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Project Entrusted by NEW ENERGY AND INDUSTRIAL TECHNOLOGY
DEVELOPMENT ORGANIZATION (NEDO)

“ Development for an Advanced Application System for Glass Waste
with COz Emission Reduction ”

*Summary ( term: April 1, 1999 to March 31, 2000)

A. Research and development of the supply system for recycled glass waste with LCA
design

(D Receiving procedure for glass waste

* A receiving procedure for glass waste has been clearly established for thorough
control of the quality of incoming raw materials, so that the supply system for recycled
glass meets LCA requirements.

@ Quality control of raw materials and products

* Compositional analysis and microanalysis are considered important in recycling
waste glass. Therefore, these analyses were conducted on imported bottles and glass
used in liquid crystal products.

* It was confirmed that the color blended to meet color requirements of users of
recycled materials can be measured by using a color difference analyzer.

* A portable fluorescent X-ray spectrograph has been set up for quickly analyzing the
composition of various waste glasses by preparing a calibration curve using a standard
glass composition.

@ Study on optimization of operating conditions to obtain the required product
particle sizes

* A study was conducted to determine the effect of changing revolutional speed of the
pulverizer on product particle size and production volume.

@ Study on application development

* Particle shape of crystal fine and crystal powder were analyzed.

* Waste glass was sintered with clay and subjected to an elution test. It was
confirmed that porcelain tiles with highly densified state did not elute heavy metals.

* A bead formation test was made on crystal powder and formation of beads was
confirmed. Particle size was measured.

* A multi-purpose electric furnace was procured to study the possibility of using

various crystal products for art and craft materials.

B-1 Research and development on synthesis of pottery stone

-10-



* Scaled-up synthesis of 100 kg of pottery stone material was attempted by blending G
powder and aluminum hydroxide followed by calcining at 1100°C. It was confirmed
that the same quality of material can be obtained under scaled-up conditions as that
obtained previously on a smaller scale.

* The synthesized pottery stone material was formulated with clay to observe its
vitrification behavior. The densification temperature and thermal expansion of the
resultant material were found to be nearly equal to those of natural pottery stone, but
no improvement in deformation resistance was observed.

* To study the applicability of the material for products of complex shape, such as
sanitary ware and tableware, molding characteristics were tested by casting and by
turning on a potter’s wheel. It was confirmed that up to 30% of the synthetic pottery
stone could be added to the pottery mix (corresponding to 21% glass content) and still
maintain similar molding characteristics as conventional material. On the other hand,
only up to 10% of the crystal fine could be added.

* Trial prototypes were a coffee cup and saucer, a teacup, and an ashtray.

B-2 Research and development concerning the use of glass waste for hydro-thermally
solidified materials

* The hydrothermal solidification behavior of crystal powder (150 u m) was studied
and found to be better than G powder and crystal fine.

* As a weathering test, an outdoor exposure study was conducted on a G powder-slaked
lime-gypsum system. Efflorescence was not observed in summer, but as temperature
decreased, elution of the sodium components in the glass occurred, resulting in
efflorescence due to deposition of sodium carbonate.

* To prevent efflorescence, the system was given a water-proofing treatment. In
winter, suppression of efflorescence was observed one month after exposure, but
delamination of the surface treatment layer occurred after two months.

* As a method of avoiding reaction of the glass component, a trial prototype was
prepared by 10% addition of crystal fine, which has larger particles than G powder.

An exposure study of the resultant material showed no efflorescence or other problems.

B-3 Research and development concerning production of eco-glass block
Eco-glass block prototypes were made and optimum production conditions determined

as listed below.
* The best cullet is produced from brown bottles.

-11-



* The recommended proportion of brown bottle cullet is roughly 60%.

* To improve press moldability by means of reducing the viscosity of the fused glass, a
small amount of boric acid must be added to a supplementary batch to keep the pH of
the batch sufficiently alkaline. Further, the supplementary batch must treated with an
oxidizing agent so that the color of the eco-glass block becomes light.

B-4 Research and development of an environmentally friendly system wusing
multi-functional hybrid material

Processes for commercial production of lightweight tile and porous permeability block
were developed, and product quality and performance evaluated. The following are
results this study.

* Raw material formulations and production processes have been optimized.
Production processes and production equipment specifications have been established.

* Trial prototypes which meet targeted physical properties and performance have been
successfully made.

* Prototype performance under actual conditions of use has been confirmed.

* The production process system was evaluated by LCA and quantitatively measured to

determine reduction of LC-COz2 and other elements.

-12-
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BOEZMHAAZE L TEERLEGOBERNENEUNTHEST S LEEM
ELT, BEAERICLKDIAEBEDONSYXIRUVBERELERDE EZDARMR
DELEDHEBERDI-, B F£2 224 EVVREILI7A VDBEAEHERZ.
F2 2-1THEIVVRALI7A U OBEREEL FREOBOHEEERLIZE
DTHD,
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i

F2 249 )RANT A UBEIERR

1. BIE A&
D200ml E—=HIZVYRZILIT7A U EBE 20mm FEEICHED & S ITEREL.
E—hEMBEHDAENY FEEMIETHEETo .
@Oy b No. 990810 DY > FILZBEELEEOZLERETEDH, HEE0.00 & L
<Ay b No. JBIHH > FILDBIEZEFTo =0

2. BERERE

— -

Ay b No. 990608 | 990621 | 990708 | 990722 | 990810 | 990824 | 990907
BIEMED | 1.49 1.85 1.34 0. 31 0.00 1.77 1.22
mE=AE | AIEE®D | 0.87 2.44 1.23 0.73 0.00 1.55 0.83
TiE 1.18 2.15 1.29 0.52 0.00 1.66 1.03
= ZDith
oy b No. 990927 | 991007 | 991025 | 991111 | 991119 | 991207 | 991216
AIEED | 1.56 1.33 1.62 1.40 1.37 2.19 1.74
®E=AE | BIEE® | 1.03 0.98 1.73 1.72 0.95 2.26 2.16
THiE 1.30 1.16 1.68 1.56 1.16 2.23 1.95
=) ZDfth
1 1 1 1 1 1 ! ! 1 : : ! !
I
B e i Rl e e e Rt Rl e ]
s e e S G M—
"7ﬁ\"'T""F'"1""T""T""T'"T""T""T"'1"'73“<CT """""
| | | | | | ' ' 1
___________________________________________ R Y AN S
1
A

—+A— -+ —+—

T T T

990722

90007 991007
90824 990027
FUNNo.

