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Structural Origin of Hardness and Crack Resistance in Aluminosilicate Glass

DING Zhisong, WANG Bingbing, WANG Zhentao, QIAO Ang, GU Shaoxuan, TAO Haizheng
(State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology, Wuhan 430070, China)

Abstract: Utilizing a laser-heated aerodynamic levitation melting technique, we prepared a series of aluminosilicate glasses
(xALO;3(100—x)Si0,, 30=<<x<:63, in molar fraction). The Vickers hardness (Hy) and crack resistance (Cr) of the glasses were
investigated by a micro-hardness Vicker tester. The results show that the hardness of those glasses increases gradually with the
increase of Al,Os content, and the maximum hardness is 8.94 GPa as x=63. However, the crack resistance of the glasses is nonlinear
with the change of composition, and the maximum crack resistance is 19.49 N as x=63. According to the results of structural analysis,
the increase of atomic packing density and mean-field bond energy density can be attributed to the hardness enhancement. The
reduction of the phase interface can lead to the reduction of the crack resistance, while the increase of Al,O; content in the glass can
result in an increase in the crack resistance. The synergy and competition between the phase interface reduction and Al,O; content
increase can result in a nonlinear change of crack resistance. The crack resistance does not change significantly due to the similar
structures of the glasses within the mullite phase region.
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MR A B PO e L Per LA TERE
W)z T BEUR . FL A TR U A A B B FL It
B JEET RSB o AN BIERE A T IR
BIEAC T 18], B e [ B A3 vt SR 2 A i PR SR P B
b R VP SE P (SR SNV UL CAD RN 2 N4 130
HIE W AR o AR AT HUE R ) 24 I

WeRE HE: 2021-12-01, BATHM: 2021-12-29.
FERIH : HK HARRIEREE T (52172007).
H—EE: TERA996—), T, W,
WEEE: MEME(1973—), 5, 4, #H¥.

(et 56 B B ARV 22 BOR AU %275 bk, R0, B
AT A PR K A B AR T A2 B N IV o

Br TR I BENE A s BRI, Tl e B
TR AR B I A AEDURERE ) AR 4 i R B
AR k2 Y. 200 ALOS-SIO, A R
Gz, IRANBARZIR R A Ir . St R fE

Received date: 2021-12-01. Revised date: 2021-12-29.

First author: DING Zhisong (1996-), male, Master candidate.

E-mail: dingzhisong1996@163.com

Correspondent author: TAO Haizheng (1973-), male, Ph.D., Professor.
E-mail: thz@whut.edu.cn



350 B 4 M

TSR S5 REENE TR A AN R R P I 45 © 895 -

KA ARG EE . M LB AL T8OR35 LA m P fig
BB OT RS A B A O B R P,
ALO+-SIO, REHEME 1 Frx® >, Hu] B
ALO; Tl 7%~55% (BEIR5ME0) 2 M AFAE A A
TREEIX o 1E T%~20%F1 35%~55% Al,O3 FI 51X,
VA AACKS DLRSAZ A KA LB W 20 il 2 PP LRk
ANFE WA AE 20%~35% AlLOs K843 1X, L
Spinodal HLFLZHT /i A 2 B2 50 ANIRI AR -
U, ALOs-SiO, 1 R AR HId B 75 5 3 il o A
NG 75 BRRAR R I AAT R, A RS U AT i
PR B ) 24 Pk REBE AL 2 A 16 S5 RS YR . AR
ALO3-Si0, R Mmi AN o BB e e PE A
ZECREAR T Bl B2 1R 74 H FE AR AR S T ), R A
TEH AT T (9 e ) 25 R PB4 HH R T)
TR B, B IS S B IFE ARG e BT
PPRAS FRHTHIS, RN TN
JRARS SITEA%, LRI YA B IR v 4, 4R
WAL, 15 FI5550357 B I ML S AL ) B3
Gustavo PRIl BIFH A S % T =0 ALOs-
SiO, R R B F, A2k 60A1,05-40810, 3755
[i) 2 I H AW o PR 5 RO TR SR B, s 2 by o
FEPEARLF 25 B AE—k s SR TAE I ARl A
PO ZLVE T A 1 25 R0 RS YR 265 H B A PR A AT

K H WO I S B B BRE S T R A
xAl,03-(100-x)SiO, B I o K FH 4 PG 2 1 J8 300) 3%
TEME B R PTRF RME AT T RN RAE, IR T HE)E
FNPT AR LA Bt 2 3 (1) AR A0 % 3R DA S 43 ARG B 8 ) 2F
PEREOSE M o 1% 1A A e L vl S R0 v P 2k 3
AL 3 B LA SR AL T 30T 1 L

1.1 B EN

Kl 1 4 ALOs-SiO, R GEA —Bhs Rl AH K
ALOy-Si0, R GAH BT FUERR SRR 1) JEAAH K]
Z—, ZAHEN A 1 AMEE Y 3A1,05-2810; (5K
A, Mullite)o T 1% RS MIMAHL S L, /T
NBZ T i SC B R AR A A, 7R3N s o
Ja KRR T ZRARIE XA, XL E ) 255
R SR A M ORI A A .

