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About this file

Glass recycling is an important environmental and industrial issue that must be addressed. In Japan, local public

technology centers in prefectures and large cities focus on glass recycling research, such as for bottles, lighting,
displays, automobiles, and solar panels. In this file, we summarize the research conducted by these centers on glass
recycling technologies in Japan, including waste glass evaluation, recycling product development, and hazardous

glass treatment.



H ¥k Contents

1. BB T ADOFM Evaluation of Waste Glass........cociieiiiiieiiieeeeeeeeeeeee et e eeeeve e eaeensesaeeseeneenens 5
HEVEREN T R Y A 7 VIZEiF T2 R4 L IERERER  Material analysis and melting test for
automobile Waste lass TECYCIINIZ .........cooiiiiriiiiie e e e e e e e e e e e e arreeees 6
#HART L E (FPD) IZEREINAI T ADFAEL 5%  Survey and classification of glass used in flat-
PANE] AISPIAYS (FPDIS) ...ttt ettt ettt ettt et stete et ese et et eaeete st ete et ensete s eneeeeneeneenens 7
KEGIE RNV OWEE L 5k DOFEli  Evaluation of solar panel structures and components............... 8

2. V%A 7 VELE, DBA% Development of recycling ProdUCES ..........coouieuiieiieieeieicececece e 9
FHALBIGIEC LD H T RAEEoT L U —T7 Z AL Relief tile using bottle glass by slip casting
00 T<] s Lo T IR OO OO O OO ST U PP UP PR OPPPTRUORTOTRO 10
I— )L F¥y X MEICXDENSEE N T X BEo7-E4fish Decorations using kiln-cast fluorescent
BUDE GLASS 1.t e e e e e e e e e et ————aaaaeeeeeeetbbaaaaaaeeeeaatraaraaaaaeeeaaannes 11
TIUERTAERBREERICE DY VBBY H A 7 VI AT A Phosphoric acid recycling system
using granulated sintered bodies of cathode-ray tube (CRT) glass........ccccvviviviiieeieiieieeeeeeenean 12
BHT Ay VR ETHARERANT T AVEREN Decolorized foam glass manufacturing
technology using colored glass cullet as the raw material............ccccccoeiiiiiiiiiiiiiiiic e, 13
REZEHOBWRIET 7 A0BiEHE Manufacturing of foam glass with high environmental
SR O Y 1ottt e e e e e e et — e e e e e e e e eeetb————aaaeeeeaa———aaaaaaeeeaaatbtraaaaaaeeaaanrraaeees 14
TIFEHIRERBICELDESEILT T ADBERFE  Development of glass-ceramics using waste
incineration ash as the main raw material.........ccccoccieiiiiiiiii e 15
WEENRRNHTFZZADY YA 7 VEMRDOBFE Development of recycling technology for LCD panel
Bl it e e et e e e e et e e e ————eaeeeeeeaetb————aaaeeeaaaa———aaaaaeeeeaaabtraaaaaeeeaaaanrraeaees 16

BATG T LT T UNRRNHT T AL B Z A/ Tiles made of steel slag and CRT panel glass. 17
BEOCAZFIA LT ABEAEIZIDBEFE  Development of hydroponics containers using empty bottles

................................................................................................................................................................ 18
FIAHT T A AW T 72— F  Lamp shade with foam glass.......cccooeevevveviiieiiiieceeeeeee. 19
B/ SRIVH T 22 AW R 2R BIZR DB Development of glaze for heat-resistant tableware
USING LICD PANEL GLASS ..vvvviiiiiiiieeieeeeee e e e et e e e e e e et e e e e e e e eeeatarereeaeeeeenannes 20
=B KIUREFHA LN A8 DOBAF Development of glass products using Miyakejima-island
L0 (22N L G2 Y] s OSSPSR 21
3. BEA T ADMHE L HEFIH Treatment and utilization of waste glass ..........cccevveveeeeeeeeeeeeeeeeene, 22
HLy NIENGHHENA T I AEFHFROBE - LEEN Reducing and treating glass-
containing sludge discharged from cullet factory .........cooviuiiiiiiiiiiieieiiiee e e 23
BT U VENTANLBITERIC X AMEINEHT Technology for recovering lead from waste CRT
glass by reduction MeEITING..........uviiiiiiiiiieeeee e e e e e et e e e e e e e et er e e e e e e e e nrraaaes 24
BT IO UENT AEMERREN D DS HIIH Suppression of lead elution from waste CRT glass
IMEIEING TESIAUE....ccciiiiiiiieee e ettt e e e e e ettt e e e e e e e etttbeeeeeeeeeesettaaaeeeaeeseansssraaseaeeessanssssasasaeeessnnssrsnnees 25

