2020 49 H
September 2020

A 5 W
ROCK AND MINERAL ANALYSIS

Vol.39, No.5
699 —-708

HAER, WK, KB, AE. SSHHLIN - 6L B A [ 0 B R R A 4 v BRI B 64 IR LT ] A s, 2020,
39(5) :699 -708.

XIAO Xi - lian, WANG Ya - fu, ZHANG Chun - lin, et al. Simultaneous Determination of Silver, Boron and Tin in Carbonate
Minerals by Alternating Current — Arc Optoelectronic Direct Reading — Emission Spectrometry[ J]. Rock and Mineral Analysis,2020,
39(5) :699 -708. [ DOI: 10. 15898/j. enki. 11 —2131/td. 201908020116 ]

A& T LN — 6 PR B e R K 0 ATk S w152 R 0 1 v R B
5 i WE 58

Hak'?, T2 X", kAEKR, Hlm'?
(L. v [ s o 8 2 SRy iUt s 8 2 o, b 58I 430205
2. hEg B R A G, WAL BRI 430205)

HE . BT F 0 F B A TACHFIE T AR B R 3R A Scth , 38 T R H W AH L, BB R 5 My o9 440
BRI EWFAT R % BAFBRAF e Ln A E, L E 7 ik R HBRNF A ERES N T ETLRT Y
BFrkZ—, WTHRBRITFYELENEL LEFRARBRY AR, ZETHEIEARE OF B854
FEAFTRR SO E L LA, RINMNEESRPRNGOBRRELEE TS EBEARL ST THKEE
R AF, B EAZ i T 5 % £ = RACHREE B o Rk, AT RPARBR AT M6 R IR A ST SRR
IN - e Bk A SRR B T AR B B AR e AT ik, B AR SR AT LR K, A
10% 64 3 BR AL AR S0 IH IR T AR TR 4544009 T30 w45 (Ge) 14 MAT LA BAT 2, 7T VA Ik B B 7808
B AN TACVA AR AR ARG 5 5030 B R R TR B R4S Kk LR AW & T, A4 55 42
KA FEURIITES, RREBIF ;B RRBEREELEAILRAEF R HBE R —RRALFIRE
DFAEAFRERD A AR A S S HRATEMN; KA > LA NFLR o F69 8 &K 2R FHTHFER
I, 2R AU % R AR A9 TR 55 4 0.008.0.49 0. 18 g/g; 7 k45 % & (RSD) a4 X F 10%
HEAYHT 10% ;2B K — BRI FAF LS R BE, 4L 0 E T34 1E 5 A AL 69 x40 218 (AlgC) 33
DNTRFT £0.05,% 2 % AAFR BRI FEEIR 2K,

R BT M AR BB T A AR - b AR R S g R

T

(1) AR ATAIL PN 10% o9 s, Bk T AR TEFHRFA,

(2) BAFEARNFLERITEZE, HRTIEAEZ TR A,

(3) BLEEZBREFTZREMETHZTHAA,

FESES: 0657.63 XHkFRIRAD: A

BB B0 AR B AR RIS AR AT L S e XI5
JEE S, T AT BRI AR RIS AL A
W il PR3 v S AR BRI
S H o S PR O R A, AR
P R SR A 2 PR A I H T B e L
1o v ] MBI £ JR B 2002 AF T i £ 4 [ 3 [ 7Y

TP T % ERR X O BR AL 2825 T0F, % H bRk
T2 B 22 LD S MR 2 L5 B B X
WP SE R TAE A2 — . SRR AR
) B2 % FBR M BR (2 B P 0P E 26, JEI
T MR 2 TT R B ST 7 Pl R T A 1 7
iz e

WfsHER: 2019 -08 -02; f&[E HEE: 2019 —11 -08; #EZF HHEY: 2020 -04 - 18

EETE TR A R R £ T H (121201009000150002)