KT 5Ok N— B &Y, Pk
ICUERT, U AR AR i 2l SOk} B -1l S 6 e AR
BHAE RTINS, SO SUsRL A,
T Si0, By w5 ke, fEAE2 B4 T K ) 52
Pl 251 Si0, B4R, IS 3k a ks

2000 — Liquid .
) ) AlO, + Liq.
r SiO, + Lig. (1 828+10) 'C ]
1800 — 1
Mullite ss + Liq. i
L _ — ~(158710) C
£ 1600 — . m
El ;o LN Al,O; + Mullite ss
& r g . N 7
5 TR
g 1400 & Metast::_ible lmt“f]lSClblilty B
£ I ‘Spinodal \ Mullite ss
! ‘ . \ I
12007 sio, +Mullitess | ! 7
- ,‘ ' L
1oo0——+—_ o900 0dm L
Sio, 20 30 40 50 60 70 80 ALO,

Mole fraction x/%

Bl 1 ALOs-SiO, D —Jei ZAH > > RA TAERE AL B
(W R FIEL R
Fig. 1 Phase diagram® > of the Al,05~SiO, pseudo-binary
system together with the compositions (blue and red
points) investigated in this work

R I R BRA AS—88 1h HAE—REsEg IR
UE RS S B A Al sl k), RISk K%
A — SRR S A E . Th4b, A4 HIEREH, ALO;
(AT i A AR B, 3 SISk A A — BUR
fil, PIEASZIG R T ALO-SiO, REHK AN
AN UG RIAL S AR o AT SR AT A5 T 1]
AR, BRI SR A RN R 2 (8] B T R [E i 4,
EURT [ A I A B R i R e g —, — Ak
ALO; FEAE 60%~63% Al DIk, A T AFE A
ALOs-SiO, RGNS, FER] Spinodal
IIHRIX (=30, 35) litZ—A K WA ANTREE X (x=40~55)
DA % B SR A P41 R DX (x=60~63) F 35 385 245 g 1) 42 4%
P, REEER AL AU T B G R RTEL )
1.2 #H@EE&E

KB IS B BIFH AN T RINAL 00
xALO3(100—x)Si0, I BLFEFE S, FEMZ L 1.
R A AR R (20 T2, ALR.) 0l 4% JiEJEE
IREERRBUT R (3L 2 @), IR SR T S 20 min.
B AR BINBE R IE I 10% (TR BRI L5
FEK L 50 mL, =i N AW ) Bt P 2 5t £
3h, BfJERRERR T IRAWITE 500 CRike 5 h LBk
ROIGEERGH], RN SRAME SRR F
BISRA W A H A RS YLI-40T &gk
BUAE 18 MPa #ifif I Hs il B E A7 20 mm, J& 2 mm )
[ 5, FF4E 1000 CAEH ARG KSL-1200X-J 5
WSS 3 h 43 BB A — o B SR AR I SRR i O
A o PR IR I B TR R 20~25 mg (W HTSR A%
BTAEEFY I L, WA SR R,
FI OGS IE Y I AT 2RI AR T 24 i 58



« 896 CREMR £R 2741

J Chin Ceram Soc, 2022, 50(4): 894-901

2022 4F

R1 xALOy(100-x)SiO, IWIHHY B A FIKIRL FEN . HIRTEE Hy. R GRIEE p
Table 1 Nominal and analyzed composition, Vickers hardness (Hy), crack resistance (Cg), and density (p) of xAl,0;(100—x)SiO,

glasses
Nominal xAl,05-(100-x)SiO; Mole fraction/% Hy/GPa Cr/N p/(g*cmd)
AlLO; Si0,
30 30.06 69.94 7.62 11.98 2.53
35 35.10 64.90 7.65 9.05 2.56
40 39.95 60.05 7.94 7.84 2.62
45 45.03 54.97 7.99 8.35 2.66
50 50.04 49.96 8.38 9.80 2.69
55 54.92 45.08 8.55 11.22 2.71
60 60.12 39.88 8.73 19.07 2.82
61 60.98 39.02 8.82 19.37 2.83
62 62.04 37.96 8.94 19.00 2.83
63 63.09 3691 8.94 19.49 2.83
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Brown-shaded photographs indicate the cracked samples while the gray-shaded ones show the non-cracked ones. Each indentation imprint represents more than
50% of the indentations. The definition of Cg, taking the 40A1,03°60SiO, glass as an example, is shown in the inset. Cracking probability curves were obtained

by fitting the cracking probabilities using a certain Weibull function. Take the load corresponding to 50% probability of cracking as the Cr value.
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Fig. 6 Vickers indentation imprints of the 40A1,05:60Si0, aluminosilicate glass and Cy for the xAl,05:(100—x)SiO, aluminosilicate

glasses
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