BALERERKICZRHALET T RICEENDEELE D SBESN Separation technology for heavy
3



metals in glass using chloride volatilization..........ccccviiiiiiiiiiiiiiiiiieee e e e 26
BT 79 BT AN DEMENFEME R S LT Evaluation of lead leaching from waste

CRT glass and leaching prevention te€Chnology ............coooiiiiiiiiiiiiiiiiiieeee e 27
BE FPD "XV H T 2R ZFIH LRMAR F 7 0¥yl Suppression of dusting in steelmaking slag
using waste FPD panel Glass...........uviiiiiiiiiieeee ettt e e e e e ea e e e e enens 28
BRFECOT I A vy hOBEFIA Effective use of glass cullet in melting furnaces................. 29
BEMEREEDBERIKOWBE « Bt Volume reduction and solidification of radioactive waste
INCINETALION ASN..uiiiiiiiiiiii et e e et e e e et e e e e setb e e e e sttaeeeeebaaeessstbaeeessssaaessssseeeenssrenens 30
4, BETEIB I TOPICS ..vveveeeeeeeeeeeeeeeee ettt ettt ettt et et e ettt et et e et e ettt 31
I—a yNNEBIFBEIHTTFAIY YA 7 NVHE Topic - Glass recycling survey in Europe.................... 32
EF - TEA~OFH Topic - Use for arts and Crafts .......ocveeeeeeeeeeeeeeeeeeeeeee ettt 33
HENDH T A Y YA 7 )VEH| Topic - International examples of glass recycling.........c.ccoeveveveenenn.. 35

E ZAUTPDF AL LTS, R—=UEFROBMMBE L, ZENDH 1=V L LTHET,

H BB H &K
BB — D

BE T 7 A YA 7 LELEL B UL
ERE(il] B K | B, HEREREE | A 2D R
JEEEERS | T .
Z DAt
BE | T Ak 14 19 30
7| OA 10, 13 18 29
Z =g
AR | BEhE
N NS Vas Vi
| & | me 11 11
W | TA AT Ly 7 12, 17 20 16 24, 25,
= 26, 27, 28
W e 5 48—
e
(g
FEFEY) . AFIHEIR 17 21
* EEAY



1 . J% jj‘ 3 X 0) ﬁﬁ Evaluation of waste glass
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BEIEREASRAUYAS VNI -RHMD T L BEEER  Material analysis and melting test for

automobile waste glass recycling
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Target glass parts
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X-ray fluorescence analyzer for the
chemical composition analysis

3 WEMEDOT T AV T
Glass samples after melting
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For the effective use of automobile waste glass, which is generated in large quantities as industrial waste, we
collected information on the glass materials used for different parts through chemical composition analysis using X-
ray fluorescence spectrometry and melting tests in an oxidizing atmosphere. Composition analysis revealed the

presence of various heavy metals in the coating material on the glass surface. Stable vitrification was confirmed by a
melting test at 1200 °C. Thus, heavy metals can be retained in glass through heat-melting treatment.
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7Ty bNFRIT 4 AT L4 FPD AT BT
#EETLE (FPD) ICEREINBIHTSADRELE S  Survey and classification of glass used in
flat-panel displays (FPDs)
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Fig. 1. Survey on the current status of FPDs Fig. 2. Chemical composition of liquid crystal display
(LCD) glass
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We collected 100 discarded FPDs, and conducted a survey of the manufacturer, date of manufacture, and weight of
different materials of different sizes (Fig. 1). Based on the results of the chemical composition analysis of the glass
used in LCDs via X-ray fluorescence spectrometry, LCD glass was classified into six groups (A—F; Fig. 2).

Even for televisions produced by Japanese manufacturers, some parts, such as panel components, are procured
overseas. Moreover, the glass types used are increasing. Therefore, the manufacturing information of the panel part
is important for recycling.

The characteristics of FPD glass vary significantly depending on the product and manufacturing time. In particular,
the fine and complex structure of FPD glass impedes the separation of the glass content. Thus, FPD glass cannot be

recycled.
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A/ RRILDIEE & EBHDEEM  Evaluation of solar panel structures and components
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; 0 ® (a) Scanning electron microscope image of the
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B Thermal analysis results of the ethylene vinyl acetate
0 100 200 300 400 500 600 (EVA) resin in air
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Solar panels, which have rapidly become widespread in recent years, have a lifetime of 25 years, and are expected
to be discarded in large quantities by the latter half of the 2030s. Solar panels have a complex structure.
Approximately 70% of the panel weight is cover glass, which is firmly bonded to other parts with EVA resin, making
it difficult to dismantle and separate the parts. We examined the structure of the solar panel and conducted elemental

analysis of the cross-section to determine a method for dismantling and recycling solar panels. Furthermore, we
conducted chemical component analysis of the cover glass and thermal analysis of the EVA resin.
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2. VY4 0 IILEEDOREF

