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The behavior of rare earth compounds such as La,03, CeO,, and Ca(OH), on the removal of fluoride and heavy metals
in the steel wastewater has been investigated. The removal mechanism of fluoride by rare earth elements has been known
to be the formation of insoluble compounds between F~ and cations such as La’" and Ce*’ produced by the dissociation
of rare earth compounds (To reduce the running cost of the fluoride wastewater treatment facility, their fluoride removal
efficiencies were compared with those of inexpensive rare earth minerals such as natural lanthanide and cerium compound
used as a glass polishing agent). All of the rare earth oxides used in this study showed a higher removal efficiency of
fluoride than Ca(OH), in the wastewater. In the case of artificial HF solution, the removal efficiency of fluoride showed
in the order: CeOs-mineral < CeO; < Ca(OH), < La;Os-mineral < La;Os;. However, the removal efficiency of fluoride
in the wastewater increased in the following order: Ca(OH), < CeO, mineral < CeO, < La,Os mineral < La,Os. All agents
showed high efficiencies for the removal of Mn and total Cr in the rare earth compounds. In the case of Ca(OH),, fluoride
removal decreased with increasing pH while. However, the rare earth compounds showed a higher fluoride removal in
higher pH condition, the optimum pH condition seemed to be around 7 considering both water quality and fluoride
removal. Under the pH 7 condition, the Ca(OH), was superior to rare earth compounds in Mn removal and the lanthanide
was superior to others in total Cr removal.
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Figure 1. XRD patterns of CeQ; and CeO; mineral.

J7479 viE 518 7151 3 ppm ©l3tE FAEL] M E G

o
Gae) ZEur B ) ANIE Aok BTk mebd W 5
ZQVe] BAY R e} tpel WAk el BAROR o)
ol Qe ok Cabyl HIE SalEt 2 5 ol o] el BE
Sk AR CaF7h Th §3h57) el mlzke] B AAGE %
2 e Uehi] BE 20 deld r4l Aol 2439
o B B FRET ALSONS TE BTN G Al 1
SIS BB AR F, BTN, ) Aol & T3t

o, HoRsli= 4 % = & AU, vAES o] 88 4
S ey *F%ﬂ Asle =247 Sl6)e A77t

?ﬂEv Adx(rare earth element) ¥ YRR 57H0||A] 71 o]2
157] ¥ 4(lanthanide) 2} 213 2] Sc, 39¥ 2] Y 59| St} o529
A EA Fele s, 93, S, A, =23, ek,
A T E Tk, o] F AkshEo] 7P /bdd Zlow A
Utk BEF Aa0] FAE FA el Slo] e 7| HAA 2,
JstellA 27T witel gt Fejo] shetEelH, ol Aw
& 4Vt P 22 Jol2¥ Pget Asks sl B sttt
[7.8]. B EF shtae ZAIAR dollAs &4 3o s 7HHo] o
2 Frhe o] vk 13y I ER A4 Ak 9l 52 BA4e
Agow sk JERgEY JELEIE] gallEFo] g
oF ol bgde] & ARAE B wiel i =49
FLo R ow HErt Thssiths Aile] Stk webs M
WAllehe el 9 ool Ads] had Fow o AR|H, JAAkdolnt
=4a0] Al alo] AFAL pKy, whol Fo® I3 71EY] 243
o oJst ARt A gy Aoz dAckHEr9]. s, IEFY
i Z9 sl HdEHES RESE e Ak &9 9] 67 4B
Aol 671 AF HEE Ak AAATIE A7 ZAI10]= 3
01 14‘3]74]4 Ao]gel tist 7FedE St

A7t olegt I EF 4o Ao Hjtste] Hl Foll g
5101 U B2 MR 8] 93 71 APS TR

I EF IFEL A2EE Lay0:9 CeO 5 3
#ate] A7t YT ¢ Yl La0ss 2 B4, a8ja § 3

-

2=k M 173 M55, 2006

95 - Ang

BAIZ AlFelM A7ER TS ¢ Sl CeOrE EFT FA T& A
G8to] B A AR AR 7hsAdell dis) Ateglt Ed ol

ANE dA Ei A 30l Eol ARkl I Ca(OHRE A
s Azle} nwslglow, w4 Foll EAles U3k W A8 AA &
Tof| giEIM = AT

o

2.4
2.1. 224 MEMe M=
2.1.1. &M3]
Ca(OH),= Junseirte] GRu A9k ARE-3131C
5l & SHTE IMANA AREIGICH

o g3l =rt

bl
it
2

212. ME a2

Ce0, A2k Kanto chemicalA}e] GRE A|2ES AFE-3110 ™, CeO,
o 1:12] #K95%)3} IAitet24:(30%) 50 mLE 5 ¥ZH7)7) F-2
H T ke YAl hot plateol| A BIGAIA E3lAZ] § SR/

