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AT LA

W IO R B A S s TRk
B (ICP — OES) M1 et R 4 45 5 1A
i (ICP - MS) "7 4 ICP - OES i@ 3h %Ak
P ZEACRCRARME , K 1 BRAS S e TE 240 WP S AL
R ILALT 1CP — MS 3 Ff7 A 5 IR OB 3%
W, ICP - MS 7EJR R AR R T R A0 Iy T B £
TOZE (RIS ARG Gt FRARG 4 3 5 0 L 0 2
o, CAER LT R i a & 2R e
RT3 ) i AT L R R T A o B S 24 T i
FARCATUR G % i, W] ICP - MS o 71 6 A +
T [ I A O HR I A, BOA SO ICP — MS
TR, X6t A ] i X T FE R 84T L 00 2 A9 A
SRR AE BEAT 20T , AR O T B A
AE R SR BIFSE A i) X 4 DR o PR B AR AR

1 925y
L1 Y288 T1RAAE
NexION 300X %4ty J& #4545 B 1 1K J51 315 1%
( 22 EPerkinElmer /A &) ) ; Milli — RIOS 30 JE it 7 45
AKAY (3 Millipore Z371) s HXN — 1 J32.£1 Sh2&
PRI T RAR CHTIL b R T 2 MU A i 3 A BR 2
A]) ; EH35 AU ff 4% 0 i iy #A ( Lebertek 23 ] ) ;
XP205DR % K ( Mettller Toledo 23] ) o
FHVEEWO ICP - MS (1) TAES 84T H %
b, A RALEE ALY SO o PR S5 4 T4
FrRil BNt A TARSRE LR 1,

41 1CP - MS U235 LA
Table 1 ~ Working parameters of the ICP — MS instrument

THESH BB A TAESH BOE A
YIRS 1100W s J5 =X Bk e
BRI 18.0L/min AR REL 30
PR 1.2L/min 15 BE B i)/ L3 15ms
F i 0.93L/min ||BEA™ 5t E 4L 3
RAEHEFLIR 1.0mm SR B ] 20s
IR 0.5mm

1.2 btz 200

ZICEM LR UERG F U . A04 La Ce \Pr Nd Pm
Sm, Eu, Gd, Th, Dy, Ho, Er, Tm, Yb, Lu, ¥ & N
1000pg/mL, W [ 15 A €442 & S i A0k il ik
HLs s IR TG 28 b E it 4 WK : A4 Li\Sc . Ge \In \Bi,
Th Rh, # & 10pg/mL, 14 B E %A (44 8 i
BHRMATAELE s JEE Be Ce Fe In Li Mg Pb.
U, ¥ N 1weg/L( 3E[H PerkinElmer 2y 7] ,N8145284) ,
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TR R RIR IS M4l , W B s i B e e T
WA Ak (LR > 18MQ - em) iy RIOS 30
AU 4K R 48 (3 [E Millipore 24 ] ) 45
1.3 AR

PUEAT QM A0 R AR BRI 4, R 4R
THEEFERS S :RQ) \ HAK (FEfHgiS: QM) |
THFERGTYT) 3R CFE S 45 YC) BRI
L HFAE HFE L CBES2 PN RER
ROWACR, Bl Ao A6 E 6 RERGE EE
e AR A JEE R MISEEE, BB MBSt
BB RS W, 4 R 2B GE R D ECh
eifs B o A b 28 0k R L 4R S SF LT ) R BE
<T4pm[FE S 76 THRER IR R

SRy i DR R T XS 174 [ AL, 4 391 R ) R 1 R Ak
FEXT H A TRTAL B, A SCEF RN B B FE 5 20 R
TEGER - B . DUBIERER — i R R A A R AR I
LN

AR TR — IR — SRR = R 2 P e, TR
BRI

HERAFRIL 0. 05g (5 21 0. 0001 g) 1 HH FF 5y
AR T RV I R AR s D s /KT
JIA 2mL A4 R A 2mL SR, I SN E S A, B
T 190°C e LA v 480, 4R J5 B M, i3] vl #4di I
ZEREILE T, A BMA 2mL iR 2mL SRR,
PR ZE & 2T, TR 2mL A5 B2 1 2mL &5
iR, s SO E % A, B TR R 12 ~ 240 B
L TE B TR R R AT, RRA TR H A R L
% A 100mL 25, 2% BORSIR 2 45, Rl .

