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Glass-ceramics for construction materials synthesized from municipal incinerator residue

Minoru TANAKA, Shigeru SUZUKI, Toshitada IMAI and Takumi KANEKO

Abstract Increasing the accumulation of municipal incinerator residue (hereafter called MIR) has become a serious social

problem in view of environmental loading, and its reuse or recycling as a starting material for ceramics products is urgently

required.  Since the glass-ceramics of the Ca0-ALO,-SiO, system have been considered as be promising for use as construction

materials, the preparation technique of this glass-ceramics from MIR have been investigated by the bulk crystallization method.

Glass batches were prepared by mixing the various mass ratios in order to get the composition; MIR: SiO,: CaCO;: FeS:

Na,S0, = 100: 10-30: 10-30: 3-5: 0-5. Glass samples were produced by melting the batches at 1450°C, and were reheated at

800°C for 1h. Further, the glasses were reheated at 1100°C for 2 h, to transform them into glass-ceramics. The results of

video microscope photographs, SEM photographs and powder XRD patterns of the obtained glass-ceramics showed the

homogeneous precipitations of the prismatic crystals (about 0.5X%2 1 m) of Anorthite and Wollastonite by the bulk crystallization,

accompanied by a small quantity of Gehlenite and/or Nepheline.
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o= X FEHIK (LL#%, MIR: Municipal Incinerator
Residue) 1%, W& LTI I ZRATL2&IZ, £ OFk&
E L CEWNTERKP 500 7 #EH s Tn5, MIR ©
BHIL, TOZ IO TS INTWEN, ITFEE X
hearZ7U—FrY OFHOEMAT 7L LTEAEM
W—HABFAE TS 2, L LIEKT S MIR DL
P LRAN 72 BREE AW O, e AR RELE & Bz 2 BE IR
{EEMT OB AT DR T 7z 67w,

MIR 1%, I IBERT T FDOIRNN I — DK & i,
Wigkt%, ofk L7z DT, FifRI% 0.5mm LL FCTh 5, MIR
i, I OFEHHIRCEEIC L W B D03, Si0,, AlO,,

CaO ICEATALFHM CTH DIz, HT ADFEE LT
@%lJ)ﬂﬁkﬁfﬁbT“%éo

fEe b T A%, AT ZHIT 0.1~20 u m DFEREE A2
Frif L7z b o T, RS £ 2 xR RiRE b TERIT X
%Y RRRERGIZ L0 H T R SRICHE S OHTH L 72 5
b7 7 2%, ®WEBAIEEE S L FEmAEEZ S 2 Y,
¥72, 7/ —H%A F(Ca0AL0,2Si0)R 7 +F A FFA

FUOMBEAT v —7 D MBRIKWE P IER AT
BUERR L) ** A Bkt

Ca0-AL04Si0,, Inorganic waste,

(Ca0Si0,) DFEIRAFE b AT H Sk b 7 2%, #EHf
Wil L7 BME b o TR Y, BMAKRMET 7 29 0nb
NT0D, ZNHDOMEHIBE L TIEE < OFE "R H 1,
MIR @ £ 5 2 REDEMKRFEFTW Z R A3 5720121
M AERIET T AL LTOBRBENLEEND 2,

FxlE, W Ca0-AL0,-Si0, RO MM RFEEY I L O
KRG ZFIE L A sV 7 A2 El+ 57
DOFM B L S0, F T AMAL & TSR ORR,
BEBERIR GRIEN DL L =T F ANy F) WO R & &
RS EEOBBRERFI L Tz, 25 LeifgEE b &I
MIR % F\ 7= Ca0-AlL0,-Si0, &M s Sk 7 X DB
FHEIT>T-DTIRG,
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2.1 ASRBEHEHEAEGNNYF
JEUEHT I, Table 11233k 540k 0> MIRGES PN i% 4 T4

