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Abstract: Glass ceramic has a high mechanical strength and low sintering temperature. So, it can be
used as a thick film substrate or a high strength insulator. A series of glass ceramic samples based on
MgO-Al03-Si0s-ZrO, (MASZ) were prepared by melting at 1,600°C, roll-quenching and heat treatment at
various temperatures from 900C to 1,400C. Dependent on the heat treatment temperature used, glass
ceramics with different crystal phases were obtained. Their nucleation behavior, microstructure and
mechanical properties were investigated with differential thermal analysis (DTA), X-ray diffraction (XRD),
scanning electron microscopy (SEM), and Vicker’'s hardness testing machine. With increasing the heat
treatment temperature of MASZ samples, their hardness and toughness initially increase and then reach
the maximum points at 1,300°C, and begin to decrease at above this temperature, which is likely to be
due to the softening of glass ceramics. As the content of ZrO: in MAS glass ceramics increases from 7.0
wt.% to 13 wt.%, Vicker's hardness and fracture toughness increase from 853 Kg/mm2 to 878 Kg/mrn2

and 1.6 MPa-m"? to 2.4 MPa-m"* respectively, which seems to be related with the nucleation of elongated
phases like fiber.

Keywords: Glass ceramics, Crystallization, Heat treatment, Thick film, Vicker’s hardness, Toughness

1. ME AoulA e frEld el g Jf o] e Aol A

HEEZ @ 2ot AW HeEle A" 54

AR}t 8 (glass ceramic)® 8 24S £84 2 dWAIAF 52 2 247 dHE =21 Sl
Hold Fuete] WSS Fol At Ao  As oEdn (1] mEA A fe Az, A=
& 249 WA} 7 S8 ol wakel B AT

a. Corresponding author; myoungpyo@XKicet.re.kr A g [2.3]. Zt]olalo] & (cordierite) =

: 5] ©
Copyright ©2014 KIEEME. All rights reserved. MgO-ALOs;-Si0; (MAS)E o] Fojz ZAAR3 =
This is an Open-Access article distributed under the terms of the Creative Commons & e =
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) }"1 7 ] 74] 3'1] ’l—f?}\é Ui] IH ﬂ ) Ag o] T O]'—?—, —'EE] (ﬂ E]’O]
which permits unrestricted non-commercial use, distribution, and reproduction in any . 3 . a °
medium, provided the original work is properly cited. E 772 Zé /g— 9] 3§ }é Og - ] Bt al, Oé Jg ZO]’ 7:H T7 }’ UH nn



A7)V AAA 538 8] = A, A27d A11E pp. 712-717, 201449 11

AEgd szt Aot} [4.
71A] Foll t-ZrOs
3 A o2 T <l
AE PN AFRIE ST [5]. Michael ol
2w uHsA BAE t-Zr0; A4S A7 YA
7rOy 7} fr5o] ol Silicate glasse 243 W
of KA o AgHol gto} dst= wAlTxE 2
A= el 712 =24 A9 94
gdg Aozt a4 €t [6].
= A7k 243 HrbekA &
AAsto] wE Syl e WsE v 2 A
ZrOy F7beFol F7hghel weba 33l o] F7hshe
AL BESAY [7]. =3 Keefer 52 57% SiOs -
21% ZrOs - LixO - 17% B0z (wt2%) Al A t-ZrO-
o] AAslel mE Al WstE A8kt [8l
Sakamoto &2 t-ZrO; YAE X3t U&= A
olE ARt FElAe 7IAA FA4d dig A5 B
ket 9.

—F: ﬂfrloﬂ/\-}% MgO—Algo;g—SiOQ (MAS) _l‘?'_ﬂoﬂ
Zr0z9] H7tste] AA st fElE Axsta
A" Zr0.0 ke mE 3 A4 o

o =
& FAbetaL e wE VA SA4E B

(tetragonal phase) ¢

o
>
o

Mussler

el A9l

2. M8 w
oy 1 243 73 MgO-Al,03-Si0s-ZrO,
(MASZ)9] Az FAHAEZE HoFt, Z¢9Rq

MgO-ALO3-5i0>-ZrO; % H7HAE 7 194 B
= AW 2E FHYIE 100 g= FFsta, A4 5
mme] AZFAU ol =& AHEdhe] 24 h w< A4
dekch EAE freege EFvd =7kl
o] H7|&E o]&3ste] 1600TIA 2A7F fA3ko]
EEAR Foll A2 Sda Sl FYAA FEE

