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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 CO2 Emission Reduction”

*Summary ( term:1998 November 9 ~ 1999 March 31)

A

B-1

B-2

B-3

Investigation and development of a supplying system for glass waste as recycled resources
with LCA design

+ Basic research into pulverizing and separation from a foreign subject.

+ Regulation and sample tests of inspection equipment were done.

- Effective supplying system was investigated into pulverizing, classification facilities.

+ Test which improves the precision of separation from foreign matter was taken.

+ Standard of acceptance for raw materials had been drawn up.

Investigation and development of artificial synthesis of feldspar and pottery stone mixture

« It was found that the optimum conditions for synthesizing feldspar and pottery stone mixture

artificially ware 60% of glass waste and 40% aluminum hydroxide as the batch composition
and more than 5 hours at 1000°C or over one hour at 1100°C as the calcination condition in

glass waste- aluminum hydroxide system.

+ Then it was recognized that vitrification behavior of artificial synthesis of feldspar and pottery

stone mixture obtained by above process was similar to natural one.

Investigation and development of utilization to hydrothermally solidified materials of glass

waste

« It was found that strong hydrothermally solidified material without crack could be obtained

from G powder, slaked lime and plaster.

» For weathering test, some specimens ( 110x110x15mm ) ware prepared from G powder, slaked

lime and plaster.

Investigation and development of manufacture of eco-glass block

+ Size and percentage of bottle glass cullet waste which is mixed with glass raw materials

had been tested in order to get good melting condition for making eco-glass blocks.
From 5 to 10 mm of cullet size and from 60 to 80 % of cullet percentage had been made

clear good condition for melting good glass.

+ One batch melting by 240 kg had been carried out under the above cullet condition in

order to judge good melting condition or not for making eco-glass blocks.



B-4 Investigation and development of an environmentally friendly system using
multi-functional hybrid material.
+ Light tile and block experimental had been done to set the basic manufacturing process.
- Investigation had been done to establish best preparation of basic material composition.
+ Value or effect at the level of the system conformed to environment laboratory was
confirmed besides LLCA value had been considered.
« From the following year, mainly utility will be discussed, therefore manufacturing

technique, production facilities and effect will be checked.
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Table3-1 Chemical composition for glass in mass%.
Si0o, AlL,O; Fe,0O; CaO MgO K,O Na,O TiO, Ig-loss Total
70.0 2.1 0.2 12.0 0.4 1.0 14.0 0.0 0.3 100.0
TN EBR T L 72 & & ORERFHOZ LA X 3-1 1R d, HERFHOMERI TP T SR X RRET
(RAD-TTA) % VT T o 72, IIEAET(Blank)(Zi% 15~40 Q2 0)i2 7 1 — R/ — 27 BNE.LND 21T T,
B TH D Z L3bird, 2k 800°C THENT % & A(quartz, SiOz), 27 U A h/3F A K(cristobalite,
Si0;), 7B F 74 h(devitrite, NaO-3Ca0-6Si0z), ¥ 7 A b1 k(wollastonite, CaO-SiOz)Difdnn’
P LTS Z &3 005, ZilZx 1000CE THENREZ R S5 LA L CU7SREsDIEE A L
PHELTLE D ZEnbnd, ZOZUIZHOWTIEX 3-2 (R TFXIZ L D ENTE 5,
IR LT-@FNN T T ARSI S T 55T D03, ZHUL NCsSe(devitrite, NaO-3CaO-6SiO,)H
BTH Y, 1000°CHEE T NC3Ss 23 Jih & L Thbtt T %, IREEDME T3 D223 TN HITIREEIC
NC3S6 23T TN < O CHRFFFAAIL NCsSs DFHAR & G A RESEAHTIA > T LT, QP #p Lz
T%, Z 2T NCSeHARMW I+ I U P~ A h(Tridymite, SiO)DFUMIL>T, hUT~A hagHL
b5, XHIZEDE%, P—~0 LTl 23T NCsSs 38 L UNSIO, &8 LFE T C O 12T 5, Z DM
IZ N U~ A Mo AROEEREN B D, O IS LTz & ZIARII—NSH NCsSe+AJEDSUGRIZ L - THi L
< NS Z g 9™%, Z ORIGOT=OIZERIIHNEE LR Shud & IRFEDNHEIR L T2 NS, NC3Ss,
FHD 3WE DR L 725 T, DV OBENIE 1T 5, FEEIAGON-ERIE 2 02z &
DT 5 B2 oND D LIFRR L, ZHUudd < ETHRERHIRETOZEILTHY | 722
IRHRRRE AT H T2 DITIXZ DD TRVEHHALETH L Z L, ) U~ A MR REERERTH D
Z L. NCsSs T CS(wollastonite, CaO- SiOn)FEHRI Ttz L7814y Tl #lfaAs NCaSs TldZe< CS £7-
WL RY O~ A IRBELZEM E LT A RS ENZ L7 Eb I 3-1 IS5 vz e~ 7=
LOEEZBND, £ZOZUIEREN LD LD TH LN, NET DA TH AT ADHAITITA
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U LOFNNINEN L0 KED CO, TAZEREIEDZ LI2Hb72 0, RIFVEREIFE 2T,