FOREEMNZMRIBIZEOI—R L E2H5ATEY,
W ICBWIETFHRZ 2 VEETICEEN TV D

PoyxEITL, @RKkEHT5, 22T, ZOBELE S
%7201 MIR % &5 1, 800°C T 2 FFH VLI 21T -

72o T OME% O AR D Table 1(Fig.l @ B DITR
L7, Z® MIR H ® Si0,, Al,O,, CaO DA #f fiL 70mass%
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Bz TWB, £, T AERICEE LYY B (Si0,), £
JK A (CaCO,) % Ca0-Al0,-Si0, % H T A D EBRY 4y D i
I L LT, & BICHEEFeS), EkIFE 5 i(Na,S0,) % k%
AR E LTHWT, 100 FIEO Ny F 2 LT,
FEB Sy FHEE Fig.l OfENT 2 1257312,

Table 1. Chemical Compositions of MIR.

MIR MIR (baked)
/mass%

37.6

Composition

Sio,
Al,0,
CaO
Fe,0,;
Na,O
K,0
MgO
TiO,
MnO
P,0g
ZnO
CuO

S

c
Others

AWNOO=00==WNN=W®
R = K -}
ON®O=ON=NOOOO:" *
0o
AONOO=00==ANN=
B I N
ONO=ON=NOUOON" *
A=

MIR(baked): MIR is reheated at 800°C.

B0
/ mass%

Alz O3

Fig.1. Phase equilibrium diagram
of Ca0-Al,0,-Si0, system!?’.
: MIR. 2: Experimental glasses of all. 3: Glasses in Table 2.

2 AZARUERILA S RAERE X
A LT-# 250g DX F DN 30g & ST-F&E T3
LR (95% AlOs, 130mDIC AL, v U =2=v MMEHT
10K/min T 1400°C & THIE#, 1K 40 53 TNy T %
BALRZ, Z0% 1450°C, 2 FRELREF, @R Z SR LIC
PR LR L72(CL R, AT Z ), FFOUE A 7 A % 10K/min
FIR L, 700~900CT 30 4r~2 KpfHELEA L, 900~
1200°C T 1~4 BEMBVLEE L, ST 7 A& ER L7,
2.3 BERUKERRETE

v 4 ~A 7 uAa—7 (VMS: Keyence, VMS8000) %,
L3, BN T AROPRERIT T 22 mE, fafboREE,
R, ZEROF AP~ T, S O, EAE T M (SEM:
Hitachi, S-2400) Z W\ THEdH DOTIR, K& S 2BE LT,

ik b OO [FE 1, By AR X A1 47 3£ & (XRD: Jeol, JDX-3530,
and/or Rigaku, Rint2100 Ultima) % A C, CuKa X # T
TE Lo, BUBHIRIR 10um BL N OFESE T 7 2 & LTz,
#ESLFHIZ, ICDD(International Center for Diffraction Data,

Newtown Square, PA) T — K& OBAEIT- 7=,
2.4 PERE

ARG HTIL, mAEB TS (DTA: Mac Science,
TG-DTA2000) % HWVTIT > 72, 1.0mm FREEDORRIF Y Z
Z#) 50mg % 10K/min T 1300°C £ CTHE L 7=,

EZ BRI E (X, BRI E B 53 AT 25 1 (TMA: Mac
Science, TD-5010, and/or Rigaku, TMA 8310)% H\ T,
AT AR L ORI 7 2 OBWERBREEZ 72, 56
X 20mm O M FREEHT 20g OFRFEZ 2, 10K/min T
1000°C & THIRE L7z, BMEEGRE o 1X, 40~400CE TD
MBI IRR S & LTz,

SR EERRBR T, BABR U7 JIS R 1601 (2 HEHL L, 4 X 3 X 60mm
DOFEE, 7o 2~y FAE— K 0.5mm/min, {7 E A
R BEHE 10mm, T &5 3RFBEAE 30mm T, SFResERigic &
V) DU R Al TR A 1T o T,

EEEREBRE, T—AWEGICLVIBEA BN E A Y
E R0 B DEEMEGLY) & Ll 51T - 72,

MHEAPERER 1, 10x10x5mm D kL%, 1vol%-H,SO, K
Y&k 50ml, 90°C, 24 FERAWLEE%, HALHEFE(lem?)dH 7z b
OF &\ BE(mg) & B~ 7,