Q1111

991207

01025  W1119 991216
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990608 990621 990708 990722 990810 990824 990907

D) AIVT 74y
VAR
990927 991007 991025 991111 991119 9911207 991216
IV AANT 74
Vi
£2 2—1 JURBNLIT 74 o DBEREEL BREOBDOERE
1. 2 (bR

REASRAERE D EITRERDERZITL. RK—2 TILENL X ROTHDOHK
BEZRETL. CHhITE>TREERASRALERS ZERREICOTTE 214G £
JLf, REREFIR F2 2-50V—FHRASAHRZERN R-1. NBS621,
R1103) ZE#EL LTHMLIzE 52 2—6 (BI~Bll) OFEELHSRDEHN
XBRAZREASRMER. RUK F£2 2-T10OFEBHSOEXSIHERED &I2E
BLTWLA,

® H2 2-5 V—FERASANRZERN (BLIL: mass%)

R-1 NBS621 R1103
Si0; 12.23 7.1 70.9
Al,0; 1.75 2.76 1.93
Ti0, 0.032 0.014 0.314
Cal 6.72 10.7 11.3
NgO 4.01 0.27 1.4
Na,0 13.79 12.74 12.4
K20 0.84 2.01 0.81
As,03 0.067 0.03
S03 0.2 0.13 0.49
P05 0.016
Cl 0.03
Sr0 0.015
Bal 0.12
Zr0, 0.007 0.029
Zn0 0.018
Fes0; 0.082 0.04 0.087
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R HF2 2-6 HEAXKRBREANSAERDITER (BN : mass%)
B1 B2 B3 B5 B7 B8 B9 B10 | BI11 P1 P2
=E |REFE |(%F |%F | & = L2 % wne |RE | RE
Si0; 71.7 |65.8 [72.9 [72.9 |72.5 |70.4 |71.1 ]69.9 |72.6 [49 61.7
Al,0; [1.81 |6.88 |[1.86 [1.88 |2.03 |1.80 |2.38 |3.34 |1.55 |- 0.2
Ti0, 0.05 [0.11 |0.02 |0.02 |0.02 [0.08 [0.08 |0.15 |0.04 |- -
Ca0 10.3 |7.61 |[11.1 |11.1 [11.0 |10.3 |10.0 |8.95 |8.54 |- 3.3
NMg0 2.15 [0.42 ]0.14 |0.15 |0.19 |2.50 [1.11 |1.70 [3.96 |- -
Na,0 12.9 16,3 [12.7 |12.7 |12.8 |13.00 |13.6 |12.8 [12.5 |3 10. 6
K20 0.71 [2.86 |0.91 |0.94 |1.16 |0.88 |1.14 [1.08 |0.53 |7 2.6
As,0; <0. 01 0.04 0.8
Sb,05 0.2
S0; 0.13 |0.03 |0.26 |0.24 [0.14 ]0.01 |0.1 0.08 |0.16
P205 0.01 [0.02 |0.02 ]0.02 [0.01 |0.02 [0.01 |0.01 |0.01
Cl 0.02 [0.04 ]0.02 |0.01 0.01 ]0.01 |0.01 |0.01
Sr0 0.02 [0.01 |0.01 |0.01 |0.01 |0.01 |0.02 [0.25 |0.01
Ba0 0.16 |0.08 |1.16 |0.07 0.1
Pb0 40 20. 1
Zr0, 0.01 {0.01 (0.01 |0.01 |0.01 |{0.01 [0.01 [0.04 |0.01
Mn0 0.2
Zn0 0.03 |0.04 0. 04 0.15 |0.03
Sn0, 0.4
Fes0; |0.16 [0.92 ]0.04 |[0.04 |0.14 |0.72 |0.34 |0.42 |0.06 0.04
x® F£2 2-1 BEERIOEXDHIER (B - massh)
BEBERS | Bl BS B7 B9
Cr04 0. 004 <0. 001 0.293 0. 160
Mn0, 0. 009 0. 003 0. 162 0. 009
Feq0; 0.152 0. 031 0.155 0.319
Co0 0.042 <0. 001 0. 002 0. 001
NiO <0. 001 <0. 001 0.010 <0. 001
Cu0 0. 001 <0. 001 0.011 0. 006
1. 3 ASRAWENH
ERREASATDEEREFELVVARGLI7FA VRUVEREHGRZHRDLET
SZEEICAEMICE TS AHIIEL DHEBEIEET 7= .Cd.Pb.Cr. As Hg.
Se @ 6 A= DWTH 3 BERBI-LPEHEMMTERIEL =,
1. 4 ERHR

EEREASADBTMKEBEZEM LR T HEEHIT, TOEBDPEEEMH DI

BANEIZELTOWES LD EHRT H5—D2DFRELT. JVRZILI 740D
F v T%& 100°Ch Sz 1150°CET 50°CODREZ LITRBREICH (TS ARIKE
ERER LIz, 2 2-2~AREBERTSADBMREZRLIZLDTH S,
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GMM-SY1-SN GMM-SY2-SN GMM-SY3-SN  GMM-GK1-GK
W-Ampoule BR-Ampoule  W-Vial ‘W-Ampoule

750C

800°C

850C

900°C

950C

1000°C

GMV-TO1-TO GMV-TO1-TO GMV-TO2-TO GMV-TO3-TO GMV-HO1-HO GMV-HE1-HO GMV-HG1-HO GMV-HG1-HO GMV-HG2-HO GMV-HG1-HO
Pure Film ASR PSR Pure Bst R-Pure R-Blind F-Pure R-mix

750C

800C

850°C

900°C

950°C

1000°C

%2 2-2 EBRMEEITE THRERES S ADBERINE
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GMB-X GMB-X GMB-X GML-I1Z2-SE  GML-IZ3-SA GML-I1Z4-SA GML-1Z5-SH GML-NC1-HT GMV-HO1-HO  GMF-NK1
990421 990304 990222 STN STN STN STN TFT Pure non Pb

750°C

800°C

850°C

900°C

950°C

1000°C

GMF-NK1 GMF-SY3-MA GMF-SY1-MA GMF-SY2-MA GME-ID1 GME-ID2 GME-NC1 GME-NC2
non Pb non Pb non Pb con. Pb BraunPanel BraunFunnel

750C

800C

850°C

900C

950°C

1000C

F2 23 R[EAMBEICEITLREENSADBRMIKE
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GML-1Z2-SE GML-1Z3-SA  GML-1Z4-SA  GML-1Z5-SH GML-1Z6-SH GML-NC1-HT GML-GM1- GML-NC2-HT GML-NC3-HT GML-NC4-HT
STN STN STN STN TFT TFT STN Plain TFT-Side CF-Side Reflec-STN

750°C

800°C

850°C

900°C

950°C

1000°C

GML-NC1-HT GML-NC2-HT GML-NC3-HT GML-1Z6-SH GML-1Z7-TO  GML-IZ7-TO  GML-1Z10-SE
TFT-Side CF-Side Transparent Colored

850°C

900°C

950°C

1000°C

1050°C

1150°C

F2 24 RBEMBEICEITLREEN S ADBRMIKE
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1.

