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Table 1 ~ Working parameters of the ICP-AES instrument
TIE2% BUEAAMF TAESH B A
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Table 2 Concentration of REEs in calibration standard solution

ﬁiﬁif%& R ﬁiﬁ%m_’%ﬁ
9 p/(pg - mL™")
STD1 La, Ce, Sm, Eu, Ho, Tm, Yb, Lu, Y, Sc 10
STD2 Th, Pr, Nd, Gd, Dy, Er 10
STD3 La, Ce, Y 25
STD4 La, Ce, Y 50
STDS La, Ce, Y 100
STD6 Pr, Nd 25
STD7 Pr, Nd 50
STDS Pr, Nd 100
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RN 74 wm, JLI K YRE, A 3
mL A 2 mL 52, T 110°C Nk 2 h, BUR HHR
i, A3 mL SRR & | mL S50 , 76 F AR ik
B, B RMNERTEE 130°C A2 h, BUFH
B, FHEZE 210°C , fFr &R B U R A0, InA
1.5 mL 50% Wy LR, In#s i Eh 285 FmA 0.5
mL 50% Ai51R , # % 10 mL FL @55 g, KR E %)
& BRS), EHLRRI

Tk R - SR - SRR - = AR - TR
(HBR) MO RS o
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Table 3 Analytical spectral lines of REEs and detection limits

of the instrument

Wk Hrek BERRSHIR || Ft Tk AUERHR
JLHE Mmoo /(ngeg )| UE - A/mm /(ng-gl)

La  408.672 3 Dy  353.170 2

Ce  418.659 16 Ho  345.600 10

Pr 422,293 15 Er  349.910 6

Nd  406.109 12 Tm  313.126 2

Sm  442.434 20 Yb  328.937 1

Eu  412.970 2 Lu  261.542 1

Gd  335.047 4 Y 360.073 9

Th  350.917

F 4 DURNEAEJTIEGTAL R GBW 07161 F# ity ICP - AES
VI ES
Table 4  Analytical results of REEs in GBW 07161 with four
sample pretreatment methods by ICP-AES

w/ (pg-g™")
GBW 07161
fir L. -y . ol
TE b wek oW - W TUMEOT MRRHEOT
B AR B R
La 2362 + 145 2283 2466 2375 2086
Ce 187.2 £8.1 190.2 177.25 188.3 124.75
Pr 447 +25 469.2 461.76 452.88 395.55
Nd 1595 + 86 1619 1570.5 1594 1411
Sm 284.6+25.9 270.5 295.55 290.95 309.9
Eu 64.77 £3.62 62.11 66.17 68.49 57.78
Gd 225.6+£26.0 225.7 233.2 231.85 164.1
Th 34.60 £2.21 31.67 38.83 41.3 31.36
Dy 183 +17 173.4 182.8 196.05 158.75
Ho 35.70 £4.01 - - - -
Er 96.2 +8.7 108. 4 100. 37 112 100.75
Tm 13.22 £1.14 12.43 11.99 13.91 17.25
Yb 87.82+10.53 85.71 82.14 87.42 76
Lu 11.96 £0.88 12.19 11.38 12.78 11.16
Y 976.38 £47.24 919.9 960. 4 987.4 860. 05
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Table 5  Analytical results of REEs in GBW 07188 with four 500 1 H Bl [ ]
sample pretreatment methods by ICP-AES - HH o . i
w/(pg g_]) LaCePrNdSmEuGdTbDyHoErTmYbLuY
Wt
W GBW 07188 18000
. o L AR - R AREOT DUER T i |
7]:? */]T?E’Ei W%{i f 15 " AN TN YA 16000 - __ iﬁ;‘ziﬁ}{‘ﬁﬁ;ﬁ =
TR B Bk BRI 14000 | = TR 11
La 1961 170 1867 1927 1813.5 1704 ~ 12000 L .
Ce 431.5+32.6 405.3 371.15 340.4 309.77 T?D — GBW 07188 .
Pr 736.7 +33.1 804.75 784.5 736.2  629.87 = 1]
= 8000 | .
Nd 3429 +85 3255.5 3384.5 3349 3065 0D .
Sm 1724 +86 1540 1656 1670.5 1337 i .
Fu 18.91+1.47 18.77 20.19 20.12  18.46 000 = - I
Gd  2169+86 2170 2352 244 2027 2000 fi =i i = ii_ ii =
= o =m m —— ———
Th 467.6 34 455.9 455.9 452.35 479.57 La Ce PrNd Sm Eu Gd Tb Dy Ho Er Tm YbLu Y
Dy 3223 +261 3099 3150 3072 2807 BlaZ
Ho (558) 570.95 595.15 577.45 527.2
Er 174987  1780.5 1807 1756 1706 Bl 1 GRER S ARG 1T ICP - AES 4y Hrah Rk
Tm 271.4+£8.8 275.35 293.45 284.3 267.4 Fig. 1  Analytical results of REEs with the introduction and
Yb 1844 £176  1690.5 1799 1778 1628 non-introduction of sulfuric acid to system by ICP-AES
Lu 263.82 +17.59 230.1 240. 15 231.1 217.4
Y 17007 £787 17265 18230 17290 15616
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Table 6  Analytical results of REEs in BY-1 sample with four
sample pretreatment methods by ICP-AES