Development of recycling products
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YT A HRAB IR HRIRBERL, V) — T 2 AL
FHAABHEICLDEVDHSIREFE>T-L)—T 24 JL Relief tiles using bottle glass by slip

casting method

JER DR 3D T L7 D R=D =il

Prototype design 3D-processed prototype silicone resin mold

HTG—=N) =g EBERLY —T X AL
Relief tile with abundant color variations
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BERN TN =g ISR OIG I L D b D TY,

Bottle glass and gypsum powder were used as raw materials to develop relief tiles with complex irregular shapes
and abundant color variations. These features are obtained by a casting method using a silicone resin mold that
utilizes the self-hardening property of gypsum and low-temperature firing below 800 °C that utilizes the low-
temperature melting property of bottle glass. Thus, low-cost manufacturing is possible without the use of
expensive molds. The abundant color variations are ascribed to the application of ceramic decoration technology.
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WHAEH T A H T AL/ Efi % A L
AO—)LERFXF Y RAPMERICEDERAEASRAEFE > -EAM&H Decorations using kiln-cast

fluorescent tube glass

%

WG Fluorescent tube
iﬁﬁ%%%lwt LA i
Ornaments made by baking fluorescent tubes
&??%%&%ﬂ%@ﬁ%%ﬁﬁ%ﬁ?ﬁﬁ%ﬂ¢?
B
Wall decoration using the fabricated ornaments
(Izumisawa Elementary School, Chitose City, Hokkaido)
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TR RS A NV LE LT,

When the glass cullet of the fluorescent lamp is placed in a mold made of refractory gypsum and heated to 800 °C,
the glass forms a single body through the kiln-casting method, resulting in an opal-like pattern appearance. This
pattern was attributed to the thin film on the tube interior of the fluorescent lamp. The pattern became more vivid
when combined with colored glass. To utilize this property, we developed accessories and decorative tiles.

[(7—%)
SEXR -

FREFIEATML, BERORE N T AD Y B A 7 W2 K 23S OBH%E, AbHE 7 T3 BRGH#E

No. 296, pp. 27-32 (1997)

FREPIEAT, B S AT A 7 X A T, BEFEW P T RARAE C&G 55 3 5. pp. 20-21(1999)
FEREAEOEAT “HE” BOY BT RE LIS, AR, 1997 4 1 7 18 AT
Inano, H., Akemoto, Y. & Asakura, K. Upcycling of fluorescent light tube glass via kiln-casting using its
properties. Glass Struct Eng (2022). https://doi.org/10.1007/s40940-022-00199-5
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http://www.hro.or.jp/list/industrial/research/iri/jyoho/reports/296/0302TG0050.pdf
https://link.springer.com/article/10.1007/s40940-022-00199-5
https://link.springer.com/article/10.1007/s40940-022-00199-5

T T EININTT T RS TERIBERGAR, ) VR A IV AT A
TS5OVERNSRENBERICKD ) VEBEY YA DI XT L Phosphoric acid recycling

system using granulated sintered bodies of cathode-ray tube (CRT) glass

HbseL L THRHE .
g W AHCI ToHT OIS
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v

— DD kR

10 7T ENRNAT T AEFEE LTz ) CBRREM

Phosphate adsorbent made from CRT panel glass
2: UL A 7Ly 2T LO&X

Diagram of a conceptual phosphoric acid recycling system
i SNV UERAEITENE LTz U o RRAEE o0 20 RilBR

(R LT & AW JEG 3 5R)

Effectiveness of the phosphate fertilizer using recovered phosphoric
acid as the raw material (cultivation test using spinach)

TLEDT T ENRNTT T AR ER U LA TINERIERBER L TEILE OB RZ S E L
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Porous glass materials (PGMs) are prepared by sintering after extruding the glass powder derived from the CRT
panels of televisions. By evaluating the phosphoric acid adsorption capacity and degree of waste of PGMs in livestock
wastewater, their performance was confirmed for practical use. The fertilizer effect of calcium phosphate recovered

from livestock wastewater using PGMs was equivalent to that of commercially available phosphate fertilizers.
Therefore, this recycling system addresses three tasks: recovering phosphorus from wastewater, recycling it into
phosphate fertilizer, and glass recycling.

(7—%1
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https://www.iri-tokyo.jp/uploaded/attachment/1193.pdf
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BEH 7 A/ BERL + FEIR,/FEIAH T A+ it
BHSRAALY FERBETHIHRBRAT S XEBBAT Decolorized foam glass manufacturing

technology using colored glass cullet as the raw material

%
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ALy X

ey oo,
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The foam glass manufacturing uses waste glass. Thus, we have developed a technology to produce decolorized
foam glass from an inexpensive colored glass cullet by adding zinc oxide and a small amount of silicon carbide to

the foaming agent. The resulting decolorized foam glass can be used for visual applications where the use of colored
foam glass is limited.

