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STUDIES ON THE INDUSTRIAL APPLICATION
OF SHIRASU (Report 17)

On the Crystallization of the Glass in the System
Shirasu Volcanic Glass (SVG)-Ca0O-MgO

Kinji SHIMADA, Yasuo FUKUSHIGE, Shigeto RUSU
and Michiko MUROYA

Shirasu volcanic glass (shorten as SVG) separated from the original Shirasu obtained in
southern Kyiishii has a fixed chemical composition and contains about 75 % SiO; by weight.
In this paper, SVG was assumed to be a component and the glass-forming region in the system
SVG-CaO-MgO was investigated by quenching the melts produced at 1400~1500°C into cold
water. The obtained SVG-CaO-MgO glass crystallized above 900°C. The crystal phases preci-
pitated in the heat-treated SVG-CaO-MgO glass at 1100°C for 1 h were akermanite, diopside
and forsterite.

Physical, optical, chemical and thermal properties and bending strength of the glasses
were investigated. Results are as follows: apparent density 2.67~2.76 g/cm3, bending strength
539~882 kg/cm?, hardness (D.P.H.) 613~713 kg/mm?, refractive index 1.578~1.622 % 0.003,
thermal expansion co-efficient (room temperature~700°C) 5.9~9.3 x 10-8/°C. The glasses
showed high resistance to alkaline solution, namely the mean weight loss of the glasses which
had been treated by 2N-NaOH solution at 100°C for 14 h was so small as to be 0.7 %.
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Table 1

Chemical compositions of volcanic glass in Shirasu (SVG) and
original Shirasu (wt%)

Ig. loss SiO, AlLOs Fe,0s CaO MgO Na,0 K,0 Total

Original Shirasu 4.44 72.01 13.01
SVG 0.61 75.66 13.36

159 115 0.43 4.22
0.63 1.73 0.69 4.00 3.27 99.95

3.09 99.94
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SVG-Ca0-MgO %H 5 2 & BJLEE 4 5 2 D
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HiIE 10°C/min & Uiz,

2. 2. 3 FHBBUNZ~Y ML

BN U TSR 5 2BEHe oW, BEASNT
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DEHSMK, WERBIUOWT VA Y 2RO <4
Ly 2AH5REHB U

2. 3. 3 BgESE

R 5 2 BN\ TR UBBEIRET 2 AV T,
B S 750°C 2 CORMEBERPHEL.. RERE
X 5°C/min & Uiz.

2. 3. 4 BMTHRELIUEE

BT SRR SRBIAE S A 2 AV, BRI g BB
LHERZPMAAZARMBETAREL, (1) Rit kb
BITEREE R DTz,



BHE-EE- - H5¥ B2 v 7 A0TENFABET 2% (E174H) 115

Tr=3wl/2bdd- -+ )
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a‘"b-\: :Compositional range of the glass formation
Q1O when melts are quenched from 1400 °C.

:Compositional range of the glass formation
when melts are quenched from 1500°C.

@ :Compositional range of the crystallization
when melts are quenched from 1500°C.

Fig. 1 Composition of samples of the system
SVG-CaO-MgO (wt%)
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Fig. 2 DTA curve of the SVG-CaO-MgO
glass.
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3. 2. 2 X#EHR
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side (CaO - MgO + 2Si0;) & 74 =34 b (2Ca0
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2 DEMBIT & - THHT 2 EEE0BER IR X
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H3 2 BROBRBEITHROBE & 0BG 2T, #H
Uz B BIA d=2.99A221), 75 <54 b
d=2.87A Q11), 7+ V2754 + d=2.46A (112)
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Fig. 3 X-ray diffraction patterns of glasses
heated at various temperatures from
870°C to 1250°C.

A: akermanite, D: diopside,
F: forsterite.
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Fig. 4 X-ray diffraction patterns of glasses
heated at various temperatures from
870°C to 1250°C.

A: akermanite, M: merwinite.
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Fig. 5 Change of X-ray diffraction intensity
of crystals precipitated when SVG-
Ca0O-MgO glasses are heated at vari-
ous temperatures from 850°C to 1250
°C.

O: diopside, ©: akermanite,
@: merwinite, A: forsterite.
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1z, W6ITRT & 1T, 850°C #7245 GatE
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TERITCIRBEASHFHL TL %43, 1050C BL
1250°C &SRR T3, 950cm™! ¥ & o~ 850cm™ fif
JTIC Ca-O OHFERENC & b 72 ) RSB SN B &
L iz 500cm™ AHED Si-O OEMAIFENCE b 72 S
WL A RS bV & v —FITi 5 TL 5.

X 7 121250°C TRHLEE U T MR D R 72 A #gAb 75
ZADFENFR AT bVvTHB. CaO H 54 MgO
DEEERMSETITUIZANY, 1100cm™! {FiHicBbhn
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Fig. 6 IR absorption spectra of the heat-
treated SVG-CaO-MgO glass (No. 4).

