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Relationship between Surface Roughness and Crystal size of
Liy0-Al;03-Si0O, Glass-Ceramic System
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Abstract The glass-ceramic based on LAS(Li;0-Aly03-Si0,) system was observed using SEM(Scanning Electric
Microscopy) and AFM(Atomic Force Microscopy) and it was expected to get a correlation between the crystal
size and the surface roughness through the result. At heat treatment conditions (the nucleation: 740~800°C,
the crystal growth: 900~1150°C), the crystal size was increased from 72 to 450 nm so that the mean of surface
roughness was also risen from 0.8 to 6.3 nm. Based on the results, the surface roughness of glass-ceramic is
controlled by the factors, crystal size, crystallines, and the condition of heat treatment.

Key words LAS(Li;0-Al;03-S105), Atomic force microscopy(AFM), Surface roughness, Glass-Ceramics.
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AAskele 294 T A8E Ao2E MgO-
Al,05-Si0,, Li,0-ALO5-Si0,, Na,0-Al,0;-Si0,, PbO-
Zn0-B,0;, Zn0-B,0;-Si0A So] vt we ARs5
4 & AY 94 ALE Li,0-ALO;-Si0, (LAS)A 23
sfale A9, AAEA Fe4L AU 282 2

ol
-

W 2RsHrelss A7AAE, AL vt
7, A3Hg x2717], £AHE BE SOl FHSIE o
I AT FAA BEA 2 $EHAE Foise
v, & F34°] S8y 2As=rt w2 A
2l Axde Ao, 2P0 wet RUYEHIL &
2F glo] WAt e ¥He AFY] B ¥FE = 7

"E-Mail : hskim @sunchon.ac.kr

505

Fiiel s ki3

ot z2Eu} o7
ofR7] ot}

Aol e Ao Ade=

E A= LASLiL,0-ALOs-SiONAl 2432l E
dAe] 2x9 A7k WE FHREe} uA 2] Wil
& Zolry] sl OM, AFM, SEM, XRD 52 ©|-&
st g og AU o9} 2 EXee =7,
AR 5, A7), AR 744 Fol A =

o "A= 3
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o] Ay ARgE FE2FL Li)0-ALOs-Si00] MgO
o YALAZ TiO7F vl FLE H7E o] o]FolA 3l
th o] AEE AAAEAM At FES] ETHS
, EFO 2o "ol 1600°CY] A7120M th 5

S8t Az"E 729 AAEEN T HAEA
Aol Asl2 9l Mol L g uEgo g IPAHLLEE
A4 ATh Zhele) d9AEA THLE SXSX5mm’
7o R Axg F EEA7)(TMA, Rhometric
UK)E o83t 5°C/min®] $2&EE FA3Arh A
AGEA L FEELS wE AHEIRY Y 2o H=
£ o83l 1400°CAIA 1 h B £83). 2B A
kA Wztele] AR wHEo] DTA(Differential
Thermal Analysis, DTA-TA 1500, USA)E °]&5te] &
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Aegh 2 £55 10°C/minE 3t 1500°C7HA] &
gate] EAWSIE ZAIATH

E4EE 05X05em® Z712 Aested SiC @viA|Y)
F4499kt 0.3 um ] ALO; £, 025 um<] diamond
EUE Adulslgnl, a8y drtd 26538 AAEE
5

M3t QRZFLE wEeE YL EE 740, 760,
780, 800°CZ WSIAIFIAL, 2t 7t ABAE 2EE 900,
1100°CZ 39 A& 3Rvh. 28y YUY 2ES
760°CZ SGA71L FAIMNZHE 0.5~4 A0SR k] 900
~1150°C =9 ¥ 9lelx A4 H .

dxelzdel wE guzze wWilE Aslr] sl
o] AFM(Atomic Force Microscopy, Autoprobe CP-
Research) £41& 3} R,(mean surface roughness)}
Rq(root mean squared roughness) Z+2 2430
AR Aol AAYES Feb] st FEE vt
oA Es43te] 325 mesh oA A7ES A BFE o83t
of X-A 3)HEA(XRD, Rigaku, D-Max 3C, Japan)<
att. 53 z2age] e FEg AAHE ¢
A ZZIW(Multiple Peak Separation, SoftDisc,
Korea)g o] &3l ¥ A8 EAsich Tg Andh Al
HE 10% HF &9 o3l F83u]7 (Olympus
BH2-UMA)3#} Ax}5=AF )7 SEM(Scanning Electron
Microscopy, JEOL JSM-T330A)2.2 B3l A =
7ol w MEdE AAA 27|89 BE 5 2HY W
stg A&