— 07, KALT VR =0 DEPIIT 5 2 L2 L 0 BrTIZ ALOs 57 5% 7 = U L (nepheline)
PERRT DL D170D, FTKBET NV =0 L LRI VYT D RRHCEIN LT 5/10Er 7 =
U ATINZTRITY IS AbOs &4 57/ —HA R anorthite) 23 ER%d 2, ZHbITEAREC
W= H8WThHY . HT ABKE Y IR AEE LCTROER LT 0B 0L d 2 En3lifF S i
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PEDZ Enb, REEIL YD DOTINFFR TIERN S L, AKBMET L =0 AOTRINES
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Glass

wollastonite : CaO'SiO,
nepheline : Na,O'Al,0;SiO,
gehlenite : 2CaO'Al,05SiO,
lime : CaO

wollastonite
glassy phase

wollastonite
nepheline
glassy phase

= -
wollastonite

lime
/ glassy phase

wollastonite
nepheline
anorthite

(glassy

Al(OH); CaCo,

Fig.3-3 Phase compositions calcined at 1000°C.
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Table3-2 Chemical compositions for Al(OH); and Gaerome clay in mass%.
SiO, AlL,O; Fe,0; CaO MgO K,0 Na,O TiO, Ig-loss Total
Al(OH),4 0.0 65.4 0.0 0.0 0.0 0.0 0.0 0.0 34.6 100.0
Gaerome Clay 52.8 30.7 2.1 0.2 0.3 1.9 0.3 0.7 11.1 100.1

T AR 3B ITRT RIS TS L. 30mm ¢ Xsmm OFRRIC—HINERTE L, #EXUR 2 VTl .
TR X BHBEHITIS & DA DB 21T~ T,

Table3-3 Batch compositions in mass%.

No.l No.2 No.3 No.4

Glass 50 50 50 50
Al(OH), 0 10 30 50
Gaerome Clay 50 40 20 0
Total 100 100 100 100

ZORERAH 34 L 35 1T, T 2 CTHERBFHOEIRIIFEXHIR O ThH O EEMIT eV, R
AN 1000CTIET T A MFA b, X7V T/ —HA FOMUZT VA RRT A h 7F4—Y)
BHEN, Z VA RRTA b, 74—V UT R A MIHERZVNE EEZ DR H Y Wi
X7 = U AT T AN RSN D, BEN11000CIZRH LU T A ML b %72V >, 74—
NHFEALEERL, 7/ —YA b, ZURXARMTA NP END, £72T7 /—HA FOARK
BT 1000°C L 0 b8z, KBTIV =17 DISEHREN T L 25, 1200°CTE 1100°CLz A~
TT ) —A FNBD L, AT AR Z T Z &b,

