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IR AT I A% 3] 25 mL A5 REf Y, T Sk e 45, 4
SY 5 FIRRHERS W — 2 A ICP — OES i 2 .
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Table 1  Analytical results of sample weight test
i airy B AR ( x1070) B e BbRiEfE ( x107%) HAXFRZE (% )

(g) GBW07446  GBW07451 GBWO07449 | GBW07446  GBW07451 GBWO07449 | GBW07446  GBW07451 GBW07449
0.0250 123 484 24696 13.9 10.0 8.5
0.0500 118 484 24603 9.3 10.0 8.9
0. 1000 97.3 484 23070 9.9 10.0 91.5
0. 1500 89. 1 377 21525 108216 440£42 2700029001 15 5 14.3 20.3
0.2000 78.6 374 20362 27.2 15.0 24.6
0.2500 68.7 326 16261 36.4 25.9 39.7
0.5000 39.2 186 8029 63.7 57.7 7.03
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GBWO07449 i}, i & s, WA s K, K3
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I, PR A3 BT R (] 38 A 40s
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WP 3 A AR P 2E R ER A
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GBWO7449 , 53 SIFRIUAE ffr 0. 0500, 4 A 4l 2k
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H2.53.0.3.5 4. 0L/min, T PEEEAT 4081 3 1K,
OSSR, GEi P35 v (E 2 8] RO AR X 5222 , F
ST 79 (8 P2 0 BRI B2 SR A R

SRR SR, B FR B AU ) T SO,
(19 2 8, A R T Bl 790 AP R B R B #E AT
2 3 E 25 2R AT RUUE A, S80S0 IR i iR e
T BEAAR , BCRERRBEAN TE 43, R fid R — 7 2 fif
Ffdh R, 2550 1 A SO, UK, 75— 77 Thi L it Jl A
TR, PIAE DL 2 (S R AR AR, O PR ISR R
ROR FEARSAS , 7 R 4. OL/min, 45
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Table 2 Analytical results of the experimental conditions of different burning time and analysis time

