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B ARERREE 5 (G B A RER 1~ 5),
Yok [ geE A R 2T M 509 TEBEPT —iF 2 4 m e
X o RLMIMED X LIRS R, IR A0, 4.
He. BH B, 207X LiO SrE—fEN 1% ~ 4%;
BeO V- & #E7E 0.04% ~ 0.06%. {H7E 509 18 PE P
WX —7 1Y 8 3R 8 2R A Xk I BV A1 S5
MR B AL A 57, BeO % m Y [ 4 0.03% ~ 0.87%,
W 2 NI . ARUCRAE X 32 1%
X I8 BeO & 4E X1, BeO & ik F) 0.85%, [t
WA B R — W0 AAEY GBW07151 H BeO
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Table 1 Main working parameters of ICP-MS instrument.

TAESH W TAESHL WEE
FEB TR TR 13L/min RS FifE
L iR 0.8L/min I ] 0.2s
AR R 0.84L/min Tl 40r/min
G PR Normal JEER e [a] 0.001s
D 752 2t B EEEn /€ 50

KSW-120D HBHA (PR BT BEFLYT); FZSB-
033 L HMR (Rt Z WL AR AR T R A IR
3 Tl); BT1248S T HLFRF (FE 2 R Rh 2= AU A R
28]
1.3 RO 32 250

B FBR A bR A I (Be A1 Sn VK EE
10pg/mL): B BB PR A (W B B KA B4
J& B HL AR T ) 128 00 Tk 2 T T TR
BEOTRIMERIR W H B Z A 648 X1k
SRR ARL): WREE 1000ug/mL, B FREAYL Sng/mL
AT

I EALEA (T ah): 1 H = s SR A R A
Al; BRIR (PLEzh): W F AR A2 i A R A W)
1.4 B OAEAL B

HEB AR BB A7 FE S 0.1000gCKE 1 2= 0.0001g)
THIEHHA, AL 1.5g 8 4bah, P25, /B
JA 0.5g o F LB 55 5 b, A THE Z 700°C 19
SR, R 10min J5 (BE & ERELE 52 it sl
) B Y 4D, Vo A Je HE SR T Y 250mL 3
TEBERRIN, A 100°C £ B 7K 2 S0mL, REAE
B 45 HR5 (29 20min) 6 H I3, JE 3% 55 bebr
F200°C B M L ARFFROH Smin J5 TR, SR )E
B 20mL ¥R ERFL IR (i Smin BV A] J2 )
SE4Y), EERAL S AFE f e B 22 T Y 100mL B A
R E AR . S BUIAE 10mL & 100mL %
s, B AES), LHLREI .
1.5 DB o gl

FESL AR, 0 SREC. BRAL . A A AR i IR
LA AT R o S AR A, DLAE K R AR
FEARTHE, AR ZS 1 GPAS o it 42 14 A 7 JE AR DG T ik
DR IR S DRSS (TR BRI , B ke
HRMEE 0.2ug/g AT o DLEFA WEAREY) k4T
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1.5g I, o i 7545 7] PP AR 0 Bl i TR £ 28 5 1Y
WAARAR; ARSEIG NN 2 2.0g. 2.5g I, FF A AR ST
U APRUERE SR BESS MR, SURKEINER 73 K2, ik
Vet WAL I AR 2.0,
2.1.2 RIS FR T AR 5 10 82w 5 G R
(EEIGBITININ
B 75 1A b S A A K i R oY, i TR