WK ZRAE VL, JIS R 2205 IZHE#L L THT - 7=,

3. # B
3.1 S RDEHE

Table 2 IZJREIDOFREAALEITH & T T 2 DAbF AL HE
FZRT, 24D OMEHIFEN T 50 O T 7 2 & 4F
WL, I i3I N biaREoBWEREDO T T A ThH
ST, ZORAGMERERICBWT, VU b OES KT
DT LZEOHTADRIBENEL 7227228, Si0, 2% 44
BEWEBZ D E, T ARIRS SR & 7o o TRIBMES
U< NEEC 72 5 7=, CaCO, DEHNIEH T 2 DIRFIEIC %
5350, BREIEIMEA 7 AR ToROEEE L LT,
Fig. 1 ® Ca0-A1,0,-Si0, itk rEX L noH7 A0

- -
-, —

Table 2. Batch Compositions and Chemical Compositions

of Glasses.

(G D]

Composition Batch/ mass ratio

MIR 100
sio, 10~30
CaCO, 10~30
FeS 3~5
Na, SO, 0~5

(&3]

Composition Glass /mass%

Sio, 38. 2—43. 9
Al,0, 13.0~16.4
ca0d 21.7~24.8
Fe,O, 7.0~7.3
KB T A0S
MZ0 1.5~1.9
Tio, 0.2~0.3
MnO 0.1

P,0g 1.0~1.3
Zno 0.7~0.9
cuo 0.1

s 2.1~3.0
Others 0.4~0.5
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3.2 #RIEASREH

Table 2 (Z7R U723 _COFAMKEE D D ¥ — 2k
AT L7 i b 7 A 2 E3 5 Z L N T &7z, Table
3ITIIRFEM T T ADFEME B O 1 2% RT,

Table 3. Chemical Composition of Representative Glass.

Composition Glass /mass%

Sio, 38. 2
Al1,04 16.4
CaO 21.7
Fe,0; 7.2
Na,O0 4.0
K,0 1.5
Mg0 1.9
Tio, 0.3
MnO 0.1
P,0g 1.3
Zno 0.9
CuO 0.1
S 3.0
Others 3.4

Fig.2()IZ, #Effb A 7 A0 VMS BB 42 7R~7, 22600
I T T ANERD DA — I/ H L7z, CaCO,, FeS
R Na,SO, Z WFIWHRIM L7235 B 1T =B FAE L, AR
Dl T T AREDNHWEASD > TRESDZHTH L
AL Ip oz,

Fig.2(2) 1%, #&sfbH T 2 OWEWHE © SEM 5 H 27~
£ 05um, £ 2um ORMESRD T 7 A2EKITHH L
7o L2, ZOH T AP BEOZER &R TN
BURAE S R Bz,

Fig.2. Photographs of VMS and SEM.
(1) VMS photograph of the glass-ceramics, (2) SEM

photographs of the glass-ceramics. The arrows(—) are

crystallite. The batch composition is given in Table 3.

Fig.2()D#E AL A F 2D XRD HIEHE R, TR,
7/ —% A F(Ca0AL0,2Si0,, Triclinic), 7+ 7 A hF A
k (Ca0Si0,, Triclinic), % — L F A k (2Ca0AL0,Si0,,
Tetragonal) T&H v, F7= 7 = U »(Na,0AL0,2Si0,,
Hexagona) 3 O F 225 Z & B30 o T,

3.3 BBmMEH

Table 3 DML DT T A DRAEBSHTORER, HTAD
A L OREB Y — 7B, 910C(¥—7 1, fE+80K),
1008°C('— 7 2, IEE50K)CToH -7, ©—7 1 ORET
4T A PFA RS =LA SR L, BE—2 2
DOIRETIXT 7 —% A4 bBHH Lz,
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Table 4 1%, WL O OEULE A L= T A DIREE R
I, FEEREIEEE A 900°C Tk s bIZE U o tz, 71—
LA b OfEEIE 1000CTHIH L, H T AFIZ%< 0%E
BRISFEA LTz, BEIBRRIEEE 2 700°C, 900°C T, HidbfbiE
FEDS 1100°CEL Eoo & Rl S5k Lz, fEREE R
A 800°C THESLIEE A 1100°CLL s, #— 1L
F A FOFEROFTHIMEIZ, T —H A " v T A
R A N ORERBH T AN SHTH LT,

Table 4. Effects of Heat Treatments.