YEE RN Bk, i, TR, RE AT HERLL 2550 #7798 TAE . E — mail: xiaoxilianezhou@ 126. com,

— 699 —



%5 o

http; // www. ykes. ac. cn

a0 Wt

2020 4

YR, 7E E NS HER AL 22 53 B S, Bk fb 2 IH
K176 TG Hh RS 4 JC R AR R WU A S 8
PR R S TR R
X BRI OIS R I A 2 E X
SR ARUAY i [R] B 00 ) S 2 BR A LB LB LA SR Y OT
Ko WRIRERH W B4R VI8 th TR o0 i A
JE 5y itiT5 G ZS R L SRR OT Rk T
IR, A5 X% = Te R I e R Bk
FRECE W AR B 50 B[R] Bshi 2 B4 i O
MR [ AR R, AT LR VS BN 40 R i 1Y)
HLOR S EIEE % 7 IR E W SRR A2
R S TP, WK & S 6 A o
BB O A 2R RE (R R A 1SR
{7 B A L BORE L 49 40 Florian 251V Tibor 25117
AR R FH LI H IO g Tl A 4 B AR AL S 9 b
A TICE ; A RS R S G T3 &) AR
P A UL TR R L TORE R R B
AR ™ I 1 R S e i e B
BB, A AR S5 T B B IR T R, AT LA B A A
0.001% ~10% F9 83 #E47T M4 ; ok o 20 Bk 17
—E ST ENBAERS R B S EEE  R
AR B E I Rk 2 rh i B 1R M T8
(S b BR s A T2 0 WFSE T 48 1A ) i 4k A 1 9IR
RS B H R R BT TOE T AL
TR e R i TPV B B P T e s A R
TS5 P WRGE T S S i v I o i o 5
0 % PR He A X R 2% (328. 068nm ) A Tl 5K
PRABAEY SRR AR R T R A R K 6
P E T Z bR A S ER AL A FE S R VB, 2
BN A SRS b, B E R R AR R
PR, BT ko R BRI T R IR SR
A PR B L8 A (FR SR AR G A R
S kR A T AR AT R R R
PG EBAE BB AP BR, IR AR

WAk, Bl (SR AR IR &, r I B AR 1
il RUNE R I I 1 PN i VIV A D
To 1 AR RS T R O B AR R o A
FHERUK R TURARE S A T B, B —E
SR (RN TE T SR R I BRR R 07 4 . T
FRET- YRR B VB S AR ( R S P AR Y
JELEN 0.01 ~ 1. OMg/g,E}]ﬂi\j 1.0 ~ IOMg/g,%ﬂ\j
0.1~5.0png/g) , HESFEEGE IR TR T BB & (A

— 700 —

A& B 30% ~ 60% , FALEE & H N 1. 0% ~
30% ) o AR ARG B VAR RIS 55 07 1%, X
T NG EOREOR @, WERBEAIBOR SR AF A1
B S, I U MR 2 1, R i
P 2 W AT AR B (RIS s LA, BRIR R )
TR AR IR B I (R 5 o, FE SR A v X R
R L2 7 A AR AR AR T S AR R, S R
Wi 1R BB INE o BT XS BRIRER B MR R IR T
ARTCR AL AL IR — D' FL T A B DI T M B TR
R YR BB T — R W R R
A A AR AR T P s A AR S o] oA
NAREE EAT BRI E &, SR HT COD BRYAG I 5 A
PEE LA A SIREE, 35 T AR, JF HBEAR
SETELT, REBUEZ R

1 SEUSsy
L1 AYE e TAEsRtE

WG - WID BUAZ By IR & AR s, i E AR
FEHL R, AU IR, — 2 3AL RN 3s 5 THE
P 15A PREF 228, FEBRSGIN[R] 255

SR : WP — 100 B — K- [ G A 354 (b
U OGNS RAETEE 10, 5 4mm, Hh ]
R 3. 2mm, UL K 290nm, = BB IR R 4t
V] e 2 BE A O, DG % £k 2400 Z%/mm, {8 £
6% 0. 4nm/mm