#2  WRABOTREPARE S MG N L

U B XA i AR R o e — o R, — ek
I ETAE 0.3% LAF o TH M RIRCE B RE IS
AE EL U A A AR AT I, 20 22 2k s B A B
L FERBAEEUIN, B3 K, ARSI AR, W
BEASEOR, BRI 2 Bk, JUHAEE TR
B A T RE FL IR, SR s A RS 2 B T KR
AR SC R R R B A 3E W R R AR R, A R
AR S B % 225 | R )RR B A S I R
FF RS 10min 10 5% — U AR ISR R Bk R 7 B
XRS5 AP R AR B o 38 3 2 AS )RR A5 4500
T2 FURE SR 0 AR DR E, K 5 5 B2 20 1%
T B, R0 LR A5 55 A0 A AN [ R %) 410 i 3
2,10 fi5 LA IR BEAMEIN SRR BE 2L K, i LR & A
i | A BRI 38n, (555 7 ) PR . DA —
SRR BE R T X RIS DK i 080 B T4E 1ICP K
S TP R B IV AE T RB I, 3 A ICP JATREEREAR, A
ST A T ER A H S B QK R AN S TR S
T3 A8 R s (R ey SO HE R T HA T R, 2
T BARICE MR H e T B AE 5 R @ s
TERATEHE I CBCRE 11 3 HE AR RLONE , 385 1 R AR AU
RN, 76 10 58 B RE B2 i, AR A 5 41 il ik 2]
60%, {H7E 60min NHR{E 5 I A S i b alm T i
B, OiFs T I A5 5 nBe e i th, TE B 10 £330 R A
JE R KR e M I R . AR 10 5 DL Y
i R AT o 00 o) R UK, R Mt R oK, (R
A B i DX 0 AN B 1 2% I, AR SO R L
10 MR IR A T 56
2.1.3  AHERL S AR e
H R A3 SO I i 5 5 P A B AR Z A0,
Sh R UE A 2 RN i DU A5 R 1 — B, 75 AR
THE 2R ST LR DT . AR SO B A e ] B A 1
R B 10mL A& 2R BEAY 25 FTH R, SR BR
1o 0 LA 5 P ] B0 P bR [T SR ™ BT R

Table 2 Comparison of inhibition degree of Rh internal standard signal by different dilution ratios.

AN ST ] AR IR (%)

Fi R A
10min 20min 30min 40min 50min 60min
5.0 fi 212 20.1 18.7 17.2 15.4 12.9
7.5 1% 35.9 345 32.0 29.9 27.8 25.7
10 f% 39.4 403 38.8 41.1 39.5 39.0
15 1% 53.9 525 50.4 51.8 49.7 50.2
20 fi 68.4 66.7 65.9 67.2 68.3 66.8
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G, VA S ARTERE W 2 A 54 45 14 1) — 350k
THPR R GuiR 22, B B i o ) oA

Sk IRIEER o3 X 4 0 2O A I 11 4 A
e e, A SC LA 5 A1 8 s o T TR TR A1 R A 5
30.0ng/mL Al 800.0ng/mL i & b M7 TR K 45, I
PEATIEARIC L, S Zdb R, LN NAREERR 10min T
R RIS S S5, T R R 2 A
I (RS % B (RSD). MR 3 WL Y, (IR Fr 4k
RS I ARXT IR ZEIITE 5% LAY, B & Mo s 3%
S I 72 A 1 AR X 1R 22 294 4.0% LA Gt Th Y
10min [H] B 4 6 YR I & 45 5 19 RSD 1153, e RfE N
2.54%, IE B K 3 e LA HE R I AR E T R AT
F5 A CHl TR 77 S 6 2 T e A BT ), T R K
SO 2 R RORG 2 K
2.2 TREERE LI\ RIS B B A A S PR

A

DE AR N 20 RS Z VAL = TN el
455 R (BeO & i 0.85%, 8 & &t 0.078%), IR )5
FIRE R AT FIIA 5.0, 10.0, 15.0, 20.0, 25.0mL 52
HATIRIE, AN IRIERFR N A S FE i AT 6 17, 11
LR MR R MRS (RSD). % 4 45 B0, A
ER TR A A A6 0 45 S 24 0 LA B i — B,

3 SRR VR BRI BT FR A R R

A% E AR KZES . B A & k3
15.0mL J& 52 BRAE 0 DU 5085 % & RSD ik 3 2% 72
A, B M A I SR, Ak S B B A i
8 B O IcAT I S B 5, (H Ry 1 s SR o A R,
ARSZEGBEPE A 20.0mL £57R .
2.3 JIEBORIEO
231 Jy A H BRI 5

