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Abstract

This study was carried out to get the optimum conditions for manufacturing high refractive glass beads from waste
fluorescent lamp glass. Chemical composition, X-ray diffraction pattern, particle size distribution, refractive index of glass
beads, and the effect of air mixing ratio and ejection rate were investigated. The obtained results are as follows. The X-ray
diffraction pattern and chemical composition of glass beads made of waste fluorescent glass are similar to common glass except
ReO, 0.0108 wt%, BaO 0.071 wt%, NiO 0.0039 wt% and CaO 7.8 wt% but 11.7 wt% of common glass. The glass beads made
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of waste fluorescent lamp glass have the narrower particle size distribution of and the higher refractive index than the glass

beads made of common glass. The optimal conditions of kiln operation for manufacturing glass beads from waste fluorescent

lamp glass are 20 m/sec of ejection rate, 1.7 of air mixing ratio, and 940°C of temperature.

Key words : Air Mixing Ratio, Ejection Rate, Glass Beads, High Refractive, Waste Fluorescent Lamp
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Fig. 1. Monthly collection ratio of waste fluorescent lamps
in Seoul.
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Fig. 2. Estimated amount of waste fluorescent lamps in Seoul.
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Fig. 3. Fluorescent lamp recycling facility (company of C).
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Table 1. Annual lane repainting market size by OECD countries (estimated)

Repainting extension (km/yr, 50% presume) 1 year repainting cost (KRW 100 million)

Country E)i\fl);sss Ne;gi;)(rllal Pror\(/):ljial Other E)if/);sss N?I)i;):llal Pror\(/)iarg:ial Other Total
Japan 2056 27716 64688 511981 93 1003 2341 18525 21962
USA 36683 12149 935839 | 2290778 1665 440 33861 82887 118853
England 1878 24519 - - 85 887 0 0 972
France 5825 4449 188983 333175 264 161 6838 12055 19319
Germany 6459 19695 89036 206500 293 713 3222 7472 11699
Italy 3350 10750 73700 156050 152 389 2667 5646 8854
Spain 1513 11767 69401 250527 69 426 2511 9065 12070
Netherlands 1329 1231 3901 63187 60 45 141 2286 2532
Norway - 5223 22167 19518 0 189 802 706 1697
Sweden 1029 6806 41453 244139 47 246 1500 8834 10627
Swiss 906 8955 25904 - 41 324 937 0 1302
Denmark 604 1315 - 35285 27 48 0 1277 1352
Greece 599 4650 15433 37800 27 168 558 1368 2122
New Zealand - 5438 41811 - 0 197 1513 0 1710
Luxembourg 74 419 946 1175 3 15 34 43 95
Mexico 4587 20406 42538 121931 208 738 1539 4412 63898
Belgium 882 6450 675 69000 40 233 24 2497 2794
Slovakia 210 1769 1809 23616 10 64 65 854 993
Iceland 21 2193 1503 2757 1 79 54 100 234
Ireland 449 2204 5816 39479 20 80 210 1428 1739
Australia 25709 90648 - 320068 1167 3280 0 11581 16028
Austria 860 5240 11820 44377 39 190 428 1606 2262
Czech Republic 388 3125 24368 37460 18 113 882 1355 2368
Canada 8500 43000 57500 595500 386 1556 2081 21547 25569
Turkey 1064 15671 16078 161522 48 567 582 5844 7041
Portugal 1369 3127 2210 4375 62 113 80 158 414
Poland 741 8907 76877 121042 34 322 2782 4380 7517
Finland 405 6666 6783 25607 18 241 245 927 1432
Hungary 781 3515 11585 85775 35 127 419 3104 3685
Chile - - - - 0 0 0 0 0
Slovenian 385 410 2568 16074 17 15 93 582 707
Israel 233 3071 - 6109 11 111 0 221 343
Estonia - 2007 6239 21149 0 73 226 765 1064
Total 108884 363485 1841622 | 5845949 4942 13152 66635 211524 296254

*source: Korea Construction Life Environment Testing Institute (2018)

A 252 Zeet F3lEdE A7 F- Glass Cullet A Az 2ol 282 vl F-83 Ad-gtes A
JHZ 2= A7k 7] de= HuEct 53] 2 AA =2 AdA= B A A AR Table 104 B
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Table 2. Experiment contents

| Fluorescent lamp |

| 1 Step Crushing ‘ Glass (Cullet) |
&« Screen (Al, Plastic, Powder)

Screen (Glass) —

| Heating ‘ Mercury removal |

| 2 Step Crushing ‘ Crushed glass (Particle) |

Crushed glass
(Particle—Bead)

