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Determination of Rare Earth Elements in Coal by Inductively Coupled
Plasma-Mass Spectrometry with High-pressure Closed Digestion
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Abstract Coal is a complex and heterogeneous mixture of organic and inorganic compounds containing
many different trace elements. Different trace element information in coal represents different geological
significance and rare earth elements can provide abundant sedimentary environment and source
information. The coal sample was digested in high-pressure closed vessel using HNO;-HF at elevated

temperature and the determination method of 16 rare earth elements was established by inductively coupled
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plasma-mass spectrometry. The influencing factors such as sample size, digestion reagent and mass spectrometry

interference were discussed. The detection limit of the method was between 0. 001 —0. 016 pg/g. The measured

value of the coal standard sample NIST SRD 1632d is consistent with the certified value, and the precision (RSD,

n=11) of the coal sample and standard sample were less than 5%. The analysis results showed the method could

be applied for the accurate determination of rare earth elements in coal. It can provide a new reference method for

the determination of rare earth elements in coal.
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WENEIY S THYHERREY, B C.
H.OSLE  RAHFLZTRARMNMEITE, A
MR R G BEREAF N HEZE X, Eh#H
TR REE A URBEEFEHIRARE S Y IERE
B, Bt R B s LR B R EE Y. WO
RAWMTEFENH-WIREEFEE . E—EBE L
BT BRI RS R B R S B AR
A NAAT DL S B T2 B TR 3 Ak b 3R Ak 4 AR B T L
XA A BRI LA RS KR AAEERY
IS MALBE N HAERKER L TENGFERE
JEAEEN, BOERSBRNES A5 KER
LA FTHLE 4 . A LY e b 38 05 W B A
TR IR R AR T AR R A B B BT AR U B R T
R B E AR BEE AT &
IR AR T 7 vk BRVE E B RE I L 5 s R B B R
BE5 Y 3R5%; A 8 [ 3l T8 A AN 35 DA IR VA ik vk Ak 3 4
B, IR K B AR, AR S ALK S ™
Az B R » FFFE 22 4 FVRE B Bl T L 3 % B XU 5
T T PR T o R I TR K, T LR & T b R
5% B R B i i Ak B0 T R 3 DD 9 A 5 SR AR
AN SR G WY&, BRI, BE R
fE, AFHREL>, FAER EREESHE. 2T
YRR F & % W 15 1R 05, i IR & S5 3 R i
(ICP-MS) : U & A 16 FifE TR .

1 SLEHES

1.1 EFERXH
Sc.Y.La,Ce,Pr.Nd,Sm,Eu,Gd.Tb,Dy,Ho,
Er.Tm.Yb.Lu & & ¥r ¥4 % % W (10 pg/mL, 3%
E SPEX A D .
P U5 VR - YE 0 B BUAR HE A & IS TR, LU AH R
(500 A TR B Y B LW B R F K 0.0,0.5,1. 0,
2.0,5.0,10. 0 pug/L W RFIAR W W, HAEFF T

coal; rare earth elements; high-pressure closed digestion; inductively coupled plasma

PR 2K .

PR - B B Rh, Re 5150 3 #5 #E % W (Rh,
Re ¥R E 44 10 pg/mL) , LAY R (5 %) 4 i B B
BB NAR IR AV W Rh Re R E & Ry 10 pg/L,

LR RF B ARt L iR SRR (R
T4, RERHEIRAFD , iER (BV T 4, Jb 5t fb 245
I , 4K (B >18. 2 MQ + cm)
1.2 FESE

X SeriesIT Hg &5 & 45 B 7K BT 154X (ICP-MS,
% Thermo Fisher A #]) , i &L 2~255 amu,
HRMEE/NF 0.5 7H%/s(220 amuw) , PRE JEFE L IE
mEYE. EEWE 3 K. £ 1K ICP-MS T4
%M.