BC i B AN B 7 AN IR A AR A T 2 s 0.0, 5.0,
10.0, 50.0. 100.0. 500.0. 1000.0. 2000.0ng/mL, LA
P25 PSR ARICIE, dF17 2 il (& 1), Ltk 47E
0.999 Dk I UEBHAR SO ik mAREh - Je A4 5, (HZ Mk
AR RAT, A SCOT A2 i L PR LA BRL T 3R 7
B AT IR 3 2%; Gn g A4 R I g 1 PR AT 3k 5
5.6%.

FEAR SO R A B R, SPATIE R 12 I A
FEG AT RTINS, LA 3 A At g 25 1153 A T R K
HBR, BAG HBR A 0.2pg/g, K HIFR M 0.17pg/g.
2.3.2 7R RORS  E

E R — Py B, B A bR e i i b, 1%
AX B TR B, MR SO LR 6 A AR
W bR #E W GBWO7150, GBW07151, GBW07152,
GBWO07153. GBW07154, GBWO07155, VA X85

Table 3 Effect of continuous high salt matrix injection on accuracy of Be and Sn determination.

91 i TR A PR RORE S0 28 30ng/mL TRAPRUE R S5 800ng/mL
NEEER
(] Be &t AR IR 2 Sn i AT R 22 Be &t AR 22 Sn ¥ AR IR
(ng/mL) (%) (ng/mL) (%) (ng/mL) (%) (ng/mL) (%)
10min 29.3 -23 30.1 0.33 807 0.88 787 -1.6
20min 30.4 1.3 30.3 1.0 799 -0.13 793 -0.88
30min 312 4.0 30.0 0.0 791 -1.1 806 0.75
40min 29.7 -1.0 30.2 0.67 810 13 794 -0.75
50min 29.5 -1.7 31.0 33 819 24 791 -1.1
60min 30.8 2.7 312 4.0 809 1.1 790 -13
RSD(%) 2.54 - 1.66 - 1.20 — 0.83 -
F4 HREMA BB B IS R E P
Table 4 Effect of adding amount of hydrochloric acid on stability of Be and Sn determination.
BN 1PN
il e H
5.0mL 10.0mL 15.0mL 20.0mL 25.0mL
BeO W FIME (%) 0.84 0.87 0.86 0.85 0.86
!
RSD(%) 7.2 33 2.0 1.9 22
s W FIME (%) 0.078 0.079 0.079 0.078 0.077
n
RSD(%) 8.3 4.1 2.4 2.5 2.6

TE: TSR TP B B OSSR I N SRRl SEPR TAE RPN 20K, ASSOU A I E S R B Ll BeO . B LA L URIR .
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Fig. 1 Calibration curves for (a) Be and (b) Sn determination.
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I 45 3 1 R et i e PR 42, X PT fB 2 AR SO
TR E B 7 1 1) 22 S P 10, (3R G0 0 22 o AR X
RZEITE 6% Zo4, £7A CHL BT 7™ S 50 28 Ik o £
AN ) s S XA A T A e 45 SR AR X 1 22
TE 5% i, MR & XA gy A o 45 SR A X%
ZE/INT 29, WEIIAS S R AN ) B 8 ) et Y A
RAFHERA L
233 JiikLbxt

WA ST Sk BT L, B 0 SR
% ] RV ICP-OES/MS 5 22 48 b A5 fib 7 32 Fh
R ICER, S TS BN ST R 1 RIEHI e, (5
ZrEEH TR R RS A iR TR, AR
T AR SRR 1O SR T R A A
fill ICP-OES YA & B0 A1 i e TR, BAR