CCD BUAGI &5 : 730 A 0. 01nm, — kP 56
T2 82nm,

30 -3 ADGIEAE L 4 H Sh i FEAL (R IR VLA 58
AP ZR AR BRA WD) < iR Sl 45 % S0Hz, 5% 3
5t/min, §E shH[A] 24 min

pii e EA IRATE: - 3 s O 7 N I
4mm, K 10mm; T HEARCH A FARR, FLA2 3. 8mm, £L,
TR 4mm , BEJE 0. 6mm , 41 H 4% 2. 6mm, Fi K 4mm,,
Jt P AR ) b ] s SR e sk P b 3R A 2 £
BT
1.2 8L

iR G 7 2H A AR AR ¢ AALEh =Rk
TR BBy =220 20 44 14(ERTEZ L, Horp
P TR0 0. 007% 1Y GeO, 1 N NAR) o W)
BCJT 2 « AR =R AR =Rk
ME A RN BRI =72 15:4:4: 2.5
2.5( B EZIL) o BT IS o) e BE e A b



5 M

P AR, A5 ST — D't F IS A S T TR st S i R ) v AR B 14 T A

539 %

] TR B Mo BR ) B b ER fL A B A 5 T o
20g/L WY BEME — ZWE/K ¥ - 2. 0000g FY JRE B
(43Hra) % T 100mL 1 S BEK R (Vo' Vigrx
=1: 1),
1.3 badEZR SN
KRR R S A N LA BUKESE 12 FhER
— IR EAR D) B E R E RS, A5 2 A
—E S U SO SR . S SRR 1

# 1 HUERAE bt e i e 5

Table 1  Geochemical standard substances and content of Ag, B
and Sn
FRNTR & it (ng/s)
FRUER) 5140 5 FruE) s A

Ag B Sn
GBW07129 WREREN A 0.016 1.3 0.7
GBW07128 WREREN A 0.021 2.2 0.6
GBW07131 IR A 0.016 6.4 0.7
GBW07136 BRERE A 0.022 47.7 0.6
GBWO07712 HIR S 0.030 2.2 0.28
GBWO07713 B IR 0.060 5.2 0.58
GBW07714 IR 0.11 10 1.1
GBWO07715 IR s 0.21 20 2.1
GBWO07716 R 5 0.51 50 5.1
GBWO07717 B IR 1.0 100 10
GBWO07718 AR 2.0 200 20
GBWO07719 B IR 5.0 500 50
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Fig.1  RSD values in different concentration of hydrochloric

acid
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Fig.2  Effect of excitation current on the intensity of spectral
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Fig.3  Variation curves of (a) instantaneous intensity and

(b) cumulative intensity
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Table 2 Analytical line pairs of the method

e e g IIHTERIE K NARZR I
FroT
(nm) (nm)
Ag Ag 328.0683 Ge 326.9494
B 249.7733 Ge 270. 9626
Sn Sn 283.9649 Ge 270.9626
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Table 3  Precision tests of the method

o Ag B Sn
FrER 5t

g | WE RSD | WE{H RSD | URE{E  RSD
(ng/g) (%) |(ng/g) (%) |(pg/g) (%)

