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Abstract: Rare earth elements (REE) were separated by solvent extraction with tri-n-butyl phosphate
(TBP) and NaNO:s, followed by back extraction with water. The method was applied to the determination of
REE to circumvent the spectral interferences of ICP-AES analysis. The effects of the NaNO3 concentration
and the addition of hydrophobic solvents on the extraction efficiencies were investigated. Increases of the
NaNOj concentration enhanced the extraction efficiencies of REE, and more than 95% recoveries were
obtained at 5 M of NaNO; concentration. On the other hand, addition of hydrophobic solvents lowered the
extraction efficiencies. The method was applied to determine the REE in the monazite sample. But the

precisions of the analytical results were more than 20%.
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A ICP-AES-E B {40l 27} ol A ERUS
o 4o gl AMEET ek 22h} YEF W)
2 EPde g de|legEHUSe) Mol
Fe] 23l vl g Pt gty A ERY
48] Fejupe] st BAAAAM E vl F23)
.
A EFUL] Feupiel: guiFEe] @ol o
451 AL $FEY FoME F2 AAkde] o
S5t AF7HA] AR AN FH0t - Sk
3}e] tri-n-butyl phosphate (TBP) 2}el| & trioctyl pho-
sphine oxide,® bis (2-ethylhexyl) phosphoric acid.® bis
(2-ethylhexyl) hydrogen 2-ethylhexyl phosphate,’ bis
(2,4, 4-trimethy! pentyl) phosphinic acid® o] 3t} &
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dAl B} AAHE ARG W) Rel A7} 21, lantha-
num} cerium 59 71H$ A EFYLE BulA47)
Zto} 18M9] 2% AAE ANl E YAY o]
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7] 1M HNOs9| p=& £0|7] 9% 9771 ¥
L3}
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21. BEE B84 =HA|

e fUso] EFLY2 Aldrich Chemical Com-
pany, Inc (Milwaukee, WI, U.S.A)2] 1000 mg/L £
& Aoz FY AMElgn. B Ahgd B2
12} 357 F olxmibex|e} AR vk E3
16MQ o|Afel Ag zhe go| 248 AR89}

a8]3n 8ol 320l AR3-3F TBP:= Kanto Chemical A}
A] (Tokyo, Japan) §-713438- A|ok& Alg-3txr 7)el
Aok 2% BAF ol AHeIT

2.2. 72171 % =

AERFUL FMo AN feAgEetan} A
2233w 7] (ICP-AES)+ BairdAA] (Bedford,
MA, U.S.A.) model 2070 spectrometer 1.05beo]c}. ICP
FAe7)e AL} g2 2E Table 13} 2t
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77 2mg/Le) B ERYLE /Y AR 10
mL, TBP 10 mL, 18] YdAeke] AAbg (NaNO3)&
separatory funnelell g3 w¥}7] (shaker)& ARg-8}e]
250 rpme] &x2 1587 F&31gct. o)d AAlkd o
T=E 1-6M7A 1M D92 AR 2FA 8
€ 23] &3 7 FE24E YA, TBP 322 o
T =L ES] AEE 10mLe B2 o4 23
GF 230 30 A3k 474 3 ERULY
& ICP-AESE A sle 288 zARIGH. &
B 224 4714909 Jge 8o A5 439 &
7]&vl (cyclohexane, n-hexane, carbon tetrachloride,
chloroform)& TBPell UAIW]-&(10-50%)2. E¥3t
o} e o s

24. Monazite A|22] #8 ¥ HERAL Y
Monazite (£54HE& 200 mesh ¢)5t2 FA B33

Table 1. Specification and operation parameters for ICP-
AES

Spectrometer ICP 2070 (sequential type)
750 mm focal length
1,800 grooves/mm
Dispersion, 2.0 nm/mm (2nd order)
RF. generator 40.68 MHz
R.F. power 850w
Nebulizer Concentric type

Gas flow rate Carrier gas, 0.64 L/min
Coolant gas, 9 L/min

Auxiliary gas, 1 L/min

Observation height 8 mm above induction coil
Integration time 0.2sec
PMT voltage 4k volt
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14 FuljAl47) | ol5h2. uf$- 2lglon, ubdo
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Table 2. Analytical wavelengths and spectral interfering
elements for the analysis of the REE