%5 ERE AR BB I SRR %2
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BeO #ill [ FRIAF] 13.3%, Al LI E Bk 5™ oh Ad e
BB, (A R 0.019%, I 5 T 3005 1 kG
PR 0.2pg/g, Al RS 80 A h 8 mile . A
SO A I BR T 0.2ug/g F10.17ug/g, fFETH 2
WA FE R IN 5 22, [ s Az b B BRL o 5 S ak 29%,
54k BeO 1 5.6%, & H A SR S kw4 ir A1 & 1t
BUR . AR, AR SCR B BB T 5 TR0 067 B, B[]
B, RIS ERCE T . I, B X AR S AR
R 2085 B3 B A REfh, A SO TR MER T 5E
BRSBTS AN IE . B ik AR
LRV B 98, (H AR 2 & i SRR, —
2 R R e A2 A0 15 Y i 2%, 1 AR A I R
;s IR RN AR AR B f B 1 T RBAS R 2
R AR TR
2.4 JHENMHSY RN
2.4.1  SEBRFE S AR 1 I R %

DE =P Nan 2 Ay -y PR 7 N Eifrrs 5o
(RS PR T RE S AR R 42, Fi 08 1.4 5 RE A A 3
T AT I AR, BEAFESCEATIH R 6 YO EALIN E
B RN i, TR RN 8 00 3R 45 SR AR X B oA

Table 5 Determination error of Be and Sn in national first-class standard materials.

FRUEYI R BeO Sn
K PRI (%) WSER (%) RSD(%)  MINFRE(%) | FRERL (%) WM (9%) RSD(%)  HIIE(%)

GBW07150 0.060+0.006 0.060 4.1 0.0 - - - -
GBWO07151 0.365+0.026 0.359 2.3 2.6 - — — —
GBWO07152 0.018+0.001 0.019 4.7 5.6 0.0036 0.0034 49 -5.6
GBWO07153 0.026+0.003 0.026 35 0.0 0.0097+0.0005 0.0093 4.4 —4.1
GBWO07154 0.033+0.002 0.033 39 0.0 0.0052 0.0055 3.6 5.8
GBWO07155 0.033(0.032 ~ 0.009) 0.035 4.0 6.1 0.0063 0.0066 4.1 4.8
GBWO07311 0.0026+0.005 0.0025 4.8 -3.8 0.037+0.0068 0.037 3.8 0.0
GBW07282 - - - - 1.27+0.001 1.22 1.3 -39

W VIR E; GBWOT311 HB4LE H N BT,
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2= (RSD) K HNWi ik kG % 1 . N 6 KF, Ak Fe 6 SEBRAER S BEANSIU E h  E

rEa ML T 0.1% i, MK % )E R 22, RSD 1453 5%, Table 6 Precision of BeO and Sn in actual samples.

T AP & i KT 0.19% 11 4 ASFE, RSD AR AE 3% J— BeO s

JEAT, DHRKERETE BT B i AR BIE T 0.1%, (EL an [ WEE rep | WEE  Rep

i RSD ¥/NT 5 %, BLBAAS SO % T8 At s ‘ (%) (%) (%) (%)

I 0 A2 BT, 445 95058 0 o S NG
§ Fidh 2 0.171 2.5 0.029 2.6

R R 3 0.350 3.4 0.040 37

2.4.2 YN H——H A T A SO AR Fhh 4 0.549 3.1 0.054 25

TEE R FEfh 5 0.850 3.0 0.078 12
T8 2 XM S B AL . AR T B A TR
595 B I IE DL SEBRARE S RS B R IIE, A RIVBI AR AU R En g pe

7 ¥k C GRS I8 F T IR A e LA DR A SRR B T 3R 1Y

M5E, T e T H AT Z M E i mT 17k, LR
HPEHE A RS A TR NPT TR, AR

SO A bR AEYI T GBWOT151, SR8 4 bR fEY)
5 GBWO7152 F1 5 K H BT KLLMD X 1 SRR
FE S, DA 7 352 B0 1A o6 28 mT [R] i 2 9 T 47
. BT GBWO07151 H e dnsfa et & g IR A E
{H, PLFE S R B s 1 oo 2 e 45 51 . @t A SC
JrRHIE, 5 A SEBRFE S P IEAAN ST OUE, W+