VA 7k DU ER B — (TR R s , AR R
EHEHL,

HEBRFRI 0. 05g OR§ A £ 0. 0001 g) 1XFF , B T4
SHPR I A DU R - B R TR A R R, B
A, B E T B JHE 2 1000°C (1 & TR e gl
30min, HUH IS B A A 10mL 10% fig R
1) 100mL 3 PUFR £ M B pf v, e I i ) 72 100°C 78
TR BN 4mL 50g/L S A AN W, Bk S
BB FHIAR) 50% RS FREFUTIE | 12 I 4K
HUEVIVE R 10mL Fb A B R 20 £ 100
1.4 brifEh ez

HERA R BT K 2 100 wg/mL (195 IR G4k
HERE A 0. 1mL, F 1% SR E 25 2 100mL, Fii il 5%
s BIR A bR T E BRI, BN 0. 1pg/mL,
TRER W BCAR ME %5 W BE i 0.,0..01.,0.02.,0. 1,0. 2,
0.5 ImL, H 1% R & %5 2 10mL, Bl % JC R i i
WIS 0.0.1,0.2.1.0.2.0.5.0.,10pg/L 5]
O R VA ) %o B VYR
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JHBET A5 - T AR A — v SR 4 8 T RS R T A R v 1SRRG Lo R

%39 &

PIBR ) T ) < MR IR B 348 10 g/ mL )R
BRI 10mL, ] 1% 82 E 25 2 100mL, 7 B
SR IE R Lpg/mL IR -G NFRE . LA In S5 AR
PIlsE La Proc& , LA Rh 3 NARYIIIE Y Dy (Er,
Eu.Gd Nd .Ho .Lu.Sm.Th . Tm .Ce .Yb JTZ,

25 ISR TC ]« BRAS AN AR SR AR S,
ARl T A v R T T AR T
X BRI

2 giRkS5ihe
2.1 EfRRNERE

TEECHE UL A A AR5 #0135 TR g A
TrEH T R AT . S5 R ik 1 Rk
FE S o0 42 A9 B TE M W . HW L ou Rt
KR ATE 95.2% ~ 118. 0% Z ] 77 ik 2 el o
T A b Vi 5 4, B b v B 1 e 2 R A
92.3% ~103.0% ZJi], Th#(%5"> il T ISR -
AL SR RN R 1, ICP — MS 2 Hrp (i T 4
JEICE ARG LUK, IMA L F LR BN TR
A B HLER, AR R AT T RE 5 0 JE 7 A
AL A, HAE A R £ o0 R MICRAE 86. 1% ~
105.7% Z [, W25 U425 207 SR IR ¥ v R B s 1 4%
B, SEHERR AR IR A R RN = SR A, H 50%
ERFRPEEN, PR U, Y8 S U 4UK AL S5 B, B
F ICP — MS iEE A oo R AEL e & & 7E
Vs f b R A T R R v R A U o P R
TR AERRE . B ATHER, TR T
FESYEEIN, ik 1 BRRE T I AR 20K s ik 2 X F

462 beifEh g BRI HTbR

Table 2 Standard curves and related indexes

RFER 530 HH R A AR U RE I AL 2R o R SR
FEI7E L AEAT DU I8 . R, A SO A2 1977
TRZ MR - ERIRIE AR
2.2 MO B Wb oC F TR

— B DU e B AR o0 1 0 58 2 E R A —
SE I A7 R FH 3 B TR T PR R R T4 A 1
MR 7 BRI W s AR A
WS T DU AR f5 5 (9 S 301 5 R RS X 2
PRBEN AT VA o J2 2% 5 1 o0 2 o A
AT EAE Al R S AR AR B JC R A AR, P AR S5
AT RO AN In AR AR AN FR IS , 25 FF Al 5

SETRE, G E FREEENT 15% .
2.3 SBriikirr
2.3.1 JrikkuhiR
PEGE TR i 2 R 11 Wk, I E TT R A5 5

M 7 AL, AT 5 e B AR AR AR 22 (o) 1 3 A% o X
o7 A o B M, 1 A B R 0. 0008 ~ 0. 0091
we/LL G55 L3 20 i 200 3G T SR A o T
fif ,JICP — MS 350 7 15 60 41 5 00 &, A7V
SESUHGE T SR MOT IR A TR K i, ICP - MS
e TR TR X AR A TR
Kt BR>A 0.002 ~0. 028 g/ L, A J7 i i Tl =5
AT A AR, 6 R B AIR, 000 5 5 SR B ] &g
2.3.2 FIEKEE

HOC i TR B S ME VS W L 2R UERE 6 Uk, I
15 FPOTZR B & &, 45 70 2 I {8 A9 A8 X0 A 1 e 22
(RSD)#£0.55% ~1.83% Z [8] (£ 2) , KA K IEM
2 B R

