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Abstract In order to obtain the full spectrum information of the sample, improve the resolution and
sensitivity, and save materials and reagents, an upgraded CCD-1 photoelectric direct reading emission

spectrometer was adopted,and the mixture of potassium pyrosulfate, sodium fluoride, alumina, carbon and
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germanium dioxide was used as the spectrum buffer. When the ratio of the sample to the spectrum buffer
was 1 ¢ 1,it was evenly mixed and compacted in the lower electrode, and the problem of sampling was
solved by opening a side hole in the lower electrode. At the same time, the selection of upper electrode
specifications was investigated, the excitation current and exposure time were optimized,and an analytical
method for the determination of trace silver, boron and tin in geochemical samples by solid sampling-CCD
photoelectric direct reading emission spectrometry was established. The results showed that the excitation
current wass 5 A for 3 s in the pre-combustion stage, and 14 A for 35 s in the excitation stage. The
interference spectrum could be corrected accurately, the background was deducted automatically, and the
baseline fluctuation of the sample was observed in real time. The calibration curve was drawn by using
synthetic silicate reference materials for spectral analysis. The detection limits (3S) of silver, boron and tin
in the six national first-class reference materials were 0. 01,0.55 and 0. 12 mg/kg respectively, and the relative
standard deviations (n=12) were 2. 4%—8.7%,5.8%—9.4% ,and 5. 2%—8. 7% respectively. The measured
values were consistent with the standard values,and all the indexes of the method met the requirements of

“Quality Management Standard for Laboratory Testing of Geology and Mineral Resources” (DZ/T

0130. 4—2006).
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Wk S0 TR 3 s, RAEFAI 2 s, RAEER B
12 22 H R 5 A RINE 14 AL BRG] 35 s,

AR SH L P 270,962 6 nm, 7 6l 95
21 nm, WHYSHTL S 328. 068 3 nm, H i 4
9 Ge 326. 949 4 nm; 8153 Hrkh 283. 998 9 nm,
HNFRIEL B Ge 270.962 6 nm; Bl (19 4> #7 2k K
249.773 3 nm, NFRIEL A Ge 270. 962 6 nm,
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Table 1 Element content of standard series /(mg + kg™")
JLE SO S1 S2 S3 S4 S5 S6 S7 S8 S9
Ag 0.024 0.034 0. 064 0.11 0.21 0.51 1 2 5 10
B 1.1 2.1 5.1 10. 5 20.5 50 100 200 500 1 000
Sn 0.18 0. 28 0.58 1.1 2.1 5.1 10.0 20. 0 50. 0 100
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FL M 23 ) ) 48 AR M 3. 0.3.5.4.0,4.5.5. 0 mm |-
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Table 2 Upper electrode specification test results

s Hiws/ Ag/ B/ Sn/
P R B B B
mm (mge+kg ") (mge+kg ') (mgekg )
3.0 0.086 15.5 1.7
3.5 0. 090 13.6 1.9
4.0 0. 088 14.5 2.0
GSD-19
4.5 0.079 14.8 1.7
5.0 0. 094 13.7 2.0
FrUEE 0.092 14.0 1.9
3.0 0.13 70. 1 12.0
3.5 0.14 66. 5 11.8
. 0.14 67.1 12.2
GSS-16
5 0.13 69. 2 13.1
5.0 0.14 65.9 12.5
b A 0.14 63.0 12. 4
3.0 0. 69 99. 7 4.6
3.5 0. 62 100 4.9
4.0 0.67 98.5 5.1
GSD-5a
4.5 0.58 103 4.8
5.0 0.67 93.3 5.0
FrHE 1 0.63 96. 0 5.0
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Table 3 Comparison of test results of lower electrode without hole and open side hole