W 7 R 8 B nT UL, A HR A I
gt L KLU R 3 <5.0%, AN R 22 48 5l fe KA
5.67% W S0 A B S EOR . W L on R E 4
1% RSD Mt fmr, HIEEAERLE 109% LU 5 MX iR 2ZEA
(AR R, U 6 AR S FE A 2 31 T P, s e e B
1) JE R R A S B s A A L e K, B H e R M
XR8P B 118 0 05 SR 2 PN A %Btt
2%, A AT RS R T ER & i IR, 1R 2 1
ARG 25 T B, %00 2 (E R A 25 EK%

JUE i MR S e 45 R0, BT DA AR R 2, AT e AN

%7 ER PP h R AR S R AR

Table 7 Determination accuracy and precision of associated rare metals in national first-class standard materials.

GBWO07151 GBW07152
LR FRAE(E DSEME RSD AR PRUfE(E INE E RSD FHXT 2
(ng/g) (ng/g) (%) (%) (ng/g) (ng/®) (%) (%)

Li,O - - - - 0.46+0.01" 0.47 0.7 2.17
Rb,0; - - - - 0.145+0.011" 0.147 1.1 1.38
Cs,0, - - - - 0.0370.003" 0.038 23 2.70
Nb,O; - - - - 27.0£2.1 27.0 4.2 0.00
Ta,O5 - - - - 49.4+4.7 46.6 5.1 —5.67
Y,0; 28.9+2.9 30.8 4.2 6.6 16.9£1.8 16.4 2.8 —2.96
La,0, 7.7£0.7 7.2 5.0 —6.5 5.1£0.5 5.4 5.5 5.88
CeO, 14.8+1.4 14.4 4.7 2.7 9.0£0.7 8.6 5.5 —4.44
Pr,O,, 2.0+0.2 2.0 4.1 0.0 1.3£0.3 1.4 3.9 7.69
Nd,0, 7.6£0.7 7.8 5.4 2.6 5.0£0.6 5.1 4.1 2.00
Sm,04 2.7+0.2 2.9 4.8 7.4 1.6+0.2 1.4 6.8 —12.50
Eu,0, 0.15 0.12 10.2 -20.0 0.14 0.12 13.2 —14.29
Gd,0; 3.8+£0.4 4.1 52 7.9 2.1+0.3 23 5.7 9.52
Tb,0, 0.8+0.1 0.84 3.7 5.0 0.43+0.05 0.46 3.8 6.98
Dy,0; 4.6+0.5 4.9 1.9 6.5 2.5+0.3 2.5 33 0.00
Ho,0; 0.87+0.16 0.92 3.4 5.7 0.45+0.10 0.45 53 0.00
Er,0, 2.2+0.4 2.5 0.9 13.6 1.2+0.2 1.3 43 8.33
Tm,0, 0.36+0.06 0.36 3.9 0.0 0.18+0.03 0.19 6.8 5.56
Yb,0; 2.5+0.5 2.4 0.3 —4.0 1.3£0.03 1.4 2.2 7.69
Lu,0, 0.31+0.05 0.34 2.5 9.7 0.18+0.04 0.20 4.4 11.11
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Table 8 Determination precision of associated rare metals in actual samples.
S — Li,0 Rb,0; Cs,0, Nb,O; Ta,05
p A=) M RSD M RSD M RSD T RSD M RSD
(%) (%) (%) (%) (%) (%) (ng/g) (%) (ne/g) (%)
R 1 0.53 23 0.133 1.1 0.013 1.7 92.9 2.0 42.8 3.4
FEdh 2 1.04 0.9 0.114 2.5 0.014 3.0 107 4.9 47.5 4.5
R 3 1.76 1.9 0.088 1.9 0.013 1.4 117 4.9 56.7 4.1
FEih 4 2.83 23 0.074 1.2 0.012 2 129 3.6 63.2 5.0
S 4.30 2.0 0.045 3.5 0.007 1.2 152 3.6 79.6 2.2
3 g R R A S A < R AT R A XV 0 R R