w/(pg-g ")
BY -1

it
g AR AT W

HHAEDREE  BREE R
La 9501 £40 8000 +168 8749 +13 8057 +22
Ce  15513+63 13773642 13623225 12943 +26
Pr 1218 +11 1173 £46 1150 £55 1116 +2
Nd  3712:18 3089 £155 307944 3224 +5
Sm  485.77+3.6 488.2:22.7 459:0.9 403 £0.9
Eu  57.42£0.22 53.76+1.90 50.72+0.22 48.52 +0.09
Gd  63.5+4.97 79.59+1.60 76.77+0.31 69.82 +0.78
Th - - - -
Dy - - - -
Ho - - - -
Er  15.84+2.67 14.83+3.10 19.30£0.44 13.7£0.32
Tm — - — —
Yb  16.740.27  6.18+0.18 5.08£0.05 3.51 £0.09
Tu  3.1420.45  2.28+0.19 2.62+0.04 2.39+0.04
Y 13124071 127.4+3.49 113.8+1.42 116.1£0.93
Sc 63.06+0.40 55.331.61 53.180.51 53.13 £0.19
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Table 7 Analytical results of REEs in SS-1 samples with four
sample pretreatment methods by ICP-AES

w/(pg-g )
ot TN T
RE s O NGUT AT
B SRAE  EE Rk
La 5471 +45 4958 +59 4589 +76 4187 £35
Ce 12870 £ 118 11033 £ 127 11817 £188 9902 +92
Pr 1411 £ 17 1227.4 £ 10 1203 +12 1185 +11
Nd 5639 +44 4498 +40 4889 +79 4771 £42
Sm 758 6 628.6 £10.5 631 £9.5 614.8 £6.15
Eu 78.36 £0.41 72.30 £0.49 72.97 £1.14 60.42 +0.50
Gd  88.39+9.62 114.6+0.86 107.7+1.53 62.1+1.05
Th - - - -
Dy - - - -
Ho - - - -
Er 35.91£4.99 28.65+1.43 32.97 +0.64 20.15+0.11
Tm - - - -
Yb 8.20 +0.29 8.45+0.03 7.35%0.14 5.65+0.02
Lu 7.05 +2.88 7.16 £0.18 6.16 +0.17 4.76 £0.02

Y 151.07 £1.38
Sc 122.7 £0.78

134.37 £1.14 128.87 +1.73 117.7 +£0.30
110.87 £0.95 94.97 £2.09 97.61 +0.60
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Table 8  Analytical results of the weak acid extraction of REEs
in four different samples by ICP-AES

w/ (pg g ")
GBW 07161 GBW 07188
LR R R
TUR I AR BTG H RIS ARME(E BT H
/% /%
La 2309 2361.98 97.8 1242.33 1961.21 63.3
Ce 63.67 187.24 34 82.47 431.47 19.1
Pr 407.9  446.96 91.3 359.13 736.65 48.8