Ag/(mg + kg™ 1) B/(mg e« kg™ 1) Sn/(mg « kg™ 1)
T ) I Y W 7 18 b (i W 72 {8 bR W {8
T AL L JoAL L JoAL L
GSS-2 0. 054 0.088 0.052 36.0 39.1 40.0 3.0 2.2 3.2
GSS-10 0.083 0. 14 0.083 35.0 35.2 39.4 3.4 2.7 3.2
GSD-21 0. 14 0. 27 0. 14 35.0 37.8 36. 3 2.0 2.8 1.9
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HOCRAEFE K AT 35 s Whom BF BB K, o T
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Figure 1 Evaporation curve of elements.
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105 5:[3] B 45 [M2200069] CCDJF-5[2]
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Figure 2 Baseline fluctuation of germanium internal standard for three samples in the same batch.
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Figure 3 Background interference correction of spectral lines (silver,boron,tin correction from left to right).
R4 FEMEMEREHRER
Table 4 Standard curve and detection limit results of the method /(mg - kg™')
LR LG [ml 5 5 # R R HL Jr ik ke R 1: 250 000 £ H brki P 1t 50 000 I &G 3 BR
Ag 0.014~5.0  y=0.9118lgx+0.5799 0.999 8 0.01 0.02 0.03
B 2.1~500 y=0.7356lgx—0. 7641 0.999 9 0. 55 1 1
Sn 0. 6~50 =0.8477lgxr—1. 1265 0.999 8 0.12 1 1

2.6 ﬁiﬁiﬁﬁﬁﬁ%ﬂ**
e MEAXER B E S RO 7 W e 6 Bl 2 — 42

""'.n}#

INT0.10, A1 X bR U R £
5.8%~9.4% .5.2% ~8. 7% . ¥/NTF 10%, 7 4%

Wk H 2.4% ~8.7%.

PRAEY BT HEAT 12 YOI SE R VBB 3 FOC R IYINEM  BUEEARIIE L DZ/T 0130. 4—2006 FLIE 2K, 45 2R
SRR EEMTT , HERG B (Aloge = | logews: — logeyg 1) 3 &S,
RS5 FENEBEMBEZELSLR (n=12)
Table 5 Accuracy and precision results of the method (n=12) /(mg + kg™")
e Ae b S
I W bR RSDV e 5 o RSDV e 5 T A8 RSDV
GSS-23 0. 070 0. 069 2.4 78.6 77.0 7.5 3.22 3.4 7.4
GSS-43 0.062 0. 06 7.2 45.7 46. 0 5.8 2.12 2.1 7.8
GSS-48 0. 049 0. 049 6.8 13.9 13.2 9.4 1. 34 1.4 5.2
GSS-72 0. 087 0. 087 4.9 92.0 88.0 6.8 4.58 4.8 6.8
GSD-23 2. 04 2. 10 8.7 68. 4 70.0 7.3 7.06 6.7 8.1
GSD-32 0.084 0.089 6.8 77. 4 80. 1 8.5 10. 0 9. 39 8.7
FERRRN: R VA D7
A aﬁf;mm %K{’Elmi,éﬁ?ﬁﬁ@,lﬁlﬂﬂ“ CCD ﬁﬂ?ﬁ
CCD-1 A0 W B 32 & 59 06 3% A AE 5 R A% 42 e T BEEORN R 5 i Ty kI AR L L B 1 a3 b



868

AL B Ao

2023 4

S5 AT LR A R TE A BEOR L TR T 4R A
A A A BRI A D T AT RO AR B
VR E R RIS R T A T AR 4R
1 T TR 5 [ S ] A AR ROR R B B A B R 4
AR T L o o e AR A 2 R A At L O R AR O
T & AP E $E A AT fE

(1]

(2]

(3]

(4]

(6]

%% Xk

AT TR Sy, TR L AR M SR se (8 2 JT R 1 b Bk AL 2
P AT AT O L)) 5 9 8 A sk e 2= il
#%,2014,33(2) :252-261.

ZHAO Bo, ZHANG Dehui, YU Lei, et al. From clark
values to elemental geochemical properties or behaviors,
and to mineralization [ J]. Bulltetin of Mineralogy,
Petrology and Geochemistry,2014,33(2) :252-261.
KRS L KRR L EA A, A R A A T A B R
FE HbJBTRE A B ST kR LT ). b [ JE BL Ay A AL A,
2022,12(3):68-74.

ZHANG Chenfang, LIU Xianfeng, HU Jian, et al.
Research progress on determination of silver in
geological samples by inductively coupled plasma mass
spectrometry[ J]. Chinese Journal of Inorganic Analytical
Chemistry,2022,12(3) :68-74.