5 U LARAERMRR

EREASRICTODVWTEERDBHEZNL L1 - 1BEICLYHSFILSES
YU TIORETHER Lz, L LT—EBEKHEERZAL. 1 10OEET
JBES L. 30MPa T—EHANERFZ#E. 1050°CTHER LT-. ZDRKEEE 46 BEDA
EICH-TELROBHEZRE Lz, TORRE, MBLISELYOITLOESR
BAHEFVWITNLBREBRUTTHY ., REBSOEELZHRET S LafkER
L7,

x F2 2-8FIEASADILFEHEBE. & £2 2-9 FEEREEFEL.
® B2 2-10EEEBBHEZRLIEZIDTHD,

R OF2 2-8 BASADILZEHMEAL (BAL - massh)

#p [ Si0 [ B0 [ ALO; | FeO | Ca0 [ MgO [ BaO [ KO [ NaO
GML-1Z4 | 70.0 11 56 | 0.9 1.4 | 0.2 | 28 1.4 | 5.5
GML-125 69 — 2.5 — 9.4 | 4.4 — 1.0 14
GML-NCT | 58.7 | — 8.4 | 0.1 3.0 1.4 | 226 | 0.2 | 0.1

= ¥2 2-9 EE£EESHE (BAL: mass ppm)

B Cd Pb Cr As Se
GML-1Z4 0.5 <1 52 190 0.5
GML-1Z5 <0.1 <2 9.4 0.4 <0.1
GML-NC1 <0.1 4 2.9 0.4 <0.1

x $2 2-10 ELEBFHE EA:mg/l)

Bt Cd Pb Cr As Se
GML-1Z4 <0. 01 <0. 008 <0. 007 <0. 006 <0. 004
GML-1Z5 <0.01 <0. 008 <0. 007 <0. 006 <0. 004
GML-NCT <0.01 <0. 008 <0. 007 <0. 006 <0. 004

HAE(E 0. 01 0.01 0.05 0. 01 0.01

Tl B2 2-5H., £2 2—-6REI LM ASHBARERETLE-LDTHS,




13

GMB G GMB BL GMB BR GMB BK GMB W

600°C

650°C

700°C

800°C

By
GMB.—EiFH#R
50:50

800°C

900°C

950°C

1000°C

1050°C

1100°C

#a

e GMA-TD2:—EiF#H

GMA-TD2
600°C

650°C

700°C
800°C
900°C

950°C
1000°C
1050°C

1100°C

82 25K Y LARABEREER (1)
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B ook

WE
GMV-HG1 GMV-HG1:— BB # B
50:50
600°%C
650°%C
700°%C
800°%C
9o00°%C
950°%C
1000°%C
1050°%C
1100°%
Bk #wa B0k #AE
GML-1Z4 GML-NC1 GML-1Z4:— BB #H GML-NCL—BEFEE GML-1Z5 GML-125:~ B R & B
50:50
50:50 50:50
650°C
650°C
700°C 700°C
750°C
800°% 800°C
900°C 900°C
950°C 950°C
1000°C 1000°
1050°%C 1050°C
1100% 1100°%C

%2 2-6 7 LA EAEHREER (2)
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2. AR

BHSAEV#IILSH, EEORASAODENIREHSI5E.

FiELEDFIFIM S <

SREAREDHE. RUENODHEBRN EHEL TELENDH D,

E

B2 2—

11 [FREFEHDZANEEZED-HLD(F). &

DEDAHOHZRLI=HLDTHS,

x® F£2 2-11 FEHZARE ()

2 2—12~15 [I%E

EEDEHSRZ, BRELTHIRAZHDAIC, TNTNROBEEEZHRET HLIIE

AMETS.

1. ASRAVARUVTALY k

(1) ek

—FE105% X400 UL TOKRES ET B,

HEL. EMIZDOWTIX50mm L FT100g r LT ET B,
(2) BEMOREAZEIZDOVTIILUTOREY,

(BT : %LLT)
EYoRn E ¥ O % W B %
£EHE £ 0.1
FILETZOL 0.1
D (87 - 88 - EikE) 0.1
[ ] MEEs - e 0.02
L] o0avA M EDIREEE 0.01
PN TP 0.01
ZOM (a>y)—bk - 18 - B5E) 0.01
BEEHSR |#HREASRAMERLTSR) 0
T (DYRBILHASA, REASA, HEEAS 0.01
A, E%H)
A TS5RAFvY - # - KRS 0.05
TSRFYHa—FASAVA 0.05

G EEHRICAVDTULBRIAN MR ANIZ W7 -hRFFIEYOXRICZITLRY TE A,
2. 70V FASRE (HBHER)

(1) ik

300X 400mmELT (B00RLLTFAEZFELLY) OREEET S,

BL. E®IZDOTIX 50mm LLFT 100gr LT ET 5,
(2) EYOEAZSIZOVTIIUTOREY,

(BB : %AT)

EYDORXRHn 2 % 0 & ¥ BHO%
£EHE £ 0.1
FILZIZH L 0.1
ZDH (8 - $8 - ERE) 0.1
Vg ] TR - B - POREEREE 0.05
OL5E =N 0.01
A TSRAFYY LA VE 0.5
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3. |WASRE
(1) BIK  300X400mmLLT (300FLLTFALELLY) OKRESET S,
BL. EIZDOTIE 50mm LT T 100gr LT ET S,
(2) EYPOEAZIBIZOVTIEUTOAEY,