. v o T ik R WY RSD WM
i tou g EVEp¥ HHK R B Cpe/L) Cpe/L) (%) (%)
8y y =11273. 6x +34. 3358 0.9999 0. 0008 0~10 0.68 1.32
91 y =21295. 6x +34. 3538 0.9999 0.0036 0~10 0.72 1.58
0 ce y =22152. 2x +49. 7987 0.9999 0.0078 0~10 0.78 0.61
41 py y =41075x +100. 858 0.9999 0.0029 0~10 1.76 0.58
142Ng y =12737. 1x +10. 0332 0.9999 0.0010 0~10 1.83 0.72
1528m y =14301. 6x +48. 3617 0.9999 0.0015 0~10 0.93 0.84
SO y=1.844771x +0. 11593 0.9999 0.0027 0~10 0.72 0.79
18 Gd y =1.471487x +0. 19631 0.9998 0.0058 0~10 1.80 2.82
19T y =47088x +305. 9453 0.9999 0.0022 0~10 1.72 3.98
164Dy y =13553. 3x + 106. 294 0.9999 0.0091 0~10 0.62 0.99
15 Ho y =46616. 3x +243. 263 0.9999 0.0014 0~10 0.61 0.41
166 oy y = 15467. 7x +83. 3893 0.9999 0.0029 0~10 0.69 2.76
19 y =47700x +250. 002 0.9999 0. 0009 0~10 0.80 1.08
74 yh y =16328x +144. 771 0.9999 0.0067 0~10 0.79 0.68
5 Lu y =44003x +405. 547 0.9998 0.0013 0~10 0.55 1.65
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2.3.3 JiikAaEtt

BEATL Al H— > 1 A i 1) T A 8, 20 31 0
2.4.6.8.10,12 18 20 24h #iHE, U E 15 FocR MY
T, FICRTE —EWEN RSD 7£ 0. 45% ~
3.08% Z A (3 3) , 45 R WIFEFE S il & 24h 5%
JCR & EAIRERAE o
2.3.4  JrykImbREgeR

B AR E A R S 56 T 9 A R RE S 6 4, 43
S — 7 F2 B A M I, I L TT 2 9 b [ i
ROPATINE 3 WK, S5 F B R i ey 101. 0%
~120.0% fF5ICR MIEZEK . P R L3R 3,

43 e tERbR IRl IAg A5 R

Table 3 Results of the stability and recovery tests

o RSD D)1 1E 75 N 5) X (= R 41U mYes
(%) (pg/l)  (pg/l)  (pg’l) (%)

Oy 2.05 0.010 0.007 0.018 110.0
31 1.56 0.2 0. 141 0.344 101.5
140 Ce 0.76 0.4 0.380 0.785 101.3
14 py 0.74 0.1 0.043 0.153 110.0
H2Nd 0.45 0.1 0.183 0.285 102.0
1528m 2.82 0.05 0.047 0.098 102.0
S Eu 0.63 0.02 0.016 0.038 110.0
18 Gd 0.82 0.1 0.088 0.190 102.0
197}, 1.62 0.01 0.008 0.020 120.0
164y 1.36 0.05 0.045 0.098 106.0
1 Ho 0.52 0.1 0.009 0.110 101.0
160y 2.70 0.03 0.028 0. 060 106.7
19Ty 0.61 0. 005 0.004 0.010 120.0
7 Yh 1.52 0.03 0.025 0.058 110.0
1 3.08 0.005 0.003 0.009 120.0

4 AN R R Lo # & miliLai R

2.4 RIHEMoCERC B0
T R BT R A2 SR AR R AN [R] , B A
TICE MRS I R R R R AE . A R T
&, AW 190K (REE) #5870
REE — i B A B ML Ak 1k o, (B2
ME PP RN R, BATHY B 2 45 2 I )
R, X BT BT P B A AR 25 5
HRAEFE i 19 REE {8 #8177 BORL B3 A 45 #E 4L, 75 DA
REE & 5 b5 BROBL I A {8 8 P AL R, 55 5 B0k
BEARBR, 43 0 A3 3 H AR A 98 T H L3 Y Y
REE Jic 53 [ fi# .
SEu WAL
Eu(N)
Sm(N) x Gd(N)
25 6Eu>1.05, FRIER % ;% 6Eu <0. 95, Fr 11
o
JH ICP — MS XA i JH A b 15 FhocR 474
FETATHT, ME SR UL 4. B 1 A W) i DX T
BRI A AR HEIL REE BC o3 BB . 8 504
i 1 JC 2 AR AL R S AT, A () i DX A FH A L 3 72
KA Ay S A AL, 8 T4 L s 4R A
I Tm ™55 34, A0 IR Eu 960555 Ik
Fedh s, LREE f1 8 # + € % (HREE) 43 5% 8 &2,
HREE &4, Eu 27 5% ,6Eu {Hh 0. 47 ;45 5 FE i
MBL AL ok E Eu WA %2 5% AN
SEu {E#0.74, HOR . T HFES 20 R & iR,
SEu {48t S, Horh HoR Y 8Eu {E 2 0. 65, F
FH ) 8Eu {2y 0. 38, B AITHY 73 P U8 ol -3,
LREE 5 HREE 73 S A KHE o