[7—4]
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FEH T A BERL. FEIERIAT T A BRI
BEZSMHOEVWRAHTSADORESZEK Manufacturing of foam glass with high environmental
safety

[fRiRLT=RAH] [HEkRDRER]
SAASAOFM-ELBEOBELEN | BASREEMELTHELLRAHTR
#il 9 B AMF OKERIE ALV LF)EMA DB E RN ZEREESN T, &
BoLlckY AERESEREABSETICE [\ EENERAHSANDER. AIOLE
FHUISKWRAASAOMEN TR | | | BLEABHT o LABELAREEN
=, TLV=,
[ BHZR ]
‘ Fia#l \ < ne > ‘ Fm#l \
v i
28 3304 E3

[ gAHSA ]

1 Al 7 A0RE7 v—
Fig. 1. Flow process of the manufacturing of foam glass

WL 7 2L | HAIREZ ETIRAW % T00°CLLE 1100°CLA T DR THwL - ia S, B,
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JEN OGP SN D PNAEDFEN 7 AFIHTEET,

ZOEMICEY | BEN T A &GRS LT, BREL MR SN RN T AL /ETEET, £,
I T A%, BEREAREM, BEHEM . KEFHEFICRHTE £,

Foam glass is manufactured by melting and foaming a mixture of pulverized glass and slaked lime at 700—-1100 °C.
This process disperses the calcium component in the resulting foam glass. Using this approach, waste glass, such as

bottles discharged from households, can be used as a raw material in the manufacture of environmentally safe foam
glass. Foam glass can be used in light-duty civil engineering, gardening, water purification, and other applications.

(7—%]
2 P UINE

- ARF =AM, BT T AORGEFER ORIWH 7 A, KB 2005-132714
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BT Z A BEHIR BILERC L D REd R b T A 2 A v a7 U — F B
TIBARERBICEIERIETSADBFE Development of glass-ceramics using waste

incineration ash as the main raw material

112 1: 0720, #idbdZ 20h)
Images of glass (left) and glass-

3

Schematic of glass-ceramics
3 : Kinn b 7 Ak SEM 5
(ZECER LV 5IH)
SEM photograph of the glass-ceramics
fracture surface
(cited from reference).
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‘ 3 ceramics (right)
\\\ 9 Hhd LT T ANERA A —

IIBEENT T 2 N p ETHEEMNBERI S s & X CHEE SN D ERT I IBEANK A, BT AJFE N v F
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Z LT, BBk AR AT A & T A RS RIS R0 T — Y MERDHTE LSRR b T R B AE
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ary7 UV —MHEME L TOMRRICHIEHNTE E, BOILTD LNRWEEEIKOFIHTIED O E S &
L THIfF SN D80 T
Municipal waste incineration ash, which is discharged when waste is incinerated at garbage incineration plants, is
used for over 60% of raw glass material and is melted in a reduced atmosphere to produce glass. By subjecting glass
to a heat treatment process, glass-ceramics can be produced, in which anorthite crystals are precipitated by volume
crystallization using iron sulfide as the crystal nucleating agent. This material can be molded into tiles as a building

material and used as an aggregate for concrete. Therefore, this technology produces an approach for using incineration
ash, which until now has been disposed in landfills.

(7—%]
SEXH -

Tanaka, M., Suzuki, S., Imai, T. and Kaneko, T., J. Ceram. Soc. Japan, Vol. 113, pp. 573—
578(2005) https://doi.org/10.2109/jcersj.113.573
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W/ SRV TT T ARG EN . IRIESERR, 7 A 8T I v 7 A
BERINRILHSADYH A 2 IILEMDBESE Development of recycling technology for LCD panel
glass

2 TARME—REEH

Fig. 2. Test piece coloring example
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Fig. 1. Glass-ceramics using LCD panel glass
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With the widespread use of FPD products, such as liquid crystal televisions, the rapidly increasing amount of
discarded FPD glasses has become a pressing issue; however, an effective recycling technology is yet to be
established. Focusing on the use of FPD glass as a high-quality raw material with a characteristic composition, we
developed a material recycling technology that can effectively utilize waste FPD. In particular, glass-ceramic
materials with excellent electrical and mechanical properties were manufactured using at least 50% crushed waste
FPD glass fired at a low temperature of 900 °C or less.
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SRR Z 7 T ETTT RG24V
BMASTETSTOUNRRIWVASIRIZE B2 AJL  Tiles made of steel slag and CRT panel glass
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Test results of heating with different slag/glass ratios
and firing temperatures
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Sample mixed at a slag/glass ratio of 70:30 and heated
at 1000 °C.