Detection

mlement Vot i S
(mg/L)
Y 371030  0.0035 V., Ti
La 408672 0010 Ca, Cr, Fe
Ce 413380 0050 Ca,Fe,V
Pr 422535 0042 Ca,Fe, V, Ti
Nd 401.225 0.050 Ca,Cr, Ti
Sm 359260  0.043 Cr,Fe,V,Ti
Eu 381967  0.0027 Ca,Cr,Fe,V,Ti
Gd 335047 0021 Ni, Ca, Ti
Tb 350917  0.023 Cr,Fe, V., Ti
Dy 353170 0.010 Mn,V
Ho 345600  0.0057 Cr, Fe, Ti
Er 337.271 0010 Cr, Fe, Ni, Ti
Tm 346220  0.0081 Ca,Cr, Fe, V,Ni
Yb 289.135  0.0089 Cr,Fe,Mg,Mn,Ti, V
Lu 261542  0.0010 Al,Ca,Cr,Fe.Mn, Ti, V

Table 3. Distribution coefficiencies of rare earth elements
with TBP depends upon HNO; concentration by Ishimori' 12

Distribution coefficients

Elements

6M 9M 12M 1I5M I8M
Y 0.5 1 9 50 100 -
La 005 01 008 0.1 0.5 1
Ce 0.1 01 0.1 04 08 -
Pr 0.2 02 04 09 1 2
Nd 03 03 04 0.7 2 -
Sm 0.7 08 08 1 5 -
Eu 0.8 2 3 5 10 70
Gd 0.7 1 3 10 70 -
Tb 05 08 1 40 80 200
Dy 0.1 07 6 10 100 -
Ho 0.1 1 6 30 100 -
Er 03 08 10 50 100 -
Tm 02 1 8 40 90 900
Yb 0.6 1 8 40 100 2,000
Lu 02 1 7 60 200 3,000

9} AARE AN o dEGH Hul A58 Table 30|
E319 ). Table 304 B ufe} o] 15SMe] AA
£ AMeE o] La, Ce2 Bl Al47) 1 o] o] 1L, Pr, Nd,



106 AR - o145 - A5 - Ao - By

Sm 5% 10 o|5jed A z18F AAME ARgSldx b &
2o ErPsa4 ®o 28]z D. Scargill &V
TBP$} petroleum ether2] &3}-8vj2A] La,Ce, Eu %
2} 71 I ERFUAE FE3Ed A 5=t
FS4E 3280 o A& dudde) Lag 7
S Hall A4 15 MellA] 022, 12 MeilA 0.0882.4
vz o} Eug) #8187 Mol 64, 12.5 M9l
A 342 goich wEtM La®) 79 A Aak
petroleum ether?] &gz &7l F&o] o
Hot by Euol 79 A% AAE AN 32
o] 7lxg o= wwhgl)

w3 D, Scargill'® -2 Lag 224 A4 g4l A
Abed (NaNO:)& AR5l o 5.7} (salt effect)ol] 2]#)
Fulj A7) F)eled frlgul o] 2EEo] SUHY
& Byt mEts 2 AN E A AN
& o} g9 Fxol T FEEE ZABIHG HARY
7t Sk BelAp7 Sk A Zeol A
A9 sxrt ZU1EI 348 ke, 7k
¢ Hefdscl La?t Ceo] 94EE salt effectol] 2
8 ZF F&o] 7lsdlsct A4S s=8 1-6M7}
A 1M 92 W g o R4 A F
258 Table 49l 55319 24t7He] A2 Dy
2Meil X, Gd$} Lue 3MellA] F2&5 o] 3280 &
gom, Ry IR YAEL 4MollA 95% o4
F25 %) vbdell Lax SMo)AM 95% o4 &5
Aot whEbs AR o] A& AMEE das
o ¢} La, Ce, Pr,Nd, Eus} 72 7lu]-¢ 3|=/s
= 328 rh= A& o £ Ui

A AArge] =) 271845 3282 716
6 M o]i}e] A& AHE 9= ICP-AESZ ¥
AA] Eepanbrl #MEE ol TBPR F24
dgekel AAabdol #7180l Foll &5, =8 B
2 H9334] FAlgel 83< TBPY L =& 44
APl ez Yz #H4N F Na9 F=r}
A =y Adeyddo) A7jg a3 F714A7]
E o]23} wiEldike dolv =3 TBPY F=r}
Z7¥sid BRA] BREg Eetante] Lo g W3}
A 2L WA B ope}, Eepawle b
Aol vimzing s fU40] ML $j8F S
of MEe A4 sx& 4-5Me] H3tsicky ot
s}

Table 4. Extraction efficiencies of rare earth elements with
TBP depends upon NaNO; concentration

Extraction efficiencies (%)

Element
IM 2M 3M 4M S5SM 6M
Y 35 72 79 >95 >95 >0
La 33 48 65 91 >95 >095
Ce 58 71 90 >95 >95 >05
Pr 32 70 81 >95 >95 >95
Nd 62 82 88 >95 >95 >095
Sm 40 56 90 >95 >95 >95
Eu 62 72 85 >95 >95 >95
Gd 61 92 >95 >95 >95 >95
Tb 30 42 65 >95 >95 >95
Dy 63 >95 >95 >95 >95 >95
Ho 26 42 63 >95 >95 >95
Er 44 74 91 >95 >95 >095
Tm 32 67 84 >95 >95 >95
Yb 25 50 61 >95 >95 >95
Lu 31 71 >95 >95 >95 >95