Cyclone Heating
(Particle surface heating)

| Cooling ‘ Glass Bead |

| Analysis \ XRF, SEM, ICP |
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80
Component  Recycled Glass (wi%)

70 Si0z 70.2
MgO 312
Cal 5.68
60 Alz0z 2.21
Ma:z0 15.9
K20 1.12
0 P20s 0.06
TiOz 0.47
0 MnO 0.004
Fez03 0.1
Sro 0.22
30 Zr0z 0.02
PbO 0.02
BaO 0.44
20 As203 0.02
Sb20s 0.02
0.01
10 0.02
0.06

Fig. 7. Chemical composition of law material glass made
from fluorescent lamp powder (ICP).
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Fig. 6. Recycling glass bead process flow.
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Component  Glass Bead 1 (wi%)  Glass Bead 2 (wid)
Sio2 803 81.6

1
20 2 Mgo 429 364
3 CaQ 117 781
4 Al203 Al 257
70 5 Naz0 169 205
6 K20 0.497 172
7 P20: 0.0221 0.0454
50 8 503 00331 00309
9 cl 0.006 0.0065
50 10 TiOz 00434 0.0755
11 MnO 0.0106 0.0104
12 Fe20: 0.213 0213
10 13 0003 00001 0
14 CuQ 0.0034 0.0037
30 15 Rb20 0.0028 0.0051
16 sro 00121 0031
17 Zr0z 007144 0.0287
20 18 PbO 0.0067 00526
19 ReO2z 0 00108
20 BaO 0 0.071
10 21 NiO 0 0.0039

o I

RS
B

= Glass Bead 1 (wt%) =Glass Bead 2 (wt%)

% Glass Bead (1): Waste fluorescent glass, Glass Bead (2):
Ordinary glass

Fig. 8. Comparison of chemical composition between waste
fluorescent lamp glass and ordinary glass (XRF).
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Fig. 9. X-Ray diffraction pattern of glass beads made of a)
ordinary glass b) waste fluorescent lamps.
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Fig. 10. SEM images of glass beads made of a) ordinary
glass beads a)-1 100um image, a)-2 10/m image,
a)-3 1¢m image b) recycled glass beads from waste
fluorescent lamps b)-1 100m image, b)-2 10um
image, b)-3 1um image.

e R v A

Fig. 11. SEM image of glass beads made of glass powder
from waste fluorescent lamps, a) uncleaned glass
powder a)-1, 2 100pm image, b) cleaned glass
powder b)-1, 2100¢m image.
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Fig. 12. Comparison of particles and refractive index of
ordinary glass beads and waste fluorescent glass
beads a) particle distribution rate, b) refractive index.
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Fig. 13. Relationship among air mixing ratio, production
rate of glass beads and ejection speed.
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Fig. 14. Relationship among air mixing ratio, production
ratio of glass beads and temperature.
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o] ZEiA|H, tiREO] HL BEET 20m/secO] H97}
AArg0] 7 4531 TR0 2 10m/sec > 30m/sec 420
2 AJA=go] =0 ke Blo] & 2= Q).

Fig. 14= 27|uign]e} 9} FatAH| =] AJA:
9] TAE vehd Tefzoot. T 9] AijoA 37E
3ego] 1.7Y W] 9] L& 940°C AL} H 1 YAk
T2 92%2 FIAE YEhdS & 5 Q-

4.2 2

FASoenE FLEt AUL SIS 1HAR
124 ZEFAH])E(high refractive glass beads)& Y& 2
Aga] 95t 712ARE Qe BHo 2 SoE B oy
o} Zapt ohg 3} 2.

1. YRR 2 A2 SetAn| ot P F5-Re = Al
o Zepn| =] Sk 3 5i0;, MgO TS ¥l
SHAEE, CaOFF2 P22 AlRE FTAH| =T}
11.7 wt%, W335 Fe= A2 STHAHET}7.8
wt% 2 A E Qo H, HFTS 22 A2 8=
£ 9k 2 Al2E H]=0l= gl ReO, 0.0108 wi%,
BaO 0.071 wt%, NiO 0.0039 wt%7} $-5-%]o] Q1=
RS Bt

2 WFE felz A2E FAvsY AN AR
EEALS 27252 Bl G it B
=jo] 5 25 B 2440 vl e Aefole ¥ 4
Sk

3. ARTAE AXNA 2 HB8 s ALEREE AR
5to] A= STHAH|E T HO| E /\‘jo] Zsto] 3+
= om, weba] @A HFGT AHE-EZolA
YAl RElE RIEA B4R 11174#23 < AAok =
AR ER R 2 AR 7R nfeltt.

4, YukgE] BlE9] YR REL 600~8501m 28%, 300~
6001m 65%, 106~3001m 7%21d] H|5to] TS5 &
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