(B4 % LT
EYoR»n E ¥H» o & W OO
+E5E &% 0.1
FILI =L 0.1
Z D (8 - &0 - EiwFHF) 0.1
A% T - ELF4 - PEREEREE 0.05
0438 = N 0.01
Y TSAFYY - # - KE%H 0.5
4. RBHSR%E
(1) B4k 300X 400mmELTF (300PLLTAZEELLY) ORkETEELT S,
BL. EMIZ DL TIEX 50mm LLFT 100gr LT &T 5,
(2) BEYOEREAZEIZDOVTIILUTOREY,
(B4 % LT
EYORXRH E ¥ 0o @ W ]RO®
Eol- ] % 0.1
FILI =L 0.1
ZOh (57 - 83 - ¥ O L) 0.1
A% T8 - FLiSE 0.05
¥ TSAFVIE 0.5
5. ENEE
(1) MR BHRE. KEBEFE0EEYEEEICKRELEDLD,
(2) K 50%x100mm LT,
BL. EMIZDOLTIL 50mm LLFT 100gr LT &ET 5,
(3) EYOEAZSIZDOVTIIUTOREY,
(BT : % LLTF)
EYORXRH E ¥ 0o & W ]WO®
Eol- ] % 0.1
FILIZOL 0.1
ZOih (57 - 88 - Ef&SE) 0.1
A% T8 - FLiSE 0.05
¥ TSAFVIE 0.5




i

§2. 2-12 HBHEADDHH

GML (STN)  1EZE#ERE mass%
[Adn% GML- GML- GML- GML- GML- GML- GML-
1Z2-SE | 1Z3-SA | 1z4-SA | 1Z5-SH | 1Z8-MA | 1Z12-MA | NC4-HT
Si02 714 70.5 70.0 70.3 70.1 70.0 71.8
AI203 1.9 2.1 5.6 1.9 2.1 1.9 18
Fe203 0.2 0.2 0.9 0.3 0.1 0.1 0.1
B203 11.0
Ca0 8.2 8.5 14 85 8.1 8.2 8.5
MgO 3.7 34 0.2 36 38 35 3.7
Na20 12,5 12.0 5.5 12.8 12.0 11.9 115
K20 1.1 0.9 14 1.0 12 1.3 0.8
Tio2 0.0 0.6 0.1 0.1 0.1 0.0 0.1
BaO 0.1 0.0 2.8 0.1 0.1 0.1 0.1
Other 05 0.3 05 0.6 0.4 0.3 12
Total 99.6 98.5 99.4 99.2 98.0 97.3 99.6
GML (TFT) {eZ#rk mass%
L=/ | GML- GML- GML- GML- GML- GML- GML- GML-
1Z6-SH | 1Z7-TO | 1Z10-SE | 1Z11-MA | 1Z13-SA | NC1-HT | NG2-HT | NC3-HT
Si02 57.0 57.4 62.5 58.1 57.6 58.7 57.4 56.6
AI203 7.9 14.0 15.2 14.2 8.4 8.4 8.3 7.9
Fe203 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
B203 1.0 6.0 9.0 50 9.0 12.0
Ca0 2.9 42 5.4 43 2.9 3.0 2.9 2.9
MgO 1.2 1.4 0.3 15 14 14 15 15
Na20 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
K20 0.2 0.1 0.1 0.2 0.2 0.2 0.2 0.1
Tio2 0.8 0.5 0.2 0.7 0.9 1.0 0.9 0.9
SrO 30 12 40 1.2 30 3.0 30 30
BaO 233 8.8 0.0 9.6 19.2 22.6 15.4 13.7
Zr02 0.1 0.0 2.4 0.0 0.1 0.1 0.1 0.1
Zn0 0.0 0.0 2.6 0.0 0.0 0.0 0.0 0.0
Other 0.8 0.9 0.4 1.1 0.4 1.0 0.4 0.4
Total 97.2 99.5 99.1 99.9 99.1 99.6 99.1 99.1
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*

¥2 2—-13 HBHEADDHH

GMM  {EZFHRK mass%

¥4 |GMM-SY1|GMM-SY2 | GMM-SY3 [ GMM-GK1

-SN -SN -SN -GK

W-Am | BR-Am W-Vi W-Am
Si02 76.2 715 736 726
AI203 78 6.0 7.3 78
Fe203 0.1 0.7 0.1 0.1
B203 6.0 7.0 8.0
Ca0 1.0 13 11 12
MgO 0.2 0.1 0.2 0.2
Na20 5.8 5.6 5.6 5.2
K20 2.7 24 2.0 19
Tio2 0.0 09 0.2 0.1
BaO 0.0 1.2 18 2.3
Sb203 0.0 0.0 0.3 0.0
Other 0.1 0.3 0.0 0.1
Total 99.9 100.0 99.2 99.5

GMV bR mass%

L2/ |GMV-TO2| GMV-TO3|GMV-HO1 | GMV-HE1 [ GMV-HG1 [ GMV-HG1 | GMV-HG2

-TO -TO -HO -HO -HO -HO -HO

ASR PSR Pure Bst R-Pure R-Blind F-Pure
Sio2 69.8 69.1 68.1 709 68.4 67.9 69.6
AI203 17 2.0 16 17 18 18 18
Fe203 0.2 03 0.6 0.1 06 0.6 05
B203 2.0 35 45 1.0 45 45 25
Ca0 8.5 85 8.0 9.1 8.1 7.9 8.4
MgO 38 3.4 35 33 35 34 3.7
Na20 12.5 1.4 11.8 12.2 1.4 1.4 11.6
K20 0.8 0.8 0.7 0.8 0.7 0.6 0.7
Tio2 0.0 0.1 0.1 0.1 0.1 0.1 0.1
BaO 0.0 0.1 0.5 0.1 0.3 0.5 0.3
PbO 0.2 0.2 0.0 0.2 0.0 0.4 0.1
Cr203 0.0 0.0 0.1 0.0 0.1 0.4 0.1
Sb203 0.1 0.0 0.0 0.1 0.0 0.0 0.0
Cu0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Other 0.0 0.3 0.1 0.1 0.1 0.3 0.1
Total 99.6 99.7 99.6 99.7 99.6 99.9 995
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x F2 2—-14 BERSDHH