FP115 ] 4% 2 #4 XU 98 75 #L 4# (£ H Binder 24
AD SR XTI M 4 X APT. Line W T A AR,
BEEEAEREREL E 5~300 C; EPLUS
Me AR 28 BHU 28 A R A ) s XP205 B F K F;
Milli-Q Academic #2liK R4t ; HELX X B W AF (10~
100 xL.,100~1000 pL..0. 5~5 mL) ; & & %5 I 4 f#
f#, Teflon N HE# 4 15 mL; PET I B i 3 #%
60 mL,

#1 ICP-MS MBI E&HE
Table 1 Operating parameters of ICP-MS

TAESH E 3G THESH At
RF IR /W 1300 AR Bk i

ZBUBSHEE/(L s min~1) 0.91
WA W E/ (L min~!) 0.8
BHIKHEE/(L > min 1) 13

FREHEFLER/mm 1.1

1.3 EWHE

G PR BB IR L T 9 SRR 2 50 mg O 2=
0.1 mg) ,JAA Teflon ¥FHERET , Z18 I A 1 mL ¥
HNO; , il % /5 @A #& % 10~15 min, )5 & THK
B BT 130 ‘CERZE @R, H A% HNO, 1 HF %
1 mL, finzs X % A, A BLAR 78 180 CIRF¢4Y
24 h; BUB B FHRPWR BT, BMA 0.5 mL ¥

HWE/ K 50

R /mm 1. 62

U431 [E] /ms 10
BBEFLAE/mm 0.75
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D% R AR E S TR RS
(ICP-MS) M e Lo & 29

HNO; Z2WHER, EE —~R. AFMA 5 mL
HNO; (141, fin 2 X ANE % H 78 130 C By BL4
R4 3 h, LUORIEXS A 5 B 58 2 R G iU R 3 )5,
AW B 2 PET BBV P M BEZE 50 g, [
AR 28 S 5
1.4 ICP-MS il & A i%

IXER B R SR G 2088 30 min, AR A
21 pg/L Li.Co.In U Fy 918 ¥ W AT AR S5 A1
b, WIRBEBWRM TSI ARAESI ZRHEEER, T
W ot B Pl = ELREI A, Y.Sc JTE KA Rh
WARKE IE , HARITTE H Re WHRIZIE,

2 HRE5IR

2.1 HBHESENTE

HTFEDESAERBENAIY, R RERK,
WAZFUTINAR I 2k B4 G AL R LA R UE B i T A 5T & FETH
i 72 A LY B R AL A A 23 7 AR K& B SUK
S5 Y o E v B R T BRI 3E K, 5 B R RONER 7
R R, 35 SCHERN T 1 IE , B P O T
FHLRE B — AT 0. 5 g, BEREIRIERE S 522 7H
if% » SCT I R G 0T 5 SR A B BEOR . T 0 T A
A — MR 50~100 mL, {HIEREA F F A4 WA
EOLRES, FEAKR. AFMHITRAN TEHEL.A.
TAFRIR KA YY), KRR FEHFL B P RS &
A RE S, AR E S . RLR R
FEARB R 15 mL, B THRIER &, AT L EH S &
$0.05 g, FEELT SRS ITHNEN, SHFKEH
N B
2.2 HmEBKAFEGEG

BB AN E R BE KA VLA S
T Y. AR . EE SRR E TR
AT . LR, MR A 2 mL MR
1 mLAERR S 1 mL dEARRER, WHBATE,
HBRIRREARORBER D ARNEY; MAL &
AHRRE HERTELWEMATRE . LREHMNR.
ARMIBERIE RN H AN . =R E LR (AN A
1R) 5 5 B0 R Wy 3R TR A A Ak, in R 2 20 U A
AoEa; MRE T £, RO 5 7 RE ALY
w5 REHMmHERE, LRPRA 1 mL HRS 1 mL
DFIRIE A FRIE R HE I THRR .
2.3 MEFHEE

ICP-MS W THEHZEMG ST T/ . WwHETH
ARz, B T R E R R R AR R
HE U RS DA REALY (MO (A& 4L

(MOH™) W B T (M*") MLKETB TN T
WU E T B MR A R T IR A EERE
MR ES. —FmEdWaE RF R EKFELIRK
iR REAY R — L, R TR RM
A2 2, 4" Pt O X4 Gd iy F 4t , 38 i W 2 &k
Y= R B IE RBOM LA IE .7 Gd B IEA R 0
KD PR,

L. (PO

Gd, unk L41p, ) Il“Pr,uuk

X €gd,std @))

Ccd =
1157Gd’std

Kree BB, L Jn SREEH T 8 74K
(B8R ,"MO/*M B E ALY 7™ 3R, unk Rl B R
T std NARHESS I .