GBWO07451 GBWO07726 GBWO07449
KRS 1] i fr it i f it . B B . Re gt Bt .
(s) gt ke TRE D o e TIRE D o wge URE
(x107%)  (x107%) (%) (x107%)  (x107%) (%) (x107%) ( x107%) (%)
5 440 +42 25 -94.3 326 26 -92.0 27000 +2900 13 -100
10 440 +42 443 0.7 326 306 -6.1 27000 +2900 26754 -0.9
15 440 £42 430 -2.3 326 318 -2.5 27000 +2900 26900 -0.4
20 440 £42 443 0.7 326 313 -4.0 27000 +2900 26805 -0.7
25 440 £42 448 1.8 326 308 -5.5 27000 +2900 27099 0.4
30 440 £42 443 0.7 326 303 -7.1 27000 +2900 26360 -2.4
GBW07446 GBW07451 GBW07449
SR g B . I i’ BiEht B ;
(+) et owikee TR en e YRR e e IR
(x107%)  (x107%) (%) (x107%)  (x107%) (%) (x107%) (x107%) (%)
25 108 =16 82 -24.1 440 £42 335 -23.9 27000 +2900 23435 -13.2
30 108 £ 16 107 -0.9 440 +42 438 -0.5 27000 +2900 26364 -2.4
35 108 + 16 105 -2.8 440 £42 446 1.4 27000 +2900 27400 1.5
40 108 + 16 108 0.0 440 +42 452 2.7 27000 +2900 26994 0.0
45 108 +16 111 2.8 440 £42 455 3.4 27000 +2900 27330 1.2
#3 ARNREILEEER
Table 3  Analytical results of oxygen flow test
GBW07360 GBWO07726 GBWO07449
AR | g i o ik . IR gT B S B B S
(Lmin) | g wti ORE L gen ke TIRE D pope st IR
(x107%)  (x107%) (%) (x107%)  (x107%) (%) (x107°) (x107%) (%)
2.5 532 £84 677 27.3 326 384 17.8 27000 +2900 34988 29.6
3.0 532 +84 618 16.2 326 392 20.2 27000 +2900 31888 18.1
3.5 532 +84 570 7.1 326 338 3.7 27000 +2900 28438 5.3
4.0 532 +84 532 0 326 327 0.3 27000 +2900 26173 -3.1
4.5 532 +84 7 / 326 x / 27000 +2900 Jc /
5.0 532 +84 ¥ / 326 ¥ / 27000 +2900 Jc /
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2.1.5 b - LTAMRIOEHEE R IR RS A5 JREHAE AR (0 =12)
P Table 5 Precision and accuracy tests of the method
SO PR & AR RE 5 DA S ek U Far R o
N — = . AR . RSD Yol 15 25
B, SEH FE 5% b 4 i GBWOT361 (s 45 4 66 x L E S
X ‘0 (4
107°) |, i B 2 ) SIE 0 % (R E A G 12 9K, DA 3 3% (x107)
FRUE R 22 7E R 2 K B, 3R A5 46 R o 10 x GBWO07449 27000 +290 27100 0.6 -0.4
1075, 336 12 22 FBRAE S A0 BT s GBW07403 123 14 122 5.5 0.8
’ ° GBW07406 260 +43 260 2.0 -3.9
N N 5 — Vi HE 3 P p IS A
JﬁE{‘ © A~ e i I s e ), 43¢ I T 1 55 GBW07453 2000 =300 2100 1.8 -5.0
AAFEATINGA, 25 58 07 L ARSI b B, 3 400 45 2R AL GBWO7364 6700 600 6600 1.5 1.5
F4o ALV, ORI LT 47% AR RE oBWOTI0  s32es4 534 Lo -0
WS e, TR RO & R bR T o0 2
(0 SRS RSB IURE ) HHT.  posae 10510 OO
GBWO07361 66 10 67.2 5.9 -1.5
F4 JFEAGIN FRR GBW07120 36 +8 37 5.4 -2.8
Table 4  Upper detection limit of the method GBW07423 241 £22 240 1.9 0.4
— — FehRREG 1 / 43.6" 38.4"  12.7°
T T & X2 TR . )
PR B R L SFFiAR / 58.1 626075
(x1072)  (x10-%) (%) SEBREE S 3 / 35.6° 36. 8" 3.3
GBWO07165 29.0+£0.4 28.38 -0.7 TE: a FRbe - LAMIBOERSNAAE ; b 7R ICP - OES Jiial{E ;
GBWO7166 33.8£0.3 33.4 -1.2 ¢ FRIREE — LLHMRUOGE B 5 ICP - OES M3 {H =22 [ 13 2%
GSBO4 —2709—2011
(ZBK325) 39.52£0.50  39.36 0.4 ve g
. -~ 6 BRI ICP - OES 3% '3y bE — L0 AMWe W il i Il
C3B0A - 2709201 47 60£0.50  47.92 -0.67 23 A 1 &
(ZBK398) TR B R B B AS G Bl e s
GBWO07144 33.72+0.55 33.72 -0.0003 Table 6  Comparison of detection limit and detection range of
GBW07149 27.83£0.65  27.52 -1.2

2.1.6  J5 ok B B AR

BEB 12 A4 HERUK R UUBRY E AR
Jii GBW07449 . GBW07403 . GBW07406 , GBW07453 .
GBWO07364 . GBW07360, GBWO07365. GBWO07106 .
GBWO07446 . GBW07361 ., GBW07423 . GBW07424 , ##%
RS20 Ve 1 440 B 12 RES, , BRE R AT
ST 12 WK, B 12 A, LAAR AR v AR 22
(RSD) 427 1= (RS 85 5, LAAH A5 2% 5 42 07 e vl
B o VEHR 3 B S R A SEBREE A, 5 ICP - OES
PEAT U 25 R GE i 32 5. AT RSD(n =12) /N T
6% ,AHXTIRIE L W E /N T 8% , 5k WSS # 1L
(FAXTR2E/N T 10% ) | BE— 4R T+ T 5 T HEW 1 5
TESEBREE SR, B SRR AR A
2.2 BPITIEA TR AROP b