3. & « 1

LAS #8& 760°CoAlA SAAFAPEL sz, 2HAAZE
900°CS} 1100°CollAl @8] g =FAMRS Fig. 1, 2¢0
YeEPAT. AAAAZAI Tl F7H wet 900°Coll A=
A732de] Z7)7F 72~106 nmE H3F3. 2™ (Fig. 1), 1100°C
XM= 337~418 nme] W3S RATH(Fig. 2). 22l A
Aol 2717 100 nm olsh7t HH FHI o, 2 ol
o] B BFHA vetylth oA FHAE KR
7] feiMe= AR 2717t AR AR AR
-2 °F 100 nm ©]ate] A, AR e] 338HE olukAo]
25, AR fE133e] FhE&at Folol sty o
Fojth Y

ol¢} -2 ARYe Ay Wzt AP &5
Yol 7] 93 760°CollA HAA, 950~1150°CelA] AR
AR AR E SR o 2348 EEs
1050°CE #AFHLE A2oX YA &2 F43] 5
743k 73S Hol|WA (Fig. 4), @X2] =7t F718d
w2t A4S B HA AN A7l St
SR th(Fig. 3).

Mzg AR e XRD A (Fig. 5% Fig. 6)=
900°CellA AX2] & AL FAZ o] AlZke] Frtgtel
w2} LixAlxSi; x0, A1 B-LiAlSi,0sZ H3th 27
3 1100°CelM ExE] @ Ao FAA L LiAlS0S
2 A7 e dste Bo|A] ¥tk AR FRA,

Fig. 1. Microstructure (etched surface) of glass-ceramic heat treated (at 900°C) for different holding time (a) 30 min, (b) 1 h and

(¢) 2 h after nucleation at 760°C.

Fig. 2. Microstructure(etched surface) of glass-ceramic heat treated(at 1100°C) for different holding time (a) 30 min, (b) 1h and

(¢) 2h after nucleation at 760°C.
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Fig. 3. Microstructure(etched surface) of glass-ceramic heat treated at (a) 950°C, (b) 1050°C and (c) 1150°C after nucleation at

760°C.
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Fig. 4. Crystal growth rate of glass-ceramic heat treated at
different temperature (950~1150°C) for 1 h after nucleation at
760°C.
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c=543A, cell 3], V=1264A% hexagonal®] £4
S Bt AT 2417 oM E ARME
a=753A, ¢=9.15A, cell 3, V=52007A°2 a3,
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760°Cl A AEAEE &tar, AF9FE ZHzh 900°cet
1100°C oA FAAZEE: 0.5~M7ke2 sl EHET(Ry)
o] W3lE #&E3 AAE Fig 73 2ok 900°CAA =
BAZE7}F 1.3~4.14 nm= A3 oH, 1100°CAAME 4.2
~8.5mme] WIS B
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9 F2AA A7 oPFEEE dAS WEst glo)
B 271 Ui @ A4 2 AR s
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Fig. 5. XRD patterns of glass-ceramic heat treated(at 900°C)
for different holding time (a) 30 min, (b) 1h, (¢c) 2h and (d)
4 h after nucleation at 760°C.
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Fig. 6. XRD Patterns of glass-ceramic heat treated(at 1100°C)
for different holding time (a) 30 min, (b) 1 h, (¢) 2h and (d)
4 h after nucleation at 760°C.
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Fig. 7. Surface roughness(Ry) of glass~ceramic heat treated = e e = !
{at 900°C, 1100°C) for different holding time (0.5, 1, 2 and
4 h) after nucleation at 760°C. _
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Fig. 8. Surface roughness(Ry) of glass-ceramic heat treated Fig. 10. Crystal density, roughness and crystal size as a

{at 900, 1100°C) after nucleation at 740, 76¢, 780 and 800°C for 1 h. function of heat treatment temperature.
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Fig. 9. Atomic force microscopy of glass-ceramic heat treated at different temperature (2) 900°C (b) 1100°C for 2 h after

nucleation at 760°C.
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Fig. 12. The number of crystals based on increasing
temperature and holding time.
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Fig. 13. Surface roughness parameters Ra and Rq versus the
crystal size(R, : '=0.81; R, : r*=0.76).

(b}

Coarse Low Large High
Crystal Shape | Number of crystals | Crystal size | Roughness
Fine High Small Ltow

Real & modeling .

(b)

R : i [ Y 7
R :3.74{nm)-106(mm) |

Fig. 11. Modelling of crystal conditions with various factor: (a) Surface morphology of glass-ceramics (b) State of crystal

distribution in surface.
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