i iR LB Bending strength test
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A total of 20 million tons of granulated blast furnace slag (iron and steel slag), a by-product of the steelmaking
process, is generated annually in Japan. This material is primarily used as raw material for cement. When iron and
steel slag are mixed with glass powder and fired, sintering, foaming, crystallization, and melting occur depending on
the mixing ratio and firing temperature. Thus, we developed architectural tiles that meet the Japanese Industrial
Standards (JIS) requirements for the bending strength of ceramic tiles by mixing steel slag and lead-free CRT panel
glass, followed by molding and firing.
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+ Miyako Takeda et al., Preparation of ceramic tiles from granulated blast furnace slag and CRT

panel glass, Proc. The 13th Pacific Rim Conference of Ceramic Societies (PACRIM13) (2019)

PHIERRRE « =Rl T3, (Ml) AWV SR S e
W REE - () BREMBRBE S, AARER (B, RA#kt A b #R)

AR - (M) B SR S AR FEpiE = 1L — - B35 - MUEHFIERT
BB G BREE S AT L/ V—7 Tel. 011-747-2935 (BREE s A7 A[HiH)

17


http://www.hro.or.jp/list/industrial/research/iri/jyoho/casebook/19/example/17.pdf

BT TR H T AT IR
BEVAZFRALE-KBIERB[OBERE Development of hydroponics containers using empty

bottles

KB+ v b Hydroponics kit

ACRETLHIPER 2l > TR O AR, KESEOFRIEENLDY L Lz, Zhid, AL TA
. REHN T ZADEIETHOE G ZIRT E LT,

ZDFAR L AXT VOB EDET KBS > b 13 BRIROE 284 L7220 bAER N O
EERLDET,

KEHEF Y MTTHITOTHRZ V=7 OB & 2T T, ZECAETHAO VA b7 2 BRIRITIEN O E5
O THEENE L GFEEFREL TWEEA),

Bottles of sake made from Ebetsu rice in Hokkaido have been repurposed into hydroponic containers. This process
involves heating an empty bottle to widen its mouth using the blown glass technique. The “hydroponics kit,” which
combines the above-mentioned container with lily of the valley bulbs, allows users to enjoy blooming flowers, while
observing the bulb growth.

This hydroponics kit was developed through the efforts of a citizen group in Ebetsu City. Empty bottles were
provided by the restaurants in the city, and bulbs were provided by the farmers in Hokkaido (the kit is not currently
available for sale).
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AV NSRATT A EHMES T T 2=
RAHSRAERAWES> T 2—F Lamp shade with foam glass

ALy bERIZFEE BRUFTHERL - i
Filling the mold with cullet Firing and foaming in an electric furnace
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Internal processing after demolding Completed lamp Use of the lamp to warm a space
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Foaming agents, such as calcium carbonate, are added to and mixed with finely pulverized waste glass, resulting in
a cullet, which is then filled into a mold and fired in an electric furnace to produce foam. After demolding, the interior
was hollowed out to produce a lamp shade.

The glass type and manufacturing conditions can be changed to create variations in color and translucency. A
finished lamp shade can be used to create a warm space.
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RSNV TT T A R Tt B a4
BRNARILASRAZAVE-TMREBEZAMEDBRIFE Development of glaze for heat-resistant

tableware using LCD panel glass

1: B L7pideT 2 bE— 2 (BAA)
Developed glaze test piece (color sample)
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Passed the heat resistance test using open flame
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Prototype heat-resistant tableware
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The panel glass used in LCDs is a special glass with composition and physical properties that are significantly
different from the general soda-lime glass used for window glass. Therefore, effective technologies for recycling
these materials have not yet been established. Focusing on the characteristics of LCD panel glass, such as its low
thermal expansion and alkali-free composition, we developed a low-expansion, glossy, and transparent glaze that can
be applied to earthenware pots and heat-resistant tableware, which is expected to have high added value. This glaze
was used to produce heat-resistant tableware that could be used over an open flame.
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SEEBNUREFALEAS AB G DOBFE Development of glass products using Miyakejima-island

volcanic ash
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Miyake glass prototype
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Crafts using Miyake glass
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Clear and aesthetic blue soda-lime glass was produced using volcanic ash from Oyama, Miyakejima-island, which
erupted in 2000. The clear blue appearance was mainly attributed to the iron in the volcanic ash, which was obtained
by melting in a reducing atmosphere. In addition to its characteristic color, the quality of glass is the same as that of

commercially available glass products. The resulting glass was named “Miyake glass.” This glass has been
commercialized for glasses and plates with several released products.
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Treatment and utilization of waste glass
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ALy FIBHOHEINIASASEFEDEE - LEE T Reducing and treating glass-

containing sludge discharged from cullet factory
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Fig. 1 Schematic of the introduction of this technology to glass cullet production
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[Background] Glass bottles are pulverized into glass particles, called cullets, and reused for various
glass products. Sludge, which contains glass particles, label paper, and moisture, was generated from
the cullet factory. As sludge disposal is costly, sludge reduction technology should be developed.