Nd 1566.67 1594.58 98.2 1445.67 3429.2  42.2
Sm 278.07 284.59 97.7 588.43 1724.8  34.1
Eu 65.58  64.77 101.3 0.17 18.91 0.9
Gd 212.4 225.58 94.2 878.83 2169 40.5
Th  34.97 34.6 101.1 215.03 467.61 46
Dy 170.73 182.97 93.3 1357.67 3223.81 42.1
Ho 35.24  35.71 98.7 308.17 558.72  55.2
Er 103.17 96.2 107.2 1035.33 1749 59.2
Tm 14.26 13.22 107.9 174.23  271.44  64.2
Th  82.34  87.82 93.8 1171.33 1844.22  63.5
Lu 11.55 11.96 96.6 161.53 263.82  61.2
952.3  976.38 97.5 10796.67 17007.84  63.5
A 6307.85 6604.55 95.5 19817.01 35857.7 55.3

FES SS -1 FEM BY -1
it P P
TOR BIRS BGE PRGBS BRI TS )
/% /%
La 54.65 9501 0.6 11.64 5471 0.2
Ce 117.47 15513 0.8 13.04 12870 0.1
Pr 11.32 1218 0.9 5.07 1411 0.4
Nd 31.72 3712 0.9 6.36 5639 0.1
Sm 10.09 485.77 2.1 1.18 758 0.2
Eu 1.76 57.42 3.1 0.29 78.36 0.4
Gd 7.26 63.5 11.4 3.34 88.39 3.8
Th - - - - - -
Dy - - - - - -
Ho - - - - - -
Er 0.6 15.84 3.8 0.05 35.91 0.1
Tm - - - - - -
Th 0.61 16.7 3.6 0.16 8.2 2
Lu 0.03 3.14 0.9 0.04 7.05 0.6
Y 10. 64 131.2 8.1 0.89 151.07 0.6

M 244.82 30780.63 0.8
W =T FR TR IR

32.27 26640.68 0.1

4 i

DUk AN [ PR AL BT 325 T ik PR R AN ) A 7 1
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Determination of 15 Rare Earth Elements in Rare Earth Ores by
Inductively Coupled Plasma-Atomic Emission Spectrometry .
A Comparison of Four Different Pretreatment Methods

WU Shi-tou'*, WANG Ya-ping'* , SUN De-zhong', WEN Hong-li' , XU Chun-xue', WANG Wei'
(1. National Research Centre for Geoanalysis, Beijing 100037, China;
2. Faculty of Material Science and Chemistry, China University of Geosciences ( Wuhan) , Wuhan 430074, China)

Abstract; Rare earth elements (REEs) in ore have many different forms, mainly ion adsorption and mineral lattice
types. The occurrence state of rare earth elements has a great impact on accurate analysis. In this study, the effects
of different pretreatment methods in REEs analysis are discussed from the perspective of REEs occurrence states in
ore. Four pretreatment methods including HCI-HNO;-HF-HCIO, under normal pressure (the open acid digestion) ,
HCI-HNO,-HF-HCIO,-H,S0, under normal pressure ( the open acid digestion, adding sulfuric acid) , HF-HNO, in
confining pressure (the pressurized acid digestion) as well as NaOH-Na, O, alkali fusion were conducted for REEs
ores. 15 rare earth elements were determined by Inductively Coupled Plasma-Atomic Emission Spectrometry
(ICP-AES). The results of the open HCI-HNO,-HF-HCIO, acid digestion for the two National Standard Substances
(GBW 07161, GBW 07188 ) which are ion adsorption-type rare earth ores, are significantly lower, mostly 10% -
20% lower than certified values. Meanwhile, the results from the pressurized acid digestion, the open HCI-HNO,-
HF-HCIO,-H,S0, acid digestion and alkaline fusion are in agreement with certified values. For the two Baiyun Ebo
REEs ore samples (SS-1 and BY-1) which are mineral lattice-type, results from all three acid digestions are lower
than those from alkaline fusion. The results of the open HCI-HNO;-HF-HCIO, acid digestion are the lowest,
approximately 20% lower than those from alkaline fusion, and results of the open HCI-HNO,-HF-HCIO,-H, SO,
acid digestion and the pressurized acid digestion essentially are as low as approximately 5% —15%. In summary,
for ion adsorption-type rare earth ores, the the open HCI-HNO,-HF-HCIO,-H, SO, acid digestion and pressurized
acid digestion could replace the traditional alkaline fusion, while for mineral lattice-type rare earth ores, the most
suitable pretreatment method is still alkaline fusion.

Key words: ion adsorption-type rare earth ore; mineral lattice-type rare earth ore; rare earth elements; acid

digestion; alkali fusion; Inductively Coupled Plasma-Atomic Emission Spectrometry