GMF . GME {bZfARL mass %
2R 5 | GMF-NK1 | GMF-SY1 | GMF-SY2 [ GMF-SY3 GME-ID1 | GME-ID2 | GME-NC1| GME-NC2
non Pb -MA -MA -MA Braun Braun
non Pb con.Pb non Pb Panel Funnel
Sio2 68.8 63.7 61.5 66.9 62.9 61.0 62.4 58.7
Al203 1.5 1.2 1.0 1.7 09 0.9 1.6 28
Fe203 0.1 2.1 0.1 0.6 0.0 0.0 0.4 0.4
B203 20 1.0 4.0
CaO 5.6 5.2 0.4 49 0.3 0.3 1.3 24
MgO 3.3 3.1 0.1 35 0.1 0.1 0.2 1.7
Na20 15.8 13.3 7.3 13.9 6.4 1.4 71 4.7
K20 1.3 1.1 1.9 1.3 1.9 1.9 55 4.7
TiO2 0.1 0.1 0.1 0.1 0.1 0.1 0.7 0.1
SrO 0.0 0.4 0.0 0.2 0.0 0.0 3.8 0.2
BaO 0.2 0.5 1.2 03 0.3 1.4 8.4 0.9
PbO 0.1 0.1 25.1 0.1 26.2 25.8 0.2 220
Cr203 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Sb203 1.8 23 0.3 29 0.2 0.2 0.8 0.2
Zr02 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0
ZnO 0.3 0.0 0.1 04 0.0 0.0 1.3 0.2
P205 0.0 42 0.1 1.4 0.0 0.0 1.2 0.1
Cl 0.0 0.1 0.2 0.0 0.2 0.1 0.0 0.1
Other 0.1 0.2 0.0 0.1 0.0 0.0 0.0 0.1
Total 99.0 99.6 99.4 99.3 99.5 99.2 99.4 99.3
GMA. GMO. GMP. GMC b4l mass%
2% | GMA-IO1 | GMA-NI4 [ GMA-TD2 | GMO-ES1 | GMO-ES2 | GMP-FD1 | GMP-FD2 | GMP-ST1 | GMC-Iz1
GW OptFib Humu -SE
Sio2 70.8 70.5 65.4 97.5 97.0 371 65.8 67.3 98.0
Al203 1.7 2.0 2.1 1.6 1.2 0.4 0.5 0.4 1.2
Fe203 0.2 0.1 0.6 0.0 0.0 0.0 0.0 0.0 0.0
Ca0 9.5 8.5 10.4 0.2 0.2 1.7 1.9 1.8 0.2
MgO 3.8 3.9 3.8 0.5 0.3 0.2 0.1 0.1 0.5
Na20 12.2 125 15.0 0.0 0.0 19.6 52 7.2 0.0
K20 0.7 1.1 1.2 0.2 0.1 16.6 71 6.9 0.2
TiO2 0.1 0.1 0.1 0.0 0.0 0.3 0.1 0.1 0.0
SrO 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
BaO 0.1 0.0 0.1 0.0 0.0 5.6 0.5 0.1 0.0
PbO 0.0 0.1 0.0 0.0 0.0 0.1 17.6 14.7 0.0
Sb203 0.1 0.1 0.0 0.1 0.0 47 0.4 0.6 0.0
ZnO 0.0 0.0 0.2 0.0 0.0 1.5 0.1 0.3 0.0
Other 0.3 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0
Total 99.5 99.1 99.7 100.1 98.8 99.9 99.3 99.5 100.1

-29-




x F2 2—-15 BERSDHH

GMB bR mass%
{E2m% | GMB W GMB GMB GMB BL({GMB BK|GMB G| GMB G | GMB X GMB
BR W-TS GER JPN CHL SPA ECO
High
Strength

Si02 715 72.0 715 71.6 711 69.8 70.8 71.1 70.7
Al203 2.1 2.7 20 1.8 2.3 3.8 22 2.3 22
Fe203 0.0 0.3 0.1 0.2 0.2 0.4 0.3 0.2 0.2
CaO 11.2 11.0 10.4 9.8 10.6 10.2 9.9 10.9 10.6
MgO 0.5 0.2 0.1 3.2 0.3 0.5 24 0.6 0.9
Na20 12.8 12.2 14.4 12.4 11.8 135 12.4 12.6 13.3
K20 1.1 1.1 0.9 0.6 1.3 1.3 1.0 1.1 1.1
TiO2 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.1
SrO 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
BaO 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
PbO 0.3 0.0 0.2 0.1 0.1 0.0 0.0 0.0 0.1
Cr203 0.0 0.0 0.0 0.0 0.3 0.2 0.1 0.1 0.1
Sb203 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.0 0.0
ZnO 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0
CoO 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
S03 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.1
Other 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.0
Total 99.8 99.8 99.8 100.2 98.2 100.0 99.3 99.3 99.5
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T, FRHEREZ—EEL LT, HRHORGRZELSELEEORMGELDHEKRERL
EF3DTHD, HISRY &S ITHREEGZHOREZECHL., HREEBESL. RYENE
mLTWadZErbmnd,
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E£3F B-1 MEAEODAIARICEI Z0EMR

E1H #S

MEEEDOBRE LTHZ AOMEBIRIZHE T HHFEEIEEL . HEAME LTTILS 2O LA ERMNY
BLENENTHASZE, PILEZVLEAE L TKERIETILES =V LZEE L., BB, REEEE - BHE
EZREL. EREDYTUTIVERH L, RAORERELE L TZEEROBETZ RS L E2HRETHECH
EFTERTET,

COHEREZIT. SEEFERENOY FERE L, BERETE TUVELVERBORETILRER L LI12D
WCEHIlERET £ 3 % S HITKE S A )LOFEMRRR. BEADICAICDOWTHRETT 5,

E28 HARRAREORER
| EfEREDE
NFETORRELLIZUTOEHTAIRAEZEK LT,
"BEHTR(G NI HF—)60% EKEAL T IV =D LEBFREIE/NA O T4 k H-42)40%ZEEETT 3kg 245
KSIFE LT,
- TFTA)vESRY—ITKY 2 NRIEEERH L,
- B (T RERER) [CANERUFIZT 1100°CT 1 BEREF L 1=,
COESTLTHEZAIRAIZOVNT X REWFICK YIBROERBKEEHRELIZEZA. ChETOELED
LRAETHD LY TET,

| ERMERRDORE

CDERESR 60%& MAKERFET 40%% 3kg (T35 K STFEEE LTz, FEe LTRADRE LA
SRIZDVTHEHDEATIRAEL =, & £ 321 275 VI RAFENOMEBETT, ChoERY 3L
AT 16 BB L. BEEIEBREKE T%IZHE L SITIK LAY hTFIUIZEYiER LT,
B o=t % 100x30x15mm |ZFFZE A 30MPa [Z—EHnER L. 80°C T 24 BEffiszigtk. BXFEH
WTATEDRETHK LTz, BERFTHELIER. IUEE. SBE. RNTEE. TkE, ffEE,. v
FEZRE L=, B, BEETZILFATREICEY, HITREXR/AY 80mm, V7AXAY FXE—F
2mm/min TAIE L. R FEIZDUVTIL 800°C TFHIRGE LIARE S & 6.2mm [THiiZ 7. X/ 80mm
THIE LTz,

& #3.2-1 Chemical compositions for starting materials in mass%.