Sample No.4

1200 1000 800 600 400

Wave number (cm™)

Fig. 7 IR absorption spectra of the SVG-
Ca0O-MgO glasses.
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IKRSND & IIT, #F5 2 NIBITYHEL LTI TEREEIR
HHIPIEROFEF BT L TB Y, BREROAS
WXERDHUD A S D ITHI - T, MO ERRGDSHUR
RITHE L iz,

3.2 5 SVG-CaO-MgO%#5 2DEMEIZLS

S REE ZOEMEE

SVG-CaO-MgO %7 7 % % 900°CLL I \T iz L
e T ARG L LTERG, 7 AT
T4 NBLXUTHrVYF A N THB. K91TSVG-Ca
O-MgO a4 5 % %21100°CC 1 IS ATz L 7= & X Hr
T 2 G & 2 oA i 2 R T
MIBAMHTHERT S 2 L1325, SEEbAVIET &
v F A b EEEHCHN T A, BhiEIE, SVG 656~
9025, CaO 5~25%, MgO 10~20% ek HifH T

2 FIWAT Z4

(b)

(¢)
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Fig. 8 Optical micrographs of cross sections of the heat-treated SVG-CaO-MgO

glasses.

(a) Sample glass (No. 4) is fired at 900°C for 1 h. Hardly any crystal-

line phase is recognized.

(b) Sample glass (No. 4) is fired at 900°C for 1 h and kept at 1000°C
for 2 h. Some spherical crystals of diopside are identified in the

glass phase.

(c) Sample glass (No. 4) is fired at 900°C for 1 h and kept at 1000°C
for 3 h. Growth of diopside crystals is progressing into glass mat-

rix from the surface.

(d) Sample glass (No. 8) is fired at 900°C for 1 h and kept at 1000°C
for 3 h. Photograph shows uniformly crystallized glass.
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Table 2 Physical properties of SVG-CaO-MgO
glass.
"
10 % 90 bulk apparent apparent water
1 Alfj‘:\ 2 Silmple density density porosity absorp-
]”\ 2 (em®/g)  (em®/g) (%)~ tion(%)
20 o 80 Y, 4 2.67 2. 67 0 0
) 3 Coalll 5
& D |1 @ 8 2473 2.73 0 0
7 X / > o i 9 2.72 2.72 0 0
- 8 S 1o 15 2.76 2.76 0 0
E‘{ 5 -i 1Y F ?3 16 2:74 2.74 0 0
0Ny A\
21 A 0L 75 AU QNS 2 E R TUNS.
50 A NQE=0 3 —=—On 0% 50 3. 3. 2 Witk WEEBIOWMTILNYME
o < o % " 2.3 20)ckh SVG-Ca0-MgO Z#' 5 %
10 20 30 40 50 60 DMK, THER, MW7rn Y E2EL, ZofE2E
MgO 31T7RT. SVG-CaO-MgO Z#4 T 2 D ypRg KR

€AD :Range of Akermanite,
(DD : Range of Diopside,
(E7.: Range of Forsterite.

Fig. 9 Approximate compositional range where
described crystals precipitate when SV-
G-Ca0-MgO glasses are heated at 1100
°C for 1 h.

WS 5. T <F 4 bx SVG 50~65%,
Ca0 30~50%, MgO 5~25% D4EERICBFTHT S
BT EWbh5.

3. 3 SVG-Ca0-MgO %75 ZADMIERY, {LHAY

B AEAEHEADHIL0~0.6% 7T, MUk 2ELR
WDHIX2.6~3.2%TH Y, Zlcrvn VRT3
ERFADERIZ0. 1~1. 9% THad NS i 2R UTZ.
HIRD /A L w2 ZAH 5 2D 705 ) ik 3 HEE
WAEII27. 5% TH Y, SVG-CaO0-MgO AW 5 AT
Hilgd 5 & RE flizRUT.. SVG-CaO-MgO A
5 2D 7 v H Y L, Ca0, MgO D& Asiins
BICUTZSONE BT H Y, FrcEE} No. 16 (SVG
60%, Ca020%, MgO20%) XK, MWEEE X
7o Y EICEN TN S.

3. 3. 3 HEIRR

2.3 «3mF%kckyh SVG-CaO-MgO %4 5 %

=) DOFME L Y 750°C £ TORMRLZIEL, ZOfR
3. 3. 1 BELRKR 2H10IC7R Y. SVG-CaO-MgO AW I 2 DEME A 5

SVG-CaO-MgO FH 7 2 DEHE, REEE, %
B L OPKE2E 21ITRT. WTFhoER Y, &

700°C & TOHPFEREIT 5.9~9.3%10-8/°C TH
7.6xX10°¢/CTHh Y, v 5 AN 5 2BEO LGN
&8 4.3%1076/°CY ITHRTKREARETHS. SVG-

SALE, BkKIZ0%TH%.

