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Abstract

This study was conducted to improve the recycling process of waste fluorescent lamp, and investigate the possibility of using
the waste fluorescent lamp glass as a raw material for glass beads, the leaching method of rare earth from the waste phosphor
powder, and the possibility of solvent extraction of rare earth from the rare earth leaching solution. The waste phosphor
contained 28.9% yttrium oxide, 3.46% cerium oxide, 1.95% europium oxide, 1.76% terbium oxide, and 1.43% lanthanum
oxide. As a result of the trial production of glass beads using waste fluorescent lamp glass, it was judged that the production
yield and quality were excellent, so that waste fluorescent lamp glass could be used as a raw material for glass beads. The soda
roasted waste phosphor was leached in water and thereby the aqueous solution was blown with CO, to drop the pH to about 7,
Then, Al, Si and residual Na,CO; were dissolved, and NaAICO;(OH), and SiO, were precipitated in the aqueous solution. In the
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solvent extraction of cyanex272-hydrochloric acid, cyanex272-sulfuric acid, D2EHPA-hydrochloric acid, D2EHPA-sulfuric
acid, lonquest290-hydrochloric acid, lonquest290-sulfuric acid, p507-hydrochloric acid using xylene as a diluent, the extraction
yield of Y, Eu, Ce, La, and Tb are close to 100%. However, in this conditions, the difference in extraction yield for each
element, that is, selectivity is 16% or less.

Key words : Waste fluorescent lamp, recycling, process, improvement, Rare earth elements
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Egote] T 178°] BEF Ah(Rare earth element) 2 g F= ¢ EagolM 2 He S84
=L A w0tk SEF 1E A4k Al F 8.5kg] &40} 13kg®]

SERE A, A Am 5 A9tdE 24z B2 727 9609k-1,2005F 2 E|Q] HZ-2 HiE3it) &
T ARBHIL Qlo] AEH 02 87F 7101l gt 87, wrls, 2025l oAkl gAY oF
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B35 % LED?} 22 28 FHoll= Y, La, Ce, Ey, go] e} 53] A Holls o] S553 vFY
Tb 53} &= &45°] Phosphors =L E F2 ARG S|ER F&o] ZA Y. Fluorescent lamp: Light
HI P, JEFT YA A2 W I ourcedl QIS FIAIIALC R WMo} F= A7}
2T S0] TS vIRRL YRR Yi=TlolA FEA R ol Z=325HA] =, 13100 6~7m 2 304m ©]
< =7PA RS sk 588 848 ARESHL §l A} = G717 63 oA} HREF Q] T 2] TS A3

o SEf A2 ST VIS OR S 36.5%, 5 3 600°CE 7thste] T HoP. Sl ylio] =
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Table 1. Periodic table

| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 |
H He
Li Be B C (6] F Ne
Na Mg Al Si P S Cl Ar
K Ca Sc Ti \% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Rb  Sr Y Zrr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te 1 Xe

Cs Ba  Laseries Hf Ta W Re Os Ir Pt Au Hg Ti Pb Bi Po At Rn
Fr Ra  Acseries Rt Db Sn Bh Hs Mt Ds Rg Cn Nh FI Mc Lv Ts Og

Lanthanum series| La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Actinum series Ac Th  Pa U Np Pu Am Cm Bk Cl Es Fm Md No Lr

Rare earth elements 17 types ‘ ‘
*Source: TUPAC Recommendations, 2005, “NOMENCLATURE OF INORGANIC CHEMISTRY ">
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Table 2. Rare earth applications

Number Elements Abbreviation Products
21 Scandium Sc Aircraft structures, Al-Sc alloy
39 Yttrium Y laser, micro wave filter, superconductor
57 Lanthanum La high refractive glass, ignition alloy, hydrogen storage, specialized glass
58 Cerium Ce oxidant, pigment for glass or ceramic
59 Praseodymium Pr high-strength magnesium alloy, magnet
60 Neodymium Nd magnet, laser, pigment
61 Promethium Pm nuclear battery
62 Samarium Sm magnet, laser, neutron absorbent
63 Europium Eu phosphor, laser, phosphor phosphor glass
64 Gadolinium Gd neutron absorbent, laser
65 Terbium Tb additives for Cr-alloy
66 Dysprosium Dy green phosphor
67 Holmium Ho green phosphor, magnet, laser
68 Erbium Er magnet, laser
69 Tolium Tm laser, pigment, nuclear reactivity control rod
70 Ytterbium Yb laser, additives for V-alloy
71 Lutecium Lu hand carry x-ray generator, blue or green phosphor

*Source: T.S.Kim, annual report of KITECH, 101, 2017%
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Fig. 2. Monthly collection ratio of waste fluorescent lamps
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Table 3. Chemical composition of waste phosphor powder from fluorescent lamps
Contents Y203 A1203 SlOz CaO PZOS CCOZ BaO MgO Na20 Eu203 Tb407 La203
Wt.% 28.9 27.0 14.6 6.83 3.62 3.46 2.53 2.60 2.51 1.95 1.76 1.43
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Fig. 8. Bead glass manufacturing process.

Table 4. Bead production rate (recycled glass) by Air mixing,
Temperature, Blowout speed

Blowout speed
fA{r 20m/sec
mixing

ratio | Temp |Production| Temp |Production | Temp | Production
(°C) | rate (%) | (°C) | rate (%) | (°C) | rate (%)

1 812 79 798 81 797 76
1.1 822 80 818 82 823 77
12 | 843 81 838 83 835 78
1.3 | 861 83 856 85 865 80
1.4 | 877 85 879 88 884 81
1.5 | 901 87 905 90 900 83
1.6 | 917 90 922 93 925 86
1.7 | 938 92 944 95 948 88
1.8 | 961 91 967 94 957 87
1.9 | 978 89 979 92 984 85
2 998 87 994 90 990 83

10m/sec 30m/sec
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Fig. 14. XRD pattern of precipitates from the solution of soda-roasted waste phosphor at pH 10.
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Fig. 16. Relationship between extraction ratio and pH in liquid-liquid solvent extraction of rare earth elements.
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