Sample SiO2 AlO3 Fex0O3 CaO MgO KO NaO TiO2 Ig-loss Total

G Powder 70.0 21 0.2 12.0 0.4 1.0 140 - 0.3 100.0
Synthetic Feldspar 489 31.9 0.1 8.4 0.3 0.7 9.8 - - 100.0
Masui Feldspar 785 120 0.1 0.7 - 6.0 2.3 - 0.3 99.9
Komatsu G. Clay 545 29.7 11 0.2 0.2 2.3 0.2 04 103 98.9

% 3.2-1 RICRKEDOBBREIZXT 5FEIL%E. 5 3.2-2 RITUNEE, 5 3.2-3 HICHIFRE. 5 3.2-4
BIZARY FE, % 325 HICEBESLURNTBEDEILETRT . 77 X(GP)DIHFEIZIE 800°C TEEIC
BWEEDIAE > TH Y 1050°C TIHFFHIEMNTT LTS, RARABEH)E 1000°C THELH LA S
. 1300°C THRTT B, TNt L TERER TIEBEEIIEE DDA 1100°C fHATHY .. RARR &
Y 3 O0FILT HRELNS NN ENDID, K> TKEIETZILE O LEDEEL. RIGEGEEELSE
BT EICKY . BEILREDHIEAMETHY .. SHICKRARABDEFEICEHLESZENTES L0 -
T=o
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[FOPIEE(ENE L TELZLOOERGIERITEDL S BN LD o1z, 325 RITRLI-ERES
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A. BABS 60%E T A0%DEREICEVDTHAEEEICELEETHRELI-EDE L, £326H
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#F 5 3.2-2 Thermal expansion coefficient.

Firing temp. Thermal expansion coefficient (106-°C%)
sample (°C) a:RT-400°C b:300-400°C c:a-b
Natural 1250 6.81 6.89 -0.08
G powder 1050 9.52 8.12 140
Synthetic 1250 6.34 6.10 0.24
Il B35 - FEMRORE
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M. Ry ZILICTHINET DO DEREIEBTE 2300, BHEFE. BEGSEICOLTIEY YR 2L
D74 0 ERICTEEREFRD NG o 1=HEIZ LT FHMllTEE & L TITEHAARIIFIE. BEBFET.
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- BERUHERIFOAONE B,
- BEERASRAFOERHEAOFZETHFEYSIFESALY,
- TSR, SRR, MEMERRMILEEMEE L ENLY,

-38-



= 323 FEHBRER
. ~ SRR "
Ho7IL ElER S LEB AR
______ g (%) 30 18 -
HE (g/cmd) 1.48 1.50 1.40
pH - 9.25 9.79 8
TR (mS/cm) 0.96 1.05 0.4-05
PR - 52 48 60-70
BoARHRE POEEH Y PrHY
fiit N BE SK 28 27+
OF RF OF RF
BfaE - 80 78 84 75
Bt = = -
RIHEE (%) 120 115 117 113 12.0-12.5
REE (MPa) 89 81 80-120
AEGER 150-170°C clear

LUt., SEIOFERMNSFFRSENOSATRERIET DAy MIFZIZRWV S o1=, BL., SEEHE
TELRD =M A < DTORMEIZ DV TIIEAH AN TIFA LA E DR EST-,

DYVRANI7A VB LUVERRBEERAVAY &Y ——FEBH LIz L EDHEMEER 5 324 ITRT,
ZOBOERETV VRZILT 74 2 16%DHIZ, #5E(hA 1) &E)50%. R 32%, FILZF 2% THY.
FHERRADHZEIIERESR 30%. #t 35%. ER 30%, KA SN TH1=, £ 3.2-7 HICEHERZE
AW-3DODEE%, F£328RIZVYREFILIT7A VERWVIGENDEEETY,

% 324 FHORBRER
I
HoI 7 7’;?’; V' apER
EEE (%) 16 3%
pH - 9.1 8.9
SHARITRE POHHY POEHY
Ig-loss (%) 7.5 5.0
it X FE SK 27 27
OF RF OF RF
BEE - 84 73 86 78
fRUNEEE (%) 122 116 9 10
BESEREr  (10°-°Cch) 57 4.7 - 5.2
hiTRE (MPa) 80 90
AR 150°C clear

* EiR~700°C

xR HF324LYVVREILT 74 ODHEFHEIE & YERESEHNOPDE HOFFIEFRTRIOER & XE
FHRVERTHY . FHLETHERRICOVTIEETOBCHEMIEENS BLHREIZH )N BOOND(E
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Vitrification Behavior for the Body Composed of Recycled Glass Bottle, Feldspar and Clay /OO. Watanabe (INAX
Corporation), S. Kato(CRYSTAL CLAY CORP.)/ The vitrification behavior of the ceramic bodies using recycled glass bottle as
a flux source was discussed under the clay(40%0)-flux(60%b,feldspar-glass) system. With the increases of the substitution
ratio of recycled glass bottle, vitrification temperature of the body decreased and lowered over 200°C when fully
substituted and flexural strength of the fired specimens became higher.
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VITRIFICATION BEHAVIOR FOR THE BODY COMPOSED OF
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ABSTRACT

It is difficult to recycle colored glass bottles except for transparent and
brown colored to bottles. As an effective way of re-using glass bottles, the
possibility of its addition to ceramic ware was evaluated through study of the
vitrification behavior of ceramic bodies with recycled glass bottle as a flux
source in the clay(40%) - flux(60%, feldspar-glass). With increase in the
substitution ratio of feldspar by the recycled glass, the vitrification temperature
of the body decreased and was lowered by more than 200°C when the feldspar
was fully substituted. The flexural strength of the fired bodies became higher
with increasing firing temperature, reached a maximum and then decreased
sharply. The maximum flexural strength attained was higher as the substitution
ratio of feldspar by glass increased. In the glass-substituted bodies, anorthite
and nepheline were formed on vitrification, indicating that the glass had reacted
with the kaolinite in the clay. In addition, the amount of coarse quartz particles
that are considered to be sources of rupture also decreased. This appears to be
the reason for the higher flexural strengths reached by the glass-substituted
bodies.

