimanites
FE2 245 © VKys} & Andal 4AA = Agz
A7l 23520 L92107%C B viwa 2w, kaolin®
&, pyrophyllite® g o2 Al HejA] ),
® G-Py 2747} 714 2 062X1079C 8 g2 B
o)=d], o] solgel oz FHAsle] A2 atadE
spodumene Aol 4] S G 14x1075C 2o}
F ghelvl, & Y-Pye] AS= ddd Fof9f freiie]
sdske] 2 Fle=w A)zbEch

ae)de]le FZ2 U o] AzF LASH et
ol dl& 8007T 778} il A2 eucryptiter F(—)
2] EAS spodumened A(+)e] EAL by, d5
Ve A B g A A 2E W AR gelake
dd kg A2l weber WEARE o 5 gloh

al

&
;}-\]o

fr _l

e

ot
r o

[
R

4. #d E

10 F5 AelAele FE ztg ALEshe] g4
cryptite 2! spodumene ZAETE £HE dz¥wg
ate] 1200 kg/em’e] gH@ ez At Adela 1200~
1300 gelellA 50T A9 FaEselA 2417

329 A2 5(1995)

4 LASH) Ajzielxe

Azl frr =i

sl £AAE A%t 24L BAste] o) 2
Axg gl

1. eucryptite®} spodumene?] TA4ElEa) ALO,9}
Si0p8] Bele] et FEHE e AndelE 3%,
Z eucryptite= kaolinZ, spodumenes- pyrophyllites-
BEL AMEERS] Al Ewl LASH Aletu]ie) A-d B4l
tE delFele F AERNE Azg J$ud £
shdh

2. eucryptitetr o} A=) 7 OIE J’ﬂ%iﬁ} R pink
kaohng EUAED FA] 442 d, Y& LG
(1250~1350C)°1]H ol 22 95"-97%0]31 R
7b 7h Adg AAAE YE = glelen, 1300 4
2417} _z.“‘é?l' *]%ﬂ% olHFE Yede AT ALy
LSi0; 24 At siakkE BeEs dlamele] 30

e

wi% e, da @At —355x107%C 9 ()2
A EAE zheck
3. spodumene2 pyrophyllite® #E& H448F ¥

A7 22w a2 B 3 dabsde] A
e w2z} vlmdy Adim UEE o] Fr)
TAEAE HR 130T A 24078 24T A
Alwy ZHAg AWEd |47+ E 9 %
ﬂl—r 062x107%/C 2] g ddF B8 ghec)

4, dEiAele FEL SuRale] #Aag LASA A
ghal o) ol 22 Y AR felabs guside A
(+)ye] ke Flej¥s o 4 sich

REFERENCES

1. BLEEE, "PiFgdE _HHAMED 458, BESgHE B33y
7 Z, pp. 167-201, -k, 1987

2. RR. Haghighat, D. Treacy, C.G. Pamdano and L.C.
Klemn, “Processing and Sintering of Sol-Gel Derved
Lithum Aluminesilicate Powders,”
FProc, 10{(7-8), 707-719 (1989).

3. H. Suzuki, ]. Takahashi and H. Saito, “Preparation
and Crystallizaton of Precursor Powders in LiO-
AlO3-510, System,” [ Chem. Soc. Jpn., 10, 1312-1318
(1991).

4. JH. Park, HM. Kimm and HS. Lee, “A Study on the
Microstructural Control of LAS Ceramics (I): Influe-
nce of Lip(04B;0; Frit Addition on the Microstruc-
ture and Thermal Expansion of p-Eucryptite Cera-
mics,” J Kor. Ceram. Soc., 28(5), 415-421 (1991).

5. JH. Park, HM. Kim and HS. Lee, "A Study on the
Microstructural Control of LAS Ceramics (II}: Influe-
nee of LizQ-4B,0; Frit Addition en the Microstruc-

Ceram. Eng. Sei.

—181—



10.

LSRR

ture and Thermal Expansion of -Spodumene Cera-
mics,” J Kor. Ceram. Soc, 29(7), 533-538 (1992),

. J.H. Park, HM. Kim and H.S. Lee, “A Study on the

Microstructural Control of LAS Ceramics (III): Influe-
nce of Li;O-4Bp03 Frit Addition on the Microstrue-
ture and Thermal Expansion of p-Spodumene made
from Kaolinite,” J Kor. Ceram Soc, 29(8), 646-650
{1992).

. H.S. Park, K.5. Cho and C.5. Mun, “A Study on Fab-

rication of LAS System Ceramics for Thermal Shack
Resistance from Silicate Mmerals: (I) Preparation of
Eucryptite Powders with Sillimanite Group, Kaolin
Group Minerals,” J. Kor. Ceram. Soc, 31(5), 572-580
(1994).

. H.S. Park, K.5. Cho and C.8. Mun, “A Study on Fab-

rication of LAS System Ceramics for Thermal Shock
Resistance from Silicate Minerals: {II) Preparation of
Spodumene Powders with Sillimanite, Kaolm and Py-
rophyllite Group Minerals,” J Kor. Ceram. Soc, 31(7),
784-794 (1994).

, H.S. Park, “The Fabrication and Powder Preparation

of LAS System Ceramics from Silicate Minerals,” Ph-
D Thesis, Kyungnam University, 1994.
T.¥. Tien and F.A. Hummel, "Studies in Lithium

11

12.

13.

14,

15

17.

18.

—182—

L= N
o

Oxide Systems: VIII, Lix0 AlaOj-25i05-Li0 AleOy-
2Ge0s,” [ Am. Ceram. Soc, 47(11), 582-584 (1964).
H. Kobayasi, N. Ishubashi, T, Akiba and T. Mitamura,
“Preparation of B-Spodumene Powder by Sol-Gel
Process and Properties of Sintered Bodies,” T, Jfpn
Ceram. Soc., 98(7), 703-708 (1990}

Q.Q. Chen, G.W. Grave and P.L. Gai, "Microstructure
and Grain Growlh in Liz0-ALO:-5i0: Glass-Cera-
mics,” | Mater. Sci, 17(9), 2671-2676 (1982).

AA. Fahmy and AN. Ragai, “Thermal Expansion Be-
haviors of Two-Phase Solids,” [ Apply. Phys, 41(13),
5105-5111 (1970).

W.B. Crandall, "Low Thermal Expansion Ceramic and
Process,” U.5. Patent, No 4, 301, 214 (1981).
FaArETIVIAREERE T4/ EFIVvrAE
&, pp. 188-197, HiaRE, BT, 1984,

- RO, I, ERER 7 3 o SRR

Wi 7 3oy Z, 14011, 967-976 (1979).
W.W. Pillars and D.L. Peacor, “The Crystal Structure
of B-Eucryptite as a Function of Temperature,” Am,
Mineral, 58(7) 681-690 {1973).

H. Schultz, “Thermal Expansion of R-Eucryptite,” [
Am, Ceram. Soc, 37(7), 313-318 (1974).

24]5t87]