Nucleation Temp. /°C (1hr)
700 800 900
Crystallization 900 x x x
Temp. 1000 [} O O
/°C (2hr) 1100 A o A
1200 A (@] A

The batch composition is given in Table 3.
O: The prismatic crystals were homogeneously precipitated
by the bulk crystallization in glass, A: Crystallized from

surface of glass, [I: The void in glass, X: Glass.

T DOREEIETERIRE 800°C T O BALEREE (30 4y ~2 B
DB A FT 7=, B 30 4 TILHS % (FeS
T R E 0 EA) DR AT ANERIZ TR L e o
Too EDTDFERMB AT 7 AR BFA LTz, AR
N 1~2 B OB, FERIFS T LS, AR
{6477 21% 1100°C ThEdb L FER 2 BRI 2L E T b,
3.4 HHMEER

Table 3 DALZFEME DR T T A e O st T 2 DO ERE
EHEOKE, K YT 2 FH T ZAEB A 660°C, JEIRA
7B0CThole, —J, fdlb VT AIXMEELH Y
1000°C & CHEte = & 22 < O 7=, BIEREIZZE
Zh 83X107K! L 89X 107K Th v W I A - 7=,

Table 5 21T, TREERER, #8ERER, mEEMERRL
D OWRK R EORE R % KRG L IR L CORT, £ DOREE,

Table 5. Properties of the Glass-Ceramics

and Natural Stones.

Glass— Granite Marble
ceramics
Specific 2.8 2.7 2.7
Gravity
Bending 48~60 15 11~17
Strength /MPa
Mohs Hardness 6 5~6 3~5
Acid
Resistance* 12~16 4~6 31
/mg/cm?
Water 0 0.35 0.30
Absorption

* Weight-loss, 1%-H,S0,aq, 50ml1,90°C, 24hr.

The batch composition is given in Table 3.
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T IR AN KR D 3~5 (FREE & <
<, WMAKRKRIZ¥rTH o7,
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Table 112 513 & 912 MIR & Si0,, ALO,, CaO @
BEEIENEL, %L D Fe,0,, PEOT AL &R
k¥ (T 2@ 2E&ATND, EBICAT—R &g
DONKHTHD, L, T/ VA MERREEED
fhid{b 7 7 2 & MIR O & THER S 5121E Si0, 72 4 T A
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Frif LT L& 5 o, BERR o8 = sy o £35b
DThHHEZEZLND,

MIR MW7 / —%A R EOfEE b T X DR
TUE, BEEEMIC A R TH T A DL FEE O TE B SLET
DT ENH LN T,

4.2 ERAMNEHMEZI OEBEMBAKRIEASR

fEa b 7 2 OAERUZIT@E & 0 Si0, & CaCO, DR,
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7t b T T A EERT D720 DOFMEOD L DT
Table 2 HDOH T ADILFMKEIHICT D2 &8, BT A
DO, R EZEICE T LETH D,

Lo, (L2221 © 722 < Table 4 O X 9 1B R &
WA LIREOMAGOE L EETH Y, FERKRILEEZ
3 IE S AR IR AR GRS 800°C, FEdh{LIEE 1100°C
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MmO RIA E LB &, FEHE R LSz A
U %, FeS J / ffAricis VT, i (AL RIE L
FER MY TRV e, N7 Rm» o RG2S AE T,
MEDOE L BWERIET T AL 2otz £, F—LF
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ZERHLNTR ST,

S5, EAMABREA LD ETo®EDM IS, K
elbic L v~ 7 /= A P EERERESZ T
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T P 14 b PRI B
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800°C1 WffH, 1100°C2 WEfEVLEE L, FEdEZEICE T
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