Z 3|MAA AREEIITH11]. CeO, B2 FHPH R o8 714 &
TR AREEI glon], & AFeas fE FYAE AR Qe
EAS ARESIGIT Figure 10l # ATolA] ARESE CeO, AlF}
CeO; HA 2 XA 3HEE eyt Ce0,2] 5 peaksl 20 =
28.5°9] intensity 4] CeO, 34 & Ce0,8] T3S 2F 50%<! A2
E ek CeO, B4 =oll &alHA] &) wtel CeO, Aok}
2 o &A F FRTE FAAA ARSIt

2.13. SHE 3iEtE

La,03; A2k Kokuan Chemical WorksAFe] GRF AloFS AFE-35F
o, gEHo] 7x107 07 7] wjite] Eof] AL %A ok BE
4 =4oltk Wb La0:9F 1:1 BAF 30 mLE $H7 WZ717) -3
¥ 5 EukaTe)] ¥ F hot plate “dollA JLHPOPEW HIGAIA &
AR & FHRTE At ARRSIIEH11]. B Aol ARg-st
La,0; B2 ToolA Aikss 4 %@.23*1 T332 TREO
(Total Rare Earth Oxide)7} ©F 45%0°]11, ©] & 99.5%7} Lay0;°]1$1.0.
] =u]E2] Ce0,, NdbOs, PreOn o 3kl QUTh o] 3342 &of
zh 57] wizel Eoll 351 § 5]4jsto] ARE-SIGIT) o]9h 22 Wl e
2 AAE Axs 5 242 AEAE [F] oiv] %4 & vl o
g} Fskeh o714 B Hl(mole ratio)e} ¥ La’'9 HF
[La™ :[F] = 1:3, Ce*"9] % [Ce*i[F] = 1:4, Ca™" 9] 7% [Ca™]:[F]
=129 W& & 9 10]2} s8Itk

22. B4 HAH AY
A 0 & H4F2| F HFS Yo 7|1 497 gl
o dHA Ytk 71EY B dAFAY SN T2 AR

p

Of

I QE HEAE CaCly Ca(OH), 58 ZwslgEe|th o5 Z#
B A Fo| Ca¥'® FF FI} Adedaeto] Ags] ob4 st

H2739 CaF, & ¥4t F& AlASH |dh8). olet 22 F& 1
#lalo] B Aol La’ ok Cet' o] BRI B8-S Tek] 71E F
ollA] AFESEAL = Ca(OH), 8} HI BT whebr] 2 Aol A=
La’" 9} Ce*" 3eE3} La® 9} Ce* B4 5 471 Agof thal 24 A)

AEE 160 mgL EA g7 A JﬂToﬂ 7}7} A gate] A1
3, AR HrE] s AF e FEs Al Rl #
AT ATk BE A 25+ T2 250l AAE o,



2EH AdEee] A A% =R ey} 2adetee] AR 485

Table 1. Analytical Results of Wastewater Effluent from the
Stainless Steel Manufacturing Process (unit: ppm)

Analysis Effluent standard Wastewater concentration
pH 5.8~8.6 24
COD 130 < 71.2
SS 120 < 1354.8
total Cr 20 < 539.5
Cr 0.5 < N.D.
n-hexane 5.0 < 421
F 15.0 < 876.8
Mn 10.0 < 20.1
Zn 5.0 < 0.5
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Figure 2. Behaviour of residual concentration of F ™ in HF solution
(t = 30 min) according to molar ratio of CeQO;, La;O3; and Ca(OH),.
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Figure 3. Behaviour of normalized concentration of F ™ in HF sol-
ution according to molar ratio of CeQO,, La;O3; and Ca(OH),.
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Figure 4. Behaviour of residual concentration of F~ according to
reaction time for Ca(OH), in HF solution.
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Figure 5. Behaviour of normalized concentration of F~ according
to reaction time for Ca(OH), in HF solution.
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Figure 6. Behaviour of residual concentration of F~ according to
reaction time for CeO; in HF solution.
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Figure 7. Behaviour of normalized concentration of F~ according
to reaction time for CeO; in HF solution.
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Figure 8. Behaviour of residual concentration of F~ according to
reaction time for La;O; in HF solution.
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Figure 9. Behaviour of normalized concentration of F~ according
to reaction time for La,Os; in HF solution.
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Figure 10. The change of residual concentration of F~ in HF
solution (t = 60 min) as a function of molar ratio.
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Figure 11. The change of residual concentration of F~ in steel
wastewater (t = 60 min) as a function of molar ratio.
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Figure 13. The effect of pH on the Mn removal in steel waste-
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Figure 14. The Effect of pH in steel wastewater on the removal
of total Cr at molar ratio of one.
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