INTRODUCTION

The recycling rate of glass bottles in Japan has been rising year by year. The
amount of cullet utilized in 1998 was as high as 73.9% with respect to total
glass bottle production of 1.98 million tons®. However, glass bottle production



has decreased after reaching its peak in 1990. Therefore, any significant
increase in the amount of cullet utilized for producing glass bottles cannot be
expected in the future. In addition, because of the recent wine boom, the import
of colored glass bottles has been increasing. Since recycling of colored glass
bottles is difficult, there is anxiety that the amount of glass waste requiring
disposal by land reclamation would increase. For this reason, development of
new technologies that allow the utilization of cullets is considered to be an
urgent and important target.

Methods of utilizing cullet for producing heat insulating materials, foamed
light weight aggregate, aggregate for road paving, ceramic tiles etc., have been
investigated and some of these have been commercialized. The authors have
been carrying out research and development on advanced utilization of glass
bottles?, funded by the New Energy and Industrial Technology Development
Organization in Japan (NEDO).

Little research seems to have been carried out regarding the use of glass
cullet for producing ceramic ware, except for the undermentioned works.
Vangordon® investigated the effect of glass cullet additions up to 40% on the
water absorption of clay-wollastonite-talc and clay-feldspar-flint bodies, and
observed lowering of the sintering temperatures. Youssef et. al* have reported
on the optimum mixing proportions when glass cullet additions of up to 50% are
made to feldsparthic porcelain bodies.

This paper reports the results of investigation of the sintering characteristics
of feldspar-clay porcelain bodies in which the feldspar was fully or partially
substituted by bottle glass cullet. The physical properties of the sintered
products are also reported.

EXPERIMENTAL

Bottle glass is soda-lime glass containing more than 10 % of both Na20O and
CaO as shown in Table I. The table also shows the compositions of elutriated
clay and feldspar (both from Seto City, Aichi Prefecture, Japan) used for the
current experiments. Table Il shows the batch compositions studied. The clay
content was kept fixed at 40% and the proportions of feldspar and glass were
varied to obtain the 4 batches shown in the table.

Powder X-ray diffraction and norm calculations indicated that the elutriated
clay was composed of approximately 65 % kaolinite (Al2032SiO22H20), 15%
quartz (SiO2), 5% muscovite (K20-3Al2036Si02) and 10% microcline
(K20-Al2036Si02). The feldspar contained 55% microcline, 40% quartz and 4%
muscovite 4%.



Table I Chemical compositions for starting materials in mass%.

Glass Feldspar Clay

SiOz 70.0 78.0 54.5
Al203 2.1 12.5 29.7
Fe203 0.2 0.1 1.1
CaO 12.0 0.7 0.2
MgO 0.4 tr. 0.2
K20 1.0 6.0 2.3
Na20 14.0 2.3 0.2
TiO2 tr. tr. 0.4

___lg-loss | 03 03 103

Total 100.0 99.9 98.9

Table Il Batch compositions for specimen in mass%.

1 2 3 4

Glass 0 20 40 60
Feldspar 60 40 20 0
Clay 40 40 40 40

Each mixture was wet ground for 16 hours using porcelain balls in a ceramic
pot mill. Measurements of the grain size distributions with a laser diffraction
grain size distribution meter (LA-500, HORIBA, Japan) showed that the D50
mean grain size was almost the same for all 4 mixtures and was around 15um.

The slurries were dried at 80°C for 24 hours after filter pressing. Water was
then added to make the water content 7% followed by granulation through the
net crepe de Chine method. 100x30x7mm specimens were obtained by uniaxial
pressing using a compacting pressure of 30MPa, and dried at 80°C for 24 hours.

Sintering of the specimens were carried out in an electric furnace. The
heating rate was 2°C/min and the holding time at the specified temperature was
one hour. The firing shrinkage, water absorption, bulk density, apparent density,
true density and flexural strength were measured after the specimens had cooled
to room temperature. The bulk and apparent densities were measured by the
Archimedes method and the true density by the pycnometer method.

Three point bending tests with a universal testing machine (TENSILON
UTM-1-2500, A&D, Japan) were used to measure the flexural strength of the
specimens under the following testing conditions: support distance = 80 mm,
cross head speed = 2mm/min, number of specimens = 5.

Powder X-ray diffraction analysis (RAD-A, RIGAKU, Japan) was carried



out to determine the phases in the sintered specimens, and their microstructures
were observed through a scanning electron microscope (JSM-5400, JEOL,
Japan). The compositions of a part of the specimens were examined by EPMA
(JXA-8800RL, JEOL, Japan).

RESULTS AND DISCUSSION

Fig.1 shows the variation of water absorption of the specimens with
sintering temperature. It is evident that densification (vitrification) begins at
about 1000°C for specimens containing only feldspar (No.1) as the flux
component, compared to 800°C for those containing glass (Nos.2, 3 and 4).
Furthermore, the vitrification temperature is lowered with increasing glass
content. It can also be noticed that in the case of mixture Nos. 2 and 3, the
vitrification seems have been arrested temporarily in the 1000-1100°C range.
The vitrification temperature of the specimen in which the feldspar was
completely substituted by glass (No.4) is lower than that of the specimen with
feldspar only (No.1) by more than 200°C.

The variation of firing shrinkage with sintering temperature is illustrated in
Fig.2.

In all specimens, the shrinkage increases with progress of vitrification,
reaches a maximum and then decreases. As the quantity of glass used increased,
the firing shrinkage at vitrification became smaller. It reached a minimum value
when the glass substitution ratio was 40%, but increased again as the glass
substitution ratio was further increased to 60%.