33.TBP ¥ 77|80l Egtoll & F=&#

3 EFUA0 HHoleE TBPR F&3l= HAo
A TBPE Bl £3]5o] (£3)% 0.62¢g/100 g H,0)
& B&E I vebr g0 ZFof] TBPE
L3 =8 AN 5 AU 244 491E TBPe o
A gz iRl 28 Audidd. &4 A9
A FEx 32.9 AY ZAel @} sME 2
A3t &= cyclohexane, n-hexane, carbon tetrach-
loride, chloroform& A183}¢ic}. Holmium-& 4133}
o TBP9} f7]4ve] Ru]E 1:92 3l 35§
& A ATE Table 59 Aeh 254 40&
ALl Table 591X BE wie} 7ol ApEiebi
(CCL)$} S22 X5 (CHCL)Q) 7= F28o| 9
20% o|s}2 7}48}1, hexaneZ} cyclohexaned- AR
&lei = TBP2} NaNO:7Hg AR4d o B} 2§l
o 50% Fa3tdet. ol Aoz TBPO| ool 7t
4:5}7] gl FEREo] FaFArty Yzt

aelr YA er o feujuct F2Fo| ¥
cyclohexane& AA3}57, TBPR] v|&-& Z7 A A F
288 ZABIY Fig 1ol A8k Fig. 1A%
7ro) TBP2] o2 50%7}2] Z7FAA=E yttriume) &
252 A 7 4w 182z TBPE &=
o2 AHE W) ) 3E2EE0] 2 AL A 5
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Table 5. Effect of solvents on the extraction efficiencies of
holmium with TBP (10% TBP in solvents) and NaNO3

Recoveries (%) with solvents

Element CCl,
Holmium 16 19 41 51

Chloroform Hexane Cyclohexane

A

8 8 8 8

».

P
»

Extraction efficiency (%)
~.
™~

¥

.
0 v

T T M T T T T

0 1 2 3 4 5 6
Concentration of NalNO (M)

Fig. 1. Effect of TBP and cyclohexane ratio on the extrac-
tion efficiencies of yttrium (A: 100% TBP, ®: 50% TBP
+50% cyclohexane, w: 10% TBP+90% cyclohexane).

v}, K. Takeda 5-2'° Th3} U-€ TBP$} cyclohexane
(1:9)22 F&314L o ZF 90% o4& 34315
S B3dtged, ol Tha U FulAl4r) 4M
o] AR AT W BF 10 xS IEFUL B
o 2] d&oletn YzEo £ AP ME A}
°|E F BER U4E 32T 9 /1Y 228 ¥
2 cyclohexane?] 7$-% TBPE 9% Lujz Al43)
2Rt F&-80] 50% °|3t2 ) z3le] TBPS} 5Me
Ak (NaNOs) o 2 F23}gc).

3.4. Monazite & & ER AL BN

K. Takeda §-2'° Th3} U& TBPZ ZZ3lgg w
o=~ Y424 Al, Ca, Cr, Fe, Mg, Mn, Ni, Ti, V
5 3789 Aojae] 34g8 HESPE o]u-2
25 3557 g3 oA Gast Mogte] 2oy
wstgieh webd £ e Table 20] 459 Wi
S} Pshd whsloigke gikw Wekalch Monazite
Z AEFULE 223)e] BER Hhgoz ¥as
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Table 6. Analytical results of the REE in monazite

Elements Previous work (%) Present work (%)
Y 12,1.2# 12+03
La 134,134 120£30
Ce 28.5,28.6* 230+6.5
Pr 29,2.1° 33x13
Nd 10.9,13.4* 10.8+2.7
Sm 18,13 1.7£06
Eu 0.058 0060+0.019
Gd 0.75 0.86+0.23
Tb 0.11 0.134£0.04
Dy 0.36 0.35+£0.13
Ho 0.064 0.048+0.014
Er 0.17 0.090+0.02
Tm 0.020 0.025+0011
Yb 0075 0.037+0.008
Lu 0.0049

0.0040+0.0010

a by X ray fluorescence spectrometry.
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thx Azt
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HEFULES DA (NaNOy)3} TBP (tri-n-butyl
phosphate)& °]-83t 328 g E2 H934Y
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1. Svll 24 TBPS} AARE A% o) FufA 47}
2 La FAMH9] 557} SM ool A, 24tell o
AL 2-4MellA 2% 238 5 e =3 40
F2A oA guie] A7k 7 Ao Bl 7)o
thi 282 239 Fadtdo.
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