[Characteristics] We proposed the following processes for reducing the amount of cullet sludge: (1)
separating and recovering glass particles by wet classification, (2) using microorganisms to decompose
paper labels in sludge, and (3) a combination of the above two methods.
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7T ETT TR TRICERL $h TR
BITSHUEAS ADLETEMIC & SEREIUNEHMT Technology for recovering lead from waste
CRT glass by reduction melting
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Television CRT
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Cullet of a CRT funnel
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Sample of a reduction-melted funnel

(precipitation of lead)
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The funnel glass at the rear of the CRT televisions contains approximately 25 mass% lead oxide,
which poses difficulty in its disposal. Lead is a useful electrode material for batteries. Lead oxide in
funnel glass can be easily reduced by adding a reducing agent and melting at 1200 °C, thereby
obtaining metal lead. However, lead cannot be separated owing to the high viscosity of glass. To
address this, adding a viscosity-reducing agent, such as sodium carbonate, can reduce glass viscosity.

Subsequent melting results in the precipitation of the generated lead, which can then be separated
from the glass and collected.
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separation mechanisms from lead silicate glass by reduction-melting, J. Ceram. Soc. Jpn., 126,
pp. 595-601 (2018). https://doi.org/10.2109/jcersj2.18090

BHZERERE « (Muah) dbifmE e A rserits T Bris
RIWEbee o (k) JbiEE SR S e = 2 L — « BREE - MU IFZERT
B GTABREE Y AT AT —7  Tel. 011-747-2935 (Ba5 s A7 ANEI#)
24


https://www.hro.or.jp/list/industrial/research/iri/jyoho/reports/304/304_09.pdf
https://www.jstage.jst.go.jp/article/jcersj2/126/8/126_18090/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jcersj2/126/8/126_18090/_article/-char/ja/
https://doi.org/10.2109/jcersj2.18090
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BISOVEHS RAAREREDN S DOMBHINHE Suppression of lead elution from waste CRT glass
melting residue
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Fig. 1. Process of the lead removal from molten waste CRT glass by chloride volatilization
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Lead can be recovered as a metal by reduction melting of lead-containing CRT funnel glass. However,
approximately 1 mass% lead remains in residual glass, which limits its effective use. In the treatment of residual

glass, lead is removed by chloride volatilization and stabilized by oxidative melting, which maintains the elution of
lead below the standard level and allows the effective use of the obtained products.
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7T ET TR AR R OB E
BILERRIGEFRALEASRICETFNIEERO BB Separation technology for heavy

metals in glass using chloride volatilization
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Pilot-scale plant for chloride volatilization treatment
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CRT used in televisions uses lead glass, which contains a high lead concentration. Thus, the chloride
volatilization method separates heavy metals from glass, which contains lead and other heavy metals,
thereby obtaining nontoxic glass. Chloride and hydroxide are added to lead-containing glass, which
volatilizes and removes lead via high-temperature heat treatment. Laboratory studies have confirmed
that lead in glass can be separated with an extremely high removal rate of 99.9%.
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BISOVEHSANDDHRBHFHER VRE LB Evaluation of lead leaching from waste

CRT glass and leaching prevention technology
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Lead-containing glass can be recycled as flux for lead refining; however, it must be temporarily stored at disposal
sites because of its low annual demand. To suppress lead leaching at disposal sites, we evaluated the leaching
mechanism and examined different leaching suppression technologies. The lead-containing CRT funnel glass that
leach lead into aqueous acidic solutions can be addressed by controlling the diffusion rate. Leaching ends when the
lead ions are saturated in an aqueous alkaline solution. Leached lead is absorbed by the acidic soil. Thus, under
conditions of moving groundwater, weakly acidic groundwater results in a smaller amount of leaching to the external
environment. To further reduce the amount of leaching under acidic conditions, glass was subjected to acid and heat
treatments. These treatments resulted in a silica glass-like structure on the surface, which allows for a large amount
of suppression of lead leaching.
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BE FPD NRILHSAZHALERMR S T DM EHNF Suppression of dusting in steelmaking

slag using waste FPD panel glass
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Fig. 1. Mechanism of dusting in steelmaking slag and mass solidification by boron addition
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Currently, the slag discharged from steelmaking processes tends to be difficult to recycle and handle
because it is dusted into micron-sized particles owing to volume expansion during cooling. Therefore,

boron-based modifiers have been used to suppress dusting. However, securing expensive boron
sources has become an important issue.