The results of X-ray diffraction analysis of the specimens (No. 4 mix) that
contained the most amount of glass after they were sintered at 850, 950, 1050
and1150°C are shown in Fig.3. In addition to quartz and cristobalite (SiO2),
B-wollastonite (CaO-SiOz), and devitrite (Na20-3Ca0O6SiO2) are recognized in
the specimen fired at 850°C. Out of these phases, quartz is originally present in
the clay. From the Na20-CaO-SiO:2 phase equilibrium diagram, it appears that
the other phases observed were crystallized from the soda-lime glass®. Therefore,
it can be inferred that at this temperature, the glass has not reacted with the
kaolinite dehydrate in clay.

When the firing temperature attains 950°C, the amount of cristobalite and
b-wollastonite increase and devitrite disappears, being replaced by nepheline
(Na20°'Al203Si02) and anorthite (CaO'Al2032Si0O2). These are phases
containing Al203 that appear to have formed by the reaction of glass either with
the Al203 or with the Al203 and SiO2 supplied from the kaolinite dehydrate. On
further increase of the firing temperature to 1050°C, the amounts of nepheline
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Fig.1 Change in water absorption as a function of firing
temperature.

and cristobalite decrease while anorthite is seen to increase. However, if the
temperature is increased to 1150°C, the degree of crystallization decreases.

Fig.4 shows schematically the variation of the crystal phases and their
relative intensities with firing temperature for all four mixtures. In the case of
mixture No.1 that does not contain glass, feldspar decreases from about 1000°C
because of melting, and mullite (3Al2032SiO2) begins to form. When the
mixture contains 20% or more glass (Nos.2, 3 and 4), formation of mullite is not
recognized. Instead, formation of anorthite is observed. Formation of
cristobalite too is recognized. In mixture No.3, the amounts of cristobalite, and
anorthite have increased and the formation of -wollastonite and nepheline too
becomes evident. Compared to No.3, the amount of anorthite in the No.4 mix is
slightly less but the amount of B-wollastonite is higher.

It has been reported that formation of anorthite is accompanied by large
expansion®. This is believed to be the reason for the temporary arrest in the
water absorption and shrinkage trends in the midst of vitrification as seen earlier



12

10

Shrinkage / %

-2 1 1 1 1 1 1
700 800 900 1000 1100 1200 1300 1400

Firing temperature / °C
Fig.2 Change in shrinkage as a function of firing temperature.

in figures 1 and 2. The small shrinkage exhibited by the No.3 mixture can also
be attributed to this expansion caused by anorthite formation.

The variation of flexural strength with sintering temperature is illustrated in
Fig.5. For all specimens, the flexural strength increases with the progress of
vitrification, reaches a maximum value and then decreases. Also, as the quantity
of glass increases, higher strengths are obtained at the vitrification stage.

In order to obtain higher flexural strengths, it is necessary that the body be
homogeneous and approach the theoretical density as far as possible. In addition,
generation of internal stresses through the addition of constituents with differing
thermal expansion coefficients is considered to be effective in increasing the
flexural strength through a pre-stressing mechanism. From the density data, the
filling factor at the time of vitrification is 93.4% for the specimen that does not
contain glass (No.1). As the amount of glass added increases, the filling factor
falls to 92.9%(No.2), 84.7%(No0.3) and 84.9%(No.4). Therefore, the filling
factor cannot be the reason for the higher flexural strengths of the
glass-substituted specimens.
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Fig.3 X-ray diffraction patterns for No.4 body.

Fig.6 shows the results of SEM observations of No.1 and No.4 specimens
that were judged to have been vitrified by sintering at 1250°C and 1050°C,
respectively. The microstructure of the No.1 specimen is not homogeneous.
Quartz particles 30, 40um in size are observed in this specimen together with
regions containing long acicular crystals of mullite. In other regions, short but
densely distributed mullite crystals are present. In contrast, quartz particles are
not seen in the case of the No.4 specimen and the entire matrix is homogeneous.
Spherical particles less than 1um in diameter are observed and these were
confirmed to be anorthite by EPMA. It has been shown in Fig.4 that the amount
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of quartz in the body decreases with increase in the amount of glass. This is
because feldspar contains 40% quartz and the amount of feldspar used in the
mixture is decreased with increase in the amount of glass used.

Hamano et al.” have investigated the influence of quartz particles size on the
strength of kaolin-feldspar-quartz porcelains. They have reported that when
coarse particles larger than 20um are present, cracks are formed within the
particles and in their vicinity, and that the strength is lowered with increasing
amounts of quartz. Similarly, Kobayashi et al.® who examined the effect of
quartz on the flexural strength of kaolin-feldspar-quartz porcelains have found
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Fig.5 Change in flexural strength as a function of firing
temperature.

that even particles with maximum diameters of 10 to 30 um become sources of
fracture and cause strength decrease. Furthermore, it has been reported by
Kawamura et al.® that in porcelains of the kaolin-lime-quartz system, the
flexural strength becomes higher with decreasing amounts of silica sand.

Therefore, it is believed that the higher flexural strength observed in
bodies with higher glass content in the present study is due to the greater
homogeneity of the matrix. It is unlikely that the higher strength was caused by
pre-stressing effects of internal stresses.

CONCLUSIONS

The vitrification behavior and physical properties of sintered clay-feldspar
bodies in which the feldspar was partially or fully substituted with bottle glass
was examined. The main conclusions obtained are as follows.

By utilizing glass in the mixture, vitrification begins at 800°C. The
vitrification temperature is lowered by more than 200°C compared to that when
only feldspar is used.



Fig.6 SEM photographs of after etching by10% HF
solution for 15min. (A ): No.1 body fired at 1250°C,
(B) and (C): No.4 body fired at 1050°C.

The SiOz, CaO and Na20 contained in the glass react with the Al203 and
SiO2 of the kaolinite in clay, producing anorthite, nepheline and B-wollastonite.
The expansion behavior that accompanies the formation of anorthite results in
increased porosity of the sintered bodies. Also, the redundant SiO:z in the
mixture is crystallized to form cristobalite.
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The flexural strength of the vitrified bodies increases with increasing glass
content of the mixture. This is believed to be due to the fact that feldspar
contains coarse quartz particles that are sources of fracture. Increasing the glass
content of the mixture results in a reduction of such coarse quartz particles and
improves the homogeneity of the sintered bodies, thus yielding higher strength.
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