Z ORFOWERIAROWAKER, IHEE, mEEOEbEK 3-6, 37, 3-8I1ZENLIURrT, KibT /L3
= LOWIEDS 0%DEEITIRRE D 5L TR b T L, 1000°C THRKENNIZE A& 0% &
720 Z DB K E 72UHEL0~11%) & o THEX i - C L £\ 1100°CLA ETIdsB e L IHEE DK
THRRLND Z LMD, BEEINBSGNEZ > TOD Z ENbD, THUKI L, KBRET VI =
LPEINS LD EWIKREDIR T2 LN BB, IHERAE < 220 I < go TN TEMn b, i
LA XIZL < Feo TN 2 EWDND, S BITKEET LI =7 A 10%FNO5A121% 1200°0C T
KR 0%IT<AAR T D HDD, EEEEN 1.9glem® &2 VRN Z L BKALEZ < A4 Sl
DWEEDMF O D FREMED 85 Z L3035, Ca I DNENRHZ A1 A4 FA h 2 E D Si0,, ALOsf%
SERIGELTT ) —WA DA DBUIRE AR A O 2 L3 bhoTnd, o THT
ZDYFNT L A E AT ) —H A MERICE D, 2oLk RBGRRI »7-bDEEZ BN
%o FETz 00CITIRIT DT L OWOKRDFERN KT VI =0 LOBINZZ < § DIFER
BIRFDOFENEEL 725 2 L3 oD D,
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Fig.3-6 Change in water absorption as a function of temperature.
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Fig.3-7 Change in shrinkage as a function of temperature.
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Fig.3-8 Change in bulk density as a function of temperature.
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Fig.3-9 Change in phase composition with calcination condition in
GP(60%)-Al(OH);(40%) system.
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Table3-4 Chemical compositions for synthetic and natural feldspar in mass%.
SiO, AlL,O; Fe,0; CaO MgO K,O Na,O TiO, Ig-loss Total
Synthetic 48.9 319 0.1 8.4 0.3 0.7 9.8 0.0 0.0 100.0
Natural 78.0 125 0.1 0.7 0.0 6.0 2.3 0.0 0.3 99.9

BERIREE | 6 DUNHER, KR, SR & BB & oBRA X 3-10, 3-11, 3-12, 3-13 (2%
NFIVRT, T2 TIRBEL TRWH T ZKb 7 v I = A-fE+%2% Reference & U CFRR LT, =
NHDX LV ELTFDZ L 3bins,
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Fig.3-10 Change in shrinkage as a function of temperature in
synthetic and natural feldspar system.
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Fig.3-12 Change in bulk density as a function of temperature
in synthetic and natural feldspar system.
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Fig.3-13 Change in apparent density as a function of
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Fig.3-14 Change in phase composition.
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Table4-1 Chemical composition for glass and silica stone in mass%.

SiO2 AlO3 FexO3 CaO MgO KO NaO TiO2 Ig-loss Total
glass 70.0 21 0.2 120 04 10 140 0.0 0.3 100.0
Silicastone  81.1 8.5 4.2 0.2 11 2.2 0.2 0.4 2.0 99.9
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Fig.4-1 Particle size distribution for silica stone.
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Fig.4-2 Change in flexural strength as a function of substitution of G powder.
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Table4-2 Results of bulk density and flexural strength in GP-GL1-Ca(OH), system.

1 2 3 4 5 6 7 8 9 10 11 12

Ca(OH), (%) 15 15 15 15 25 25 25 35 35 15 10 5

GP (%) 55 40 25 10 45 30 15 35 20 55 60 65

GL1 (%) 30 45 60 75 30 45 60 30 45 30 30 30

Bulk density  (g/cm®)  1.35 132 1.31 129 135 132 127 1.34 129 135 1.34 137

Flexural strength  (MPa) 472 430 466 552 338 351 374 355 299 398 502 3.60
GP

Flexural strength
(MPa)

40

I’ “BUIK density” |

Ca(OH), 20 40

60

80

GL1

Fig.4-4 Variation of flexural strength and bulk density in
GP-GL1-Ca(OH)2 system.
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Fig.4-5 Change in bulk density and flexural strength as a function of