FPD glass, such as LCD, is a borosilicate glass that is expected to be discharged in large quantities
in the future. Experiments have confirmed the use of current modifiers to partially replace them,
resulting in their great potential as boron sources in the future.
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BRFTOHSIRAALY FOEZIFIFE Effective use of glass cullet in melting furnaces
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Fig. 1 Example of the use of cullet in an incineration plant Fig. 2 Viscosity characteristics of slag

melting furnace
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Some incineration plants melt and solidify the generated incineration ash into slag to reduce, stabilize, and recycle
waste. In such cases, natural sand may be added as a modifier to decrease the basicity (CaO/SiO), thereby
suppressing the erosion of refractory materials. Thus, we examined the possibility of using glass bottle cullets as an
alternative to natural sand (Fig. 1).

By measuring the viscosity of slag at the same temperature, the slag obtained by adding cullet had a lower viscosity
than that of sand slag made by adding natural sand to incineration plant ash. When operating a melting furnace, the
cullet can lower the temperature by approximately 50 °C (Fig. 2), thereby suppressing the erosion of the melting
furnace refractory materials and allowing energy conservation. Moreover, the cullet used can be a mixture of different
colors (e.g., colorless, brown, red, and green).
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WEMEREEYREFAMEKDOBESE - B Volume reduction and solidification of radioactive waste

incineration ash
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Fig. 1. Storage of low-level radioactive waste
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Fig. 2. Suppression effect of radioactive substance elution
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Low-level radioactive waste that contains radioactive isotopes (RI) generated from research institutions, hospitals,
and other establishments is stored in drums in a volume-reduced state by incineration or compression processing, or
in an unprocessed state (Fig. 1). As low-level radioactive waste incineration ash has a low specific gravity and can
easily scatter, securing its storage space, safety, stability, and handling are among the persisting issues for this material.
Moreover, a safer and more stable processing method is required.

Therefore, simulated incineration ash without RI and pulverized glass cullet were mixed, molded, and sintered at a
low temperature of approximately 800 °C. As a result, compared with incineration ash, the solidified material exhibits
impact resistance with a greatly improved elution suppression effect, and an RI elution suppression effect can be
expected (Fig. 2). Moreover, a volume reduction rate of at least 50% was achieved. Therefore, the resulting material
can be used for the treatment of high-level radioactive waste from nuclear power plants.
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A—AYRIZHFEHSIRYY AV IIHAE Topic - Glass recycling survey in Europe
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- Bottle collection box for colorless glass in cities
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Returnable drinking water bottles (not standardized)
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Bottle collection device at supermarkets with receipt issuance

HBE|X9XTY 4 —> (All photo in Vienna, Austria)
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In 1997, we conducted a glass recycling survey focused on glass bottles in Austria, France, the Netherlands, and
Germany. The survey included waste collection institutions, waste disposal sites, glass-related institutions, sales and
collection of beverages at actual supermarkets, and roadside bottle collection boxes.

The lifestyle of consuming large quantities of wine and bottled water, principle of cost sharing, and historical

background in Europe differ from those in Japan. Therefore, we have found that European social systems for
collecting bottles and social infrastructure for bottle recovery are different from Japanese systems.
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Efir - TEADFA Topic - Use for arts and crafts
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Waste glass is used not only for industrial purposes, but also as a material for crafts and decorations, by taking
advantage of its characteristics!. Cullet is melted and fabricated into a tableware and flower vases using glassblowing
techniques. Cullet can also be effectively used to building materials and as decorations in buildings. Some
representative examples are introduced below.
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ORI T ADT Ly ME, —RICTETlEbh Fig. 1. Glassware made from automobile
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1. Use in glassblowing

The use in glassblowing as raw materials from empty bottles, fluorescent tubes, and other glass materials can be
seen nationwide. In post-war Okinawa, empty glass bottles from the stationed U.S. forces were melted and made into
blown glass products. At present, a glass workshop in Otaru City, Hokkaido produces tumblers and Kiriko glass by
melting automobile window glass?®. Moreover, workshops have been operating nationwide to increase the citizens’
awareness of recycling, with the cooperation of the government.

In some cases, instead of completely melting the bottle, the original shape of the bottle is preserved and deformed
by heat (e.g., p. 18 of this case study collection). Moreover, the chemical composition of the cullet for bottles and
plate glass is different from that of the glass materials that are used in crafts. Hence, the different workability of the
materials during molding and thermal expansion characteristics should be considered.
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2. Glass decorative building materials

Decorative building materials are made by utilizing the texture and transparency of glass. Examples include glass
building materials made by placing sheet glass cullet in a mold, firing it, and devitrifying for the walls, floors, and
fixtures of a boutique shop®. The fluorescent tube cullet can also be used similarly for aesthetic applications (p. 11
of this case study collection).