TS TEL AN A AR AT LA AR i 45 8 TR 8 71
TREE BE AL TR SR AR 4 e 1 R B o B Ak Y 25 1]
RTS8 A DR R T S Y BT 90 » [ I o T i o R A
RN 5 ] 2 5 o2 1 HE X4 Y @ T, A AR T
R PFREAR G R R FE L A h 4 FHkk. @i
FE Yk E]  FH HNO;, (5% #3645 7 i1 BT 9 Bk
F T 2 5 40 B vt R BE ) s A R i 5 R )23
2.4 TEBHR

DAV RE 25 R 11 IREOAR AR 22 1Y 3 A 185 B
Xk o7 9 BE AE S D At PR, 4% T 3R H O 1k A 1 BRTE
0. 001~0. 016 pg/g» % T5 2 FLA A 5 L% 2,

F 2 ICP-MS 5y #ff B fir 5 #0175 34 H FR

Table 2 Isotope mass number and detection limits

of the method

_ KimBR/ || KimBR/ || R/
(pgg™» (pgeg™» (pgeg™»

4$Sc 0.016 1478m 0.001 166y 0.001
8y 0.002 1S3y 0. 001 69Tm  0.001
1397 4 0.003 157Gd 0.002 72yt 0.001
140Ce 0. 004 159 T 0.001 175y 0.001
41py 0. 001 163Dy 0. 001
16 Nd 0.003 165 Ho 0. 001

2.5 HEEPHELITEROUE

EATFRE 11 45 e 5, AR B AR LA i Ak 38
J5 R AT R SR R, R A ICP-MS 3l & #6 + 0 K
VLB 824 BT T G 5 B B R LK 3.
2.6 FiEAEWERIE

18 7 36 [ [ R b o 5 B AR B 5 o £ 4L A A v
¥ J§ (Bituminous Coal) NIST SRD 1632d fE H#7 #E
BE i HEAT 43 BT 7 VA HE R BE I E , BRBOHE N 3R 4.
3K A PTEE R EW , H R HE R 2 (RSD,n=
TD#HER/NT 5%, %F He 1632d HEAR #E ¥y IR 48 75 18, B
) 2t SRR A HEFE (B 1R 25 8 B N, AT DL o A Ab 3 %
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Table 3 Analytical results and precision of coal

(n=11)

TLE FHE/ (pge gD RSD/%
3¢ 3.79 2.2
8y 6. 44 1.6
139] 5 8. 46 2.3
10 Ce 17.08 1.4
141 pr 1.92 1.8
16 Nd 7.73 1.9
1478m 1.52 3.0
153 Ey 0. 34 1.3
157Gd 1.54 0. 36
159 Th 0.22 2.4
163Dy 1.21 1.7
165 Ho 0.23 2.0
166 By 0. 69 1.1
169 T 0. 094 2.2
z2yy, 0. 61 2.7
5Ly 0. 084 0.75

F4 BREERPRITRNEERNETE

Table 4 Analytical results and precision of coal

(n=6)

TLH iﬂﬂ%¥i&i{ﬁ/ WFME/ (g gD RSD/
(pgeg™ P %

#5Sc 2.92 2.89%£ 0.03 1.3
8y 5.13 - 1.3
1398 5.73 (6) 1.1
140Ce 11.82 11. 7+ 0.4 1.6
141 py 1.37 - 0. 97
146 Nd 5.43 - 1.5
147Sm 0.99 (€D 1.3
153 Eu 0.22 0.2172£0.006 2.5
157Gd 1.05 - 2.4
159Th 0.15 - 1.0
163 Dy 0.89 0.9 1.1
165 Ho 0.17 - 1.4
166 By 0.53 - 2.1
169 Ty 0.072 - 3.0
172 yh 0. 49 - 2.0
175 ] 4 0.10 - 3.8

3 it

KABR-SRRIESREMER, BT HE
25 VA - P SRR A S B AR T 0k W P 16 A
TR T, T R I 2 NIST JEFRAE,
Sy M4 oK % BEARTE 5% LN, NIST SRD1632d ##5
HEA TR LM R GHHEE B, RWE TR RS
VA I A A 3H 10 Y AR ot 58 4 B T v T i T 2
SRR TEVH AR R T OIS Y AR AR, R — R R T

SR T . R R S A S A B 9 3 T
W EIT R LASERIBR 0 N AR TT R L AT K B 9 B4 A
SRR R WA . T vk B AR T B A i PR L T 2
5K B R » [ P e T A G T LR B R DR
s LU R AR THRSE L.
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