GBWO07127| 0.021 10.52 1.87 3.53 0.69 5.89
GBWO07131| 0.018  11.31 6.36 2.23 0.71 5.42
GBWO07135| 0.044 8.20 14.77 1.85 1.11 5.12
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Table 4  Accuracy tests of the method
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INEH (pe/s) 0.02 0.013 0.016 0.019 0.029 0.035 0.045 0.022
Ag SEBE (pe/g) 0.021 0.014 0.018 0.022 0.032 0.034 0.044 0.024
AlgC 0.02 0.04 0.04 0.05 0.04 -0.01 -0.01 0.03
IEME (ne/g) 1.9 1.47 6.4 3.7 3.1 2.3 14.8 47.7
B SEHIME (ne/g) 1.87 1.45 6.36 3.68 3.19 2.29 14.77 48.10
AlgC -0.01 -0.01 0.00 0.00 0.01 0.00 0.00 0.00
NEME (pg/s) 0.7 0.5 0.7 0.6 0.5 0.9 1.1 0.6
Sn YA (pg/g) 0.69 0.53 0.71 0.57 0.46 0.94 1.11 0.56
AlgC 0.00 0.03 0.00 -0.03 -0.04 0.02 0.00 -0.03
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Simultaneous Determination of Silver, Boron and Tin in Carbonate
Minerals by Alternating Current — Arc Optoelectronic Direct Reading —
Emission Spectrometry
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HIGHLIGHTS

(1) 10% hydrochloric acid was added during sample pretreatment to solve the interference problem of matrix

elements.

(2) Germanium was used as the internal standard element for quantitative analysis to eliminate the interference of

external factors.

(3) The off — line subtraction background correction method solved the problem of background interference.

Agate bead
J 20g/L sucrose-ethanol  (10% HCI)

e - \|/
B =

Ceramic crucible Mixing sample for 20 minutes Graphite electrode

0.1000g buffer

0.1000g sample

Emission spectrometric analysis Heating at 80°C for more than
40 minutes
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ABSTRACT

BACKGROUND: The abundances and variation characteristics of silver, boron and tin reflect the regional
metallogenic conditions and indicate the existence of deposits or mineralization. Silver, boron and tin in carbonate
minerals are elements that must be determined in exploration geochemistry and multi — objective geochemistry. The
analytical method was one of the essential methods in the matching analysis scheme of geochemical elements.
Because carbonate minerals are different from common rocks, soils and water — based sediments, these minerals are
mainly limestone, dolomite and other rock samples with relatively high calcium and magnesium elements, and the
technical difficulty in determining silver, boron and tin in these samples is that the high content of calcium and
magnesium matrix will seriously disturb the elements with low contents to be measured, and the sample is easily
contaminated due to carbon dioxide during the spectrum recording process.

OBJECTIVES: To solve the problems of rapid and accurate determination of silver, boron and tin in carbonate
minerals.

METHODS: In view of the particularity of carbonate minerals, an analytical method for the simultaneous
determination of silver, boron and tin in carbonate minerals by alternating current — arc optoelectronic direct reading
— optical spectrometry (AC — Arc — OES) was established.

RESULTS: By using 10% hydrochloric acid to digest the sample, the interference of matrix elements, calcium
and magnesium, was eliminated. Germanium was used as the internal standard element for quantitative analysis,
which eliminated the influence of external factors, such as the change of arc excitation conditions and matrix
composition of the sample. The silver element and the long wave germanium element were used to form the analysis
line pair, and the boron and tin element and the short wave germanium element were used to form the analysis line
pair with good sensitivity. Twelve national geochemical reference materials, such as natural carbonate rock and
synthetic limestone, were selected as the standard series. The matrix components were similar to those of the
samples. The method of off — line subtraction was used to correct the background. The detection limits of the
method for silver, boron and tin were 0. 008uwg/g, 0.49ug/g and 0. 18ug/g, respectively. The precision of the
method was larger than 10% for silver, and that of other elements was better than 10%. The accuracy of the
method was verified by the national level geochemical reference materials, and the logarithm difference between the
average value and the certified value of the reference materials was less than or equal to +0.05.
CONCLUSIONS ; This method was used to solve the problem of rapid determination of silver, boron and tin in
carbonate minerals. It is simple and fast, and suitable for the determination of a large numbers of samples. All of
the technical indices of the method meet the requirements of multi — objective regional geochemical survey

specifications.

KEY WORDS: carbonate minerals; silver; boron; tin; hydrochloric acid treatment; germanium; alternating

current — arc optoelectronic direct reading — emission spectrometry
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