P PR R R S 2, i2E SRR,
FAESTR AL, JF HZ MAERITR, i, B, it
JUEAF o B PRI L vl LA DR AR £ o0 2N L3 it 1Y
SMERS, (LT XS P A= B 47 B BT A PP B R 8 s i (0 A
sty A8 23 PR SSCR A AN B B, 0 RO T R R AR
TERIA R o X TRAT SR M7k, 5 AR
A A AN TR IE

A St 7 i AR AN TR ICP-MS 7%, REMERA

D45 2 B /NT 5.0%, AH X 22 46 XHE /N T 6.1%,
AU SR 75 0.018% ~0.85%, 8 S5 0.0036% ~
1.27%, ATl S B A o DR R AR AG I R
(] s, 3000 At £ A= 0 22 B Al A B A AR T R
i 250 P N 0 S8 R W A IR, v LAEA TR A AR
(22 TC R AR SE o H FR 00 1 R A v R o 2
PRI, B T 3 A AR TR, DRI ok B R B ) 2 AN
B B, AU B 1 T 2R A 22 B3 K

Determination of Beryllium and Tin in Beryllium Ore by Inductively

Coupled Plasma-Mass Spectrometry with Alkali Fusion

CHANG Xuedong, DU Jing , SUN Wenming, XU Guogiang, HOJI Amina, DONG Ruirui

(Urumgi Comprehensive Survey Center of Natural Resources, China Geological Survey, Urumgqi 830057, China)

HIGHLIGHTS

(1) Based on the strong decomposition ability of sodium peroxide under a high temperature condition, the

simultaneous extraction of two insoluble elements beryllium and tin was realized.

(2) This method has a wide linear range and wide application range, and solves the problem of analyzing only high

content beryllium or tin in ore analysis methods.

(3) Through extended application research, the method can be used to simultaneously and accurately determine

beryllium, tin, lithium, rubidium, cesium, niobium, tantalum, rare earth and other elements in rare metal ores.
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ABSTRACT: Due to the complex composition of rare metal minerals and the diversity of mineral components, the
existing mass spectrometry methods for the determination of beryllium mainly focus on the analysis of low content
beryllium in geological samples or ore samples, and rarely study and analyze the associated insoluble tin element in
beryllium ores. A method for simultaneous determination of insoluble elements beryllium and tin in beryllium ores
with high grade beryllium ore and associated high tin content in Dahongliutan, Xinjiang was established. The strong
complex decomposition ability of molten sodium peroxide at high temperature was used to destroy the solid crystal
lattice in the mineral, so that the target object was converted into soluble salt and extracted. The salt content of the
sample matrix was reduced by 10 times dilution to ensure the long-term measurement stability of RSD below 5%.
The matrix matching of the calibration curve was performed and determined by inductively coupled plasma-mass
spectrometry. The linear relationship between beryllium and tin was good in the concentration range of
5-2000ng/mL, and the correlation coefficients were greater than 0.999. The detection limits of beryllium and tin
were 0.20ug/g and 0.17pg/g respectively. High measurement stability (RSD)<<5%, the upper limit of measurement
of beryllium oxide was 5.6%, tin was 2%. Compared with the existing methods, this method has a wide linear range
and is suitable for the analysis of beryllium and tin in various high grade beryllium ores. The established method
was applied to polymetallic rare metals such as high-grade beryllium ore in Dahongliutan, Xinjiang, and it was
found that the precision of the samples with beryllium oxide content above 0.85% and tin content above 0.078% was
good. This method is also suitable for the determination of other rare elements such as lithium, rubidium, cesium,
niobium, tantalum and rare earth in beryllium ores.

KEY WORDS: alkali fusion; beryllium ore; beryllium; tin; inductively coupled plasma-mass spectrometry
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