2o Z EidEkpsEE CaO-MgO R4 5 2 O #WALIEE1X 690~T745°C, i

Table 3  Weight loss (wt%) of SVG-CaO-MgO glasses treated by water, N/50-H2S04
and 2N-NaOH solution at 100°C for 14h.
Sample batch compositions of glasses (wt%) treating reagent
No. SVG CaO MgO water N/50-H2S0s  2N-NaOH
4 80 10 10 0.5 3:0 1.9
8 70 20 10 0.5 3.2 0.9
9 70 10 20 0.4 2.9 0.6
15 60 30 10 0.6 3. (0l
16 60 20 20 0.0 2:6 0.1
“pyrex glass” 1.6 0.6 27.5
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Table 5 Refractive index of SVG-CaO-MgO glass.

0.60 |- Sample No. Refractive index

4 1.578+0. 003

& 050 8 1. 593+0. 003

g L 9 1. 587+0. 003

g o 15 1.622+0. 003

3 16 1.613:0. 003

2 030

2 Average value 1. 598

° 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800

Temperature (°C )

Fig. 10 Thermal expansion of SVG-CaO-
MgO glasses.

TI9CTHY, v 5275 AB 0 LEGRI{LERE 878
CY Tl U TENRE T H - Te.

3. 3. 4 BERYMEE

2.3 .40Kcky, SVG-CaO-MgO %45
2OMITBEL L UHEERPHEL, ZOEEEEK4
AT FLiTRT X SiT, SVG-CaO-Mg0 R4 5=
DEITFIREE I 539~882kg/cm?, S 661kg/cm? &
v h — AEEIX 613~713kg/mm3, iy 664kg/mm?
Thb. INSDH 52 %21000°CT 3 BEREE IS UK
GEAbxw5 &, HIFHREIL 125~202kg/cm?, 153
kg/cm? & 7Y, TEEI3407~516kg/mm?, ¥ 456
kg/mm? iIT{ET Uz, ZhidF 4 OKFAEK & FkEdr
Sbh5 k5L, ¥ ADHRILICEL, Mubhkazy
M2 b)) 92 AFSARELIZHTHS. 20k
SITH 5 R BRERILE 5 EBREMIETTA 2
ERERLY HYWEL QN B, '

Table 4

3.3 5 HFHMHE

SVG-CaO-MgO ## 5 ZDEIFHE % 2-3-5 D5
THREL, ER2RS ICRT. RSICRT L SIC, SVG
-Ca0-MgO R # 5 2 DEHHIZ 1. 578~1. 622+0. 003,
SE# 1.598 T, Ca0, MgO o&HFROBIME & biT
BHEIARE L & 5. v52 H 5 2BKOBFRIZ
1.498TY, ZhicHi~3 & SVG-Ca0-MgO R ¥4 5 2
DRFTRIIRE.

4 & &

v ARDKIN 5 2 DILEERIE, Bly 520
EHEFRONME2RLT, 13IT—E0HEKRTH DT,
TENFAORMD» S Y 5 AFDKIUK 5 X —mR5
& UTH Y, SVG-CaO-MgO 7o 1400°Cis X oF
1500°Cic BT 2B 22 U, # 5 XLEE 2R D
Tz, X5z, 1500°CHER» 5D H 5 2iTt-o4Tl1100
CTRINE 277 2T H S A & O T & A7 SRR %
#~tz. SVG-CaO-MgO R4 5 2 SHHMBIT L Y
WHTAERIIELUTEER, 74+ V25548
L7 veF 4 FTHA.

X#Edr, REES, RRB X UEEEESEIC X
AEEp B SVG-CaO-MgO R ¥ 7 2 OfEHREbIZK
900°C » 5% Z & 2 STz,

Bending strength of original SVG-CaO-MgO glass and crystallized SVG-CaO-MgO glass.*

Original glass

Crystallized glass

No.8 No.9 No6 AV No.g  No.9 No.i6 Averase
Aoparent o) 0 0 0 0 424 143 622 3.9
;ﬁ?fption %) 0 0 0 0 1.51 0.50 2.22 1.41
Bending  g/emt) 882 562 539 661 133 202 125 153
D.P.H.  (kg/m?) 666 613 713 664 446 516 407 456

* Heat treatment : 1000C, 3h
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SVG-CaO-MgO % H 5 ZADEEIL 2.67~2.768 / 3) WHEESE, PEY, BroR— BREBERIZER
cmd, HIFEREE L 539~882kg/cm?, t y b — 2 B, No. 19, 89 (1972).
i elinﬁfmmﬂ ﬁk%ﬁﬁg{;ﬁbis 919 3xf-§ 4 AN, SVH-LEa =, 19, 09) 1 A975).
» RUBERPRELS 9,99, 5) BT, €7 3vs 3, 6 899 (1971).
C(ZB» 5 700C), EFHEIZ 1. 578~1.622:0. 003 6) W, [WEIR], 186 (1970).
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