Since the 1970s, terrazzo or artificial marble that uses the colors of glass cullet has been manufactured™. The
terrazzo technique was used to create highly designed building materials and ornaments, while maintaining the
original shape of the empty bottle, as shown in Fig. 2. Moreover, this technique has been used in the relief at the
entrance of the Yokosuka City Recycle Plaza, “Aicle.”

Used bottles hot-casted recycled glass sculptures are used instead of naturel stones in a zen garden in Kyoto?).

However, the amount of glass for glassblowing and building materials is relatively small. Thus, these techniques
are not meant to reduce waste disposal nor landfill volume, but rather provide a high value-added effective use that
utilizes the properties of glass, such as color, texture, transparency, and shape.

SZEX#Hk Refernces:
1) FREFEETIT: ALy Fo#i4ei, NEW GLASS, Vol.16, No.2, pp.33-37 (2001) [in Japanese]

2) ~¥7 v 7 7 aX 7 : matec-products.jp

3) WJIIAE ¥ L% : https/fukagawaglass.co.jp/

4) talkshop &1~ Tokujin Yoshioka, AXIS, 57, pp.64 (1995)

5) A{RMER Shiro Kuramata (BFi=m#wm2), MHENEANT VA v =— L ERME (1996)
6) —FjE 1 Michiko Miyake: http://www.tamabi.ac.jp/kougei/glass/staff miyake_michiko.html
7 VEHTAN IEREE T AOFELIZK Yukito Nishinaka, Honen-in temple:

https://nishinaka.com/honenin.html
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Closed-loop recycling is recycling from one product to another of the same product, such as from one
bottle to another. In addition to this approach, other examples are introduced in this section.

In the United States, the publication “Reuse/Recycling of Glass Cullet for Non-Container Uses”?
summarized worldwide glass recycling processes during its first publication in 1994. This publication
is available as a volume of 134 pages in English and can still be obtained today as a PDF file.

In Europe, The Delft University of Technology in the Netherlands has attempted to recycle different
types of glass23. The recycled glass was tested for strength and used in buildings. In Bulgaria, glass-
ceramic tiles have been developed from ferronickel and molten fly ash waste®. In Italy, foam glass, glass
ceramics, and stoneware were developed using CRT or other glass at University of Padua®. And ceramic glaze and
foam glass were developed from fluorescent lamps, and building materials were developed from CRT and bottle
glasses at University of Modena and Reggio Emilia®).

In Taiwan, crafts are made from glass, such as empty bottles?. Moreover, in partnerships with
designers, products with higher added value are created. Cement was also added to LCD glass and
heated to manufacture foam glass, which is a heat-insulating material®. Porous glass has been
developed from LCD panel glass and is used as an adsorbent for water purification?. In South Korea,
lead-free CRT panel glass has been developed as a raw material for concrete aggregates and bricks!0.

SZE3HK : Refernces

1. h‘gtpsil/archive.epa.gov/wastes/conserve/tools/greenscapes/web/pdf/glass.pdf
2. T )7 F TRKZ TU Delft Re3 Glass: https://www.restructeroup-tudelft.nl/re3
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10.

T. Bristogiann and F. Oikonomopoulou: Glass up-casting: a review on the current challenges in
gl . p . . . .
glass recycling and a novel approach for recycling “as-is” glass waste into volumetric glass

components, https://link.springer.com/article/10.1007/s40940-022-00206-9

Alexander Karamanov:

https://scholar.google.com/citations?hl=en&user=rywW4MEAAAAJ &view_op=list_works&sortb
y=pubdate

Enrico Bernardo: https!//www.researchgate.net/profile/Enrico-Bernardo-2

Fernanda Andreola - Reserch gate: https://www.researchgate.net/profile/Fernanda_Andreola

3. Glass pool: https://www.glasspoolstore.com/

Discovery ¥RFEAHIE [ RIBIEIEY « #AEFRHE) © https://www. youtube. com/watch?v=0fc8wmpmlEw
TEEFNAIZERE (B s 7 A ) Y%A 7 )L, LCD Waste Recycling System (Industrial Technology
Research Institute, Taiwan):

https://www.itri.org.tw/english/ListStyle.aspx?DisplayStyle=01 content&Site]D=1&MmmID=103733353243
2522160&MGID=1037350654202216363

##[E Lee, JS., Yoo, HM., Park, SW. et al.: Recycling of cathode ray tube panel glasses as aggregates of concrete
blocks and clay bricks. ] Mater Cycles Waste Manag 18, 552562 (2016). https://doi.org/10.1007/s10163-015-
0350-6
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