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Development of High Strength Glass-Ceramics
Using Industrial Wastes
Kiyohiko IKEDA, Hiroyuki KINOSHITA, Ryusuke KAWAMURA, Kosuke NAGATOMO,
Akira YOSHIKAWA and Akira HIRATSUKA

Increasing accumulation of inorganic waste has been becoming one of the most serious problems from the point of
environmental loading. As the useful mean to solve the problem the development of the recycle technique has been
required. Especially the production of the new material by mixing together more than two kinds of raw materials is
more useful method. However, a number of trials are required in this method. It is available to make clear the target of
production first. In this study, the targets of the production are the glass ceramics with the prismatic crystals of an
Anorthite, Wollastonite, and Gehelenite, and inorganic wastes as fly ash, cencrete sludge, and glass cullet are selected
as construction materials. Some batches were prepared by mixing these inorganic wastes in the weight ratios
determined on the basis of a phase equilibrium diagram of Ca0-Al,03-Si0, to get the desired materials. Glass samples
were produced by melting the batches at 1400°C. From these batch compositions, the amorphous glasses were
produced. They were reheated in the region of crystallization temperatures to make them transform into glass ceramic.
The properties of the obtained glass ceramics were examined by XRD analysis, SEM observations, and strength tests
by four point bending. The XRD analysis and SEM observations showed that the crystallized phase of the produced
glass ceramic samples were identified as Anorthite, .Wollastonite, and Gehelenite, respectively. The strength test
showed that any glass ceramics have the high strength of 80 to 90 MPa, and can be applied for various facets of the

construction materials.
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Fig.2 Chemical compositions corresponding to position A in
phase equilibrium diagram of CaO-AIZOB-SiO2 system

Table 2 Principal chemical compositions of the wastes (wt. %)

T B, 92Tk AD-ADWOWDGDGRL R | Chemial Fly ash Concrt Glass cullet
Rz kLT 5.
Si0, 64 28 83
Table 1 Chemical compositions of the wastes (wt. %) ALOs 28 o 3
Ca0 8 63 14
Fly ash Ccs’ﬂl‘g:: Glass cullet Table 3 Mixing ratios of the waste for samples (wt. %)
SiO, 50.3 19.0 557
Fly ash Concrete Glass
ALO, 21.6 6.37 1.84 sludge cullet
Ca0 6.36 43.6 9.97 @ 69.3 16.3 144
Fe, 0 4.40 1.54 0.253 A ® 62.4 1.1 265
P,0s 1.57 0.116 0.0139 e
60.7 33.6 57
TiO, 1.54 0.282 0.0554
SO, 1.04 1.51 0.0405 w @ 237 36.7 39.7
KO 0913 0.306 1.08 ® 31.7 522 16.1
MgO 0.587 1.61 0.250
g @ 319 66.8 13
Na,O 0.192 0.179 8.39 G
c 9.80 253 23 @ 18.0 68.0 14.0
Others 1.698 0.187 0.1072

C : Balance ingredient
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Fig.3 An example of DTA curve in sample in Table 3

Table 4 Crystallization temperatures in the studied composition

AD 1020°C
A® 980°C
AB® 980°C
wO 1020°C
W@ 980°C
GO 980°C
G® 990°C
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Fig.5 XRD analysis of the studied glass-ceramics
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Fig.7 Fracture stress in the studied glass-ceramics



214

W, kZF. s BR SN, PR EXRESEFRLZSRESIALT I v I AOHRE

BEABALLZIENEZLND. T2bL, #E LIEM
BE2TAIFTEOFICAN, BETERL, @ELTH
2B ABIZE < ORENFEEL, THNHEREL
BOSEAERELL. I TREMEL L CERLEY
S ZAEMPBHRLENEZEBICANTINET S TEZE
ALGERBRETRAETIREEZHEBLZZEICED, K
ORI L ATEIS D OERT T bR/ D TRV E
EZL, LIEB-T, BMROFEZINBEONTHTT X
53y A, WThOBEBEIZBNTHRSERE
ThHEHETHIENTES. B, 7T/ ¥4+ AQ
WOWTIHEMBENEZEEICELZL2I L, B
L% SEM BETRT L) KERSHKOBICRILAE
Uzt nMERRECETLELDEEZLND.
Fio, V4T AMFA b WOIRBE L TEERT (1000°CEL
L) TR A B A RENET TESF S ORI M
LA TE P HITRBRET O B TERM T

3. 4 SEMIZLAREHE

Fig.9 1%, Bepk U7 &R ER i OREHE & (R (F R (100 %) & &fF
RA4000f5) TCSEMBIEZ L b D Th D, EERIZLIE
BTEHRPIEBRETIIILOFT L BBOBEYE, AfEE
WEP2BETERBELZFMT AL LNTE S EFERIC
EABENSL, ADMIZ>WVWTIL, RBA TRE LKL
BRTE BWHEISHEZRLEZOIE IO RMARER
EEZLNAS. —H, MOBRBAE TIXEILL /DS BERF O
BELIVICLVRELEBICR->TRY, 2 L0 INE
KO ELEWVEEEABEORELDEEZOND. F
EEBRCLDPBRICLY. T ) —YA TR, FRAEOH
HHEROBRESVERTE, U+ T A M4 b, F—1LF
A P TCIHEROBRINE L > THHLTWS Z L BHERT
E7m. I b O H Lm &L, XRD #S&EE ook R
EELKFIELTEY, T/ —HA N TFTA AL PRD
=L F A POBFEBRERLTWAEZ LD, BRELEAE
RO ORERBEEEFET DI LN TET .

4. % W
FEEREEYOFIRNBONLE NS, 7I9AT va, =
YIV—= R AT Y, HFTAA LY FLT S —HA |,
AT ARFA N, BIOY—LFA b OFEEEEL
HIACTI v 7 ARERT A 2B E LT3IRTFE
EREER 2 b L ICEMEI OB A2 RE L. FERAHE
ETHF Uiz v IR ERmEC L%, BOEHC LY
HEL-ERIGEEE TEMA L TERLAEITRAET I
v 7 AZOWT, XRD W2 L 3 S g EAE T 0 S i T Bk
SO FOMME O SEMBEE{Tom & 2 A, ROBRNE
LTz,

(1) AFEICL2RAB L UBEREFREREICLYD,
TI)=HA NTATAMFA FBIOF—VLFA FDE
REREATANTAET I v AEERTE D Z &b
-7,

(2) WTHILORREATINIZAET Iy 7 2 HlliTH

180pm

Fig.9 SEM observations of samples for the
studied glass-ceramics
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