A Z 8k}

of, A

a9 2% ogA Axd ¥age] f7 2 Fis
o] g3t E3laL 100 mesh EHE E9AAH Q&
To FYELES vedt fFEREe 10 0 55
=o] ¥ 25 ton/m*e] ¢Pow AP Fo| F
<% 900TC~1400C7HA] 5C/minZ %23k 24
AgozH HE SAHAL AES AxsA

[e]
o
. frEle] AAst == DTA 249 wdvuas

i of LA ol e
offt
2

LR

713

| S10,, ALO;, MgO, Zr0O;,Na,CO;,

Starting materials :
‘ g Fe,0;, CaO, K,CO4, TiO,

‘ Dry Mixing | Ball Mill, 24h/128 rpm
|
| Melting ‘ 1600°C, 2h in box furnace
|
‘ Quenching |
|
| Milling & sieving | 100 Mesn
|
‘ Pressing | Disk mold

I
| Heat Treatment
L 2

| Characterization

| 900~1400°C, 5°C/min.

SEM, XRD, DTA
Vickers Hardness

Fig. 1. Fabrication process of MASZ glass ceramics.

Table 1. Composition of glass ceramics (wt.2).

Sample

Name MgO  ALO; Si0;  710:  NaxCOs  Fe:Os CaO0 KO3 TiO:
MASZ1 8 15.1 62.0 7.0 1.6 0.9 0.96 39 054
MASZ2 8 15.1 585 105 1.6 0.9 0.96 39 054
MASZ3 8 15.1 56.0 13.0 1.6 0.9 0.96 39 054
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Fig. 2. DTA curve of the MASZ2 glass ceramics.

3 AAE FAAT7] A e FEldoleEE W
FAY # Ao dasgk A o] A9
barrier& YHoF dth o9} ZE o] feA 3 A
Aol kol & HIFE AASHA e, olHg 3
AGAE F2 U AEHUE SAAINAY ddo] ol
UXA| barrierg @5Fv 98-S o=z o Ao
As v Fo 985 31 [12], dxA 22 ZrO,,

TiO: 5l 3
Iy 244 vERd ZAS AT ZrO,;, TiOrs 9
274 ol Ao 222 AAS 9L A2 249
4 1Q18hE Aoz Al H
3< as—quenched ¥ €7 &xof W A

(e}
<
K

ot 2 ox o
N

M

m m-Zr0, A t-Zr0, # ZrSi0,
o Mg,Al,Sis0;; v SIO,

.
_~ AN 1400°¢
= P
= | A Ao 1300°C
5 A e e
1 2rsio,
=T U SOV ) W ner A 200G
2 Mg,ALSisO1s Mg,Al,Sis04q %\nghs g
: g e g A P g \,_J i ‘A,vﬁ W,\_,’;vk, A 1192’(:
-’ |
- H
z WWwMJWW
) ]
s -2r0,
L T e
o m-ZrO, t-Zr0; m-Zr0, A
" 1 " 1 " 1 n
20 25 30 35 40

Fig. 3. XRD diffraction patterns of MASZZ2 samples

sintered at various temperatures.
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Fig. 4. Optical photographs of MASZ2 samples after heat
treatment at various temperatures.
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Fig. 5. SEM images of MASZ2 samples after heat
treatment at various temperatures, (a) 900C, (b) 1,000C,
(c) 1,1007C, (d) 1,200C, (e) 1,300, and (f) 1,400C.
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Fig. 6. Variations of Vicker's hardness of MASZ2
samples as a function of heat treating temperature.
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Fig. 7. Variations of Vicker's hardness of MASZ2
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Fig. 9. SEM images of MASZ samples after heat
treatment at 1,300C. (a) MASZI, (b) MASZ2, and (c)
MASZ3.
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Fig. 10. Variations of Vicker's hardness and fracture
toughness of MASZ samples after heat treatment at 1,30
0C. (a) MASZ1, (b) MASZ2, and (c) MASZ3.
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