SEu =

Table 4 Determination of rare earth elements in Hetian jade in different regions

BE Fi T 2 fE ( pg/kg)

ERes Y La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu
RQ-1 0.007 0.141 0.308 0.041 0.180 0.041 0.014 0.081 0.008 0.046 0.009 0.026 0.004 0.022 0.003
RQ-2 0.006 0.143 0.326 0.042 0.185 0.043 0.014 0.086 0.008 0.049 0.010 0.028 0.004 0.023 0.004
QM-1 0.015 0.235 0.149 0.043 0.185 0.032 0.009 0.056 0.006 0.032 0.007 0.021 0.002 0.015 0.002
QM-2 0.195 0.220 0.198 0.044 0.187 0.033 0.009 0.062 0.006 0.034 0.007 0.023 0.003 0.019 0.003
YT-1 0.157 0.070 0.114 0.018 0.083 0.018 0.003 0.033 0.004 0.022 0.005 0.015 0.002 0.013 0.002
YT-2 0.010 0.107 0.244 0.033 0.152 0.036 0.006 0.074 0.007 0.045 0.010 0.032 0.004 0.028 0.004
YC-1 0.001 0.026 0.094 0.007 0.031 0.009 0.004 0.021 0.001 0.009 0.002 0.006 0.001 0.006 0.001
YC-2 0.137 0.107 0.260 0.028 0.111 0.021 0.005 0.050 0.003 0.020 0.004 0.015 0.002 0.015 0.003
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Determination of 15 Rare Earth Elements in Hetian Jade by Inductively
Coupled Plasma - Mass Spectrometry with High - pressure Closed
Digestion

ZHOU An - 1i"* ,WU Zhi = yuan® , NING Hai - long”, WANG Dong’, YANG Li*
LU Xin — ming'**
(1. College of Chemistry and Chemical Engineering, Shihezi University, Shihezi 832003, China;
2. Alashankou Customs Technology Center, Alashankou 833418, China;
3. Altay Branch of Urumqi Customs Technical Center, Altay 836500, China)

HIGHLIGHTS

(1) Two pretreatment methods were compared to evaluate the dissolution effect of nitric acid — hydrofluoric acid and
lithium tetraborate — lithium metaborate alkaline fusion.

(2) The proposed method uses less acid and has higher dissolution efficiency.

(3) The REE pattern of Hetian jade was characterized by light REE enrichment.
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ABSTRACT

BACKGROUND: There are abundant rare earth elements in Hetian jade. The accurate determination of the
content of rare earth elements is of great significance for revealing the source of ore — forming materials, the nature
of ore — forming fluids and the genesis of the deposit.

OBJECTIVES: To compare the different acid systems in microware digestion and investigate the elimination test of
polyatomic interferences, so as to develop a method for the determination of REE in Hetian jade by inductively
coupled plasma — mass spectrometry (ICP —MS) with microwave digestion.

METHODS: After comparing the efficiency of HNO, — HF acid dissolution and Li, B, O, — LiBO, fusion, the
Hetian jade samples were digested by HNO, — HF. Fifteen rare earth elements were determined by ICP — MS. '”Rh
and “In are used as internal isotopes to complement matrix effect and correct sensitivity drift, in order to reduce
matrix effect.

RESULTS:: The detection limits of the method were 0. 0008 —0.0091 ug/L, whereas the recoveries were 101.0%
—120.0% . The relative standard deviation was 0.55% —1.83% (n=11).

CONCLUSIONS: This method uses less acid and has a low blank value. It is applied to the analysis of Hetian
jade in different regions. The distribution pattern of rare earth elements is characterized by right — inclined light rare

earth enrichment, which provides constraints on the genesis of the jade deposit.

KEY WORDS: Hetian jade; Trace elements; rare earth elements; inductively coupled plasma — mass

spectrometry
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