AR A5 BH. AR 0B T - R B 55 B T MR B3 (ICP-
MS) w5 b Bk AL 22 R i B 8 4R LT 1. b B TS AL 4y
Mr k2 ,2022,12(2) :52-55.

REN Mengyang. Determination of tungsten, tin and
molybdenum in geochemical samples by inductively
coupled plasma mass spectrometry ( ICP-MS) with
ammonium fluoride digestion [ J]. Chinese Journal of
Inorganic Analytical Chemistry,2022,12(2) ;52-55.

A AR VR N T A KA IR T 9O R I E 0
RSP AR L], T B ML A BT A2 2023, 13(2) £ 149- 154,
GU  Zhoulei, XU Xiaohui, LIU Wei, etal
Determination of silver in ore samples by flame atomic
fluorescence spectroscopy[J]. Chinese Journal of Inorganic
Analytical Chemistry,2023,13(2):149-154.
AW, 3R Z L AT 4 Ot O Bk I E Hb BT AR P R i
BT R 4R . 2017(9) :239-241.

NIU Ming,PEI Yan. Spectrophotometric determination
of trace tin in geological samples[J]. Word Nonferrous
Metals,2017(9) :239-241.

BN ZR I PR DGO AL 3R AT b A L 8 R R T
FETTRE B kLT ). B € 42w ,2011(2) :45-46.
HUANG Jin, GONG Yuan. Discussion and improvement

7]

[8]

(9]

[10]

[11]

[12]

of determination methods of lead, tin and silver in
geochemical exploration samples by two meter planar
grating apparatus [ J ]. Xinjiang Nonferrous Metals,
2011(2) :45-46.

BT AR b TR e P R S O T ASCI A b BR AR A R
AR L] S A AL T, 2018, 44(4) £ 28-29.
HUANG Qingchun. Determination of silver and tin in
geochemical samples by special emission spectrometer
for geological samples[J]. Inner Mongolia Petrochemical
Industry,2018,44(4) :28-29.

R AU L IR R 5 06 1 ik D S BR AL 2 AR P
m B ] P E AL 2019, 9(1) 1 39-42.
WANG Chengjuan. Determination of high tin content
in geochemical samples by alternating current arc
emission spectrometry[ J]. Chinese Journal of Inorganic
Analytical Chemistry,2019,9(1):39-42.

ATIGE Ve 224, AR L . ES000 Y 44l B {5 A A N &
56 AT ) K TR b IR AL 2= A 2 A v R LT .
B, 2015,34(1) 1 40-47,
YU Xiaofeng, LI Rui, SHOU Miaojun, et al.
Development and application of full spectrum direct
reading arc emission spectrometer E5000 and its
application in geochemical sample analysis[J]. Rock
and Mineral Analysis,2015,34(1):40-47.

FAGU 20— M MG S RUAL W IR S22 Ui
AL IR B 032 O S OG0 1 T AR R P B R S e R R
TR L] AT WK, 2017,36(4) :367-373.

WANG Heling, LI Guangyi, QU Shaopeng, et al.
Determination of volatile and nonvolatile trace elements
in geochemical samples by fluoride solid buffer-AC arc
direct reading emission spectrometry[ J]. Rock and Mineral
Analysis.2017,36(4) :367-373.

B0R . 20— IR A S B IR SO e
G R BT i@ T, 2023,43(2) : 39-45.

MA Jingzhi, LI Guangyi, DONG Xuebing, et al.
Determination of tin in lead ore by AC arc emission
spectrometry[ J |. Metallurgrical Analysis,2023,43(2) ;
39-45.

B A SE AR HE L i 1 T TG M B B2 ' i TR
SEALERRE AR ST R g R LT . 43 il R
137 ,2016,22(3) :135-139.

HUANG Jin, ZHU Liang, HE Shuyan. Application of
modified plane grating direct-reading spectrometer in
determination of silver, boron andtin in geochemical
samples [ ] ]. Analysis and Testing Technology and
Instruments,2016,22(3) :135-139.