composition of Ca(OH)a.
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Fig.4-6 Batch compositions in GP-Ca(OH)2-CaSO4 system.
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Fig.4-7 Change in flexural strength as a function of gypsum addition.
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G 74 b ORiFE [mm] K ONzEC [%] i L D UE S SR A g #l
0.15~ 10.30~ [0.70~ -] (%] [N/cm?]
0.3 0.7 1.2
100 1.30 0.30 1666 Bl
70 30 1.29 0.39 1623 R
50 50 1.25 0. 68 1542 G M DR ZLEEIA VD
30 70 1.22 1.34 1414 G hOREZSE A Y
100 1.19 2.82 1274 G b ORZEs A Y
100 1.05 3. 42 836 G M DRGSR Ha YV
3.50 1800
500 | 1 1600
1 1400
2.50 |
4 1200
mbE-], 2.00 1 1000 i TR A
WK =R [%] [N/cm”]
1.50 | 1 800
4 600
1.00 |
1 400
0.50 [ 1 200
0.00 0
0.15~0. 3 100 70 50 30
0.3~0.7 30 50 70 100
0.7~1.2 100
G 7 A FORIEE [mm] M ORIEC [%]

6-1 G771 FORBFERIZRIT HEE X A Vs
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FK6-2KOM6-1 L0, 6 TA bODRATEESE EREELDSHEIT L, FREEOHER M UMK K
fbzmd, —J5, RRAEFHEIE S Rm B L (B 2 523, M RERT ., BokRDOEER
NG T A N OWESIAEZN T X MR S AL Z &2 LT,

LR oT, BEXANOEMELTDG T A MRAIZ0. 15~0. 3mmB#ETH D,

- HARR 7o BE T 1 A O/

WHE 2 A N OBLE T 1 2 B R A TIRE X A L ORE T 0 2 B RE LT, [M6- 2 128E 7 1
T AR OMEEIREEDET NV ERT, AR U726 74 N ORI RO EZ et LB R LD .
B TREOFMHIAZRE Lz, ZOET O A TORS L ME, 6 T4 MIT T v 7 ZAZRE -
WET 2 TR TH D, AEFETIE, 7R HAEARMEIC CRIELZ FE0E L7223, REWLEET 5 I
L TOY—RE - FENESHORETH D,

L 2-7 (v B
o &3
G714} a-5 40" KL F%TE dh J5E AR
- 70%

OGZgLO %r:jn =540 JNE R BE AR
s 30% 200~240 kg/cm® 800~850°C
T =540 b
*D
- L_wir =] wae F—

70% Tm% 7 AMEME: 55~6 0%

T e ST T2 T T

K6-2 YA VRS B R L OHERIEE TV

- BRE S A VRS EEM
Z RN ES O S E RS R 22 6 - 31TRT, WER OB S HROBETIZH 278, AIEE
L7oE 2R L2 b OGO TV D, —F, BE(b - EWEOEMLHEREE T COMR L LCA
HIZREHIZ DWW T b AR aE e et 2 D 5,
F#6-3 BEXANLOWETHE

o B I H ! R OE M WE RS A IV
i F 1.4LLF (3 0%iRAE) 1. 3 2.0~2.4
58 [N/ ¢ m?] 1500 LA | 1800 2000
WK %] 1LOLLF (5% 0. 4 0.1~0.6
BVREHE[W/m- K] 0.5 LT (5 0 %W 0. 55 1.1~1.3
Mg 0 E[B P NI 4 0LL k. ORMD%E) 55 400k
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2) BKtET v v 7 OBIR

- HAGH A ORET

KM « RAMEE TR T D & HCRETH D Z LIIM BN OELEILAZE < 720 FREEAZEEL 22D
HNZd b, Lizhi>T, MR L MEHREILICH 2 T 536, M7 ARGV EETHLH, &
e LTHBRRDG T A ROBEN 7 AR AR L, 77 v 7 Aisy & OFfERERE 32 Lz,
# 6 -4 R LToRA ClEE 2GR A U, BB L AROY., BERliE St L7-, % 6 - 5 ICRBRRE R~ T,
FKMA v H—m X 7T a7 OFERE ITHRE3 00N, cm2Pk, &HAFEK0.1x 10"
Yem/ s PLEZHRARER BIR L LI2SAiid, ARRRIELTZG6 T A b - T A &Gt & LIz B
I . 77 v 7 AN 8 0 @ 2 0 DA THIUL, e T HMEREN/HTONT-, L LEMTOR
DIMEEBETHETT AR (2~4mm) 1 777 ZEFENR8 0 1 2 0BWIH T AH(1~3m
m):GTA 25 : 7Ty AEMN50: 30 : 20 DA RIEEEZDI. 5%, BEZE
PR, AOEL ST &V SRA R A SRR LIVE T D,

#6-4 FAMET v AR

o E H Mk F I = o
FRIAR D EAS G774k (2, 35) DTN NS
H7AHy (1~4mm) 70~90%
A AR AR FE R
(™E - BEETER) AR 10~30%
U7 A NFA R

#6-5 FHEERRER
1 2 3 4 5 6 7 8
HT A 80 85 56
4~2. 36mm
7 A 80
2. 36~1. 4mm
HT A 50 50
4~2. 8mm
T A 50 50
2. 8~1mm
G741 b 24 30 30
3%
G774k 30 30
25
IR A — 20 15 20 20 20 20 20 20

BAIEIL 2.50X101[6.29X101[3.96X 101 3. 19X 101 4. 04X 10| 1. 84X 10| 1. 54X 10 '] 2. 04X 10"
(cm/sec)

B TR 614.0 393.0 354.0 411.0 330.0 382.0 533.0 485.0
(N/cm?)
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- FARH 2 BGE T 1 A DR

[ 6 - 3 1CHE 7 1 2 R OREEIREEDET LA d, ZORNEF otv 2 TORA v M, BEH
ANVERRRIZEMIZ T T v 7 ABIRE - BT TR THS, £, EAKEIEL FILT 5 hiEZEk
%%ﬁéﬁfﬁ%%%&ﬁ%#éiﬁ%igkﬁé AEIORFICIE, @% 7 ey 7 CHERAT L
KD DIRBISOASIC AR L, e T W E 257, 4%, kgﬂﬁ¢5%%VAWT®§m
FAFOFPHRRE K O - Eﬁimﬁu%%@#é

W LA

SE R

| BE AL

B H —=z = woky  e{ s B

ERZEN TT% - 900°C Aif
oo —= nu |

2~ 4nn | A || Tyt ||ygﬂ+ﬂ | HTAEME: 7T5~80%

60% 30% 10%

K 6-3 FHAMET Ty 7 iET o AR OREERRETT L

- BARMET |y 7 RE R
7 AR ER O ERHMIFE R A2 K 6 -6 1R T, TAMEA X —myX T T ay 7 OREMEREET
LRMERIIAE DT, BKMERE, BESOMANE L BEbE i x - b2 B L, RGO
bR OV %ﬁ®ﬁﬁ@ﬁﬁA%®&%f%éoik\iﬁ%%ﬁTﬁ®%%&Uum%&ﬁﬁm
ONT b AEFEZR R 2 1D
%6—65@Mﬁ7ny7@%gﬁﬁ

o & HH H FEfE (LB JEUEfE) AR — 1% A Eh—
FEAEE cm, 5] 0.2 LI E (0.01 L4 1) 0.26 0.21
RAERE(L, m 2] 5.0 LIk 10.8 11.2
HTHE(N, ¢ m 2] 500LLE(300LIE) 614 485
= L 1.8LLTF : 2 5 %ikE: 1.7 1.5

XESESL-1 T2 7Ty 7 A2=80: 2 0i(E
RIENL2 HI92A¥ :GIA R 7997 Z=50:30: 205
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6.3 BHIZIRD L 7o ZReRTL
MIHEREAAN L LT, SRR BT M O AR 2 80E 7 0 £ AOGHI ST, BRZ A L,
BARMET vy 7 OF RRAMEHl £ TER L, Friofi ka1,
DA T 2Hy, BB T AFRIEM G T4 b 7T v 7 AOHAKNLERIHZRE TE 7,
@7 FRME L~V THEIMBHRE TR-RE « 408 TP TRE-BEK TR OEAR G 7 0
T A DBE K OGN 2 AR LT,
@ BFEL L7 AN O RE 2t i 3~ D el Ean N T & 7,

YARHEE, B SIS TR R Db - EREDRPIMEE 21X 5, ARSI A 1
FROEY Th 5,

DFFFRHRE, TEAIEOREL ORET 02 A - BURHRE OB

DI - BEREDIRIERSR (B, ZRPEORER

@FEMIATBE F COMBDROMR (71— B

DL CAFHIF (L C - CO BB R COR)
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