SBIFFE AT W R 7 2 0 R i PR ) 7
VERKCE BT 13,1 3P S FlOR [ ALy 2t
ICP - OES ¥ 5455 — £ AMR SO HE B s , %t
A6 H B G S L K 5 B RV R T TR AT LA, LU
UL 6. TTLIE H, 78 ICP - OFS 3 5 FER M it
WERE DT SR B L ~ 3RS Bl T R AR PR AR

sulfur determined by acid dissolution — ICP — OES and

combustion — infrared absorption spectrometry

Frbem R R KGINERE RSD MIMiIRE 5%

ST (g)  (x107%)(x107%) (x107%) (%) (%) 3k
ﬁ@fiﬂﬁr 0.1000  0.03  9.53 /o <I0 <15 [17]
I:C@fiﬁoif{f 02500 3.087 3.0  / <019 <6 [28]
?é%ﬂ?ﬁf 0.1000  0.03  9.58 /<15 <l [12]
ﬁ;ﬁ;ﬁ;ﬁ 0.05 10 10 20~470000 <6 <8 j;j;

A5 4 G HR BRAH 50y , fHA3 3 A2 1 2 250000 £ H
PRI ER -2 PR AR i 7 BT 285K . %5 ) ICP -
OES R FI 28 AV W FE 22 12 Y= 1 3 A5 1
P 2E A5 ks th R, B0A 25 FE R RE A SR RZ IR, 52 PR
FEA AT, 3 ARG Hh BR AR il 20 A 4 R T 5 R A
755 MHAKE — LLANBSOE T 1 R B 5 o AR Py 52
P Ao ity 12 U0 i L 149 3475 s o Al 2 VR DAt PR
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AT SRR SR AT (R 52, BAR R BUE AN *#8 kR AL S et
2 ICP - OES 1 {HgE 5220 2 11 250000 £ Hix Table 8 Comparison of analytical results
\\ 'ﬂL,\ N l:' /\ S ™, PoS=N i
DA PR 3R At T 2K mn ke O PSR
MUK % B FIAE B Ok B, 72 5 M i 7 o0 %5 (x107%) (><\10‘°) J'L(aj‘o‘-ﬁ) (%)
ICP — OES/r#r ik, 5852 %0 (555 Fh A0 2 GBWO07302a  1.26 76 + 14 70 7.9
1: 250000 £ R4 M55k (RSD < 10% |, FH %5 GBWO07362  3.23 110 =18 120 —9.1
i R, GBW07303a  3.78 2700 2780 -3.0
22<12% ) 5 MIKKBE — £LAN MO T 35 1R 4 A GBW07305a  3.97 2400 =300 2446 -1.9
VERA RE R R 10 25000 Z2 AR ESR , A LB 3 GBW07304a 4.3 361 +38 360 0.3
N ~ v oo GBWO07318 4.4 110 114 -3.6
FIFZ TS5 1 2 250000 £ H br 30 {44 4 e CBWO07363 16 350 251 03
N AR GBW07430 5.8 261 +26 260 0.4
- GBWO07405 8.8 410 £54 420 2.4
2.3 Wﬁd@’f&ﬁﬁbﬂ:m GBW07406 8.9 260 +43 270 -3.8
MRS TN WA T A 25 #, S ie AR B I F B GBW07404 10.1 180 =36 170 5.6
GBWO07407 13.7 250 36 255 ~2.0

57 1.3 179 S Rl A D5 3 ICP - OES 3545
AR — LLANROETE L B AE A TR (sl
2 HESH AR LR 7. nl LI, ICP - OES
LTINS RS E , nl LSEBLZ ou s BRI 6, {5
SR 2% FEIR A — ZLAMNRIO LIS 5%
JHIEN A RE  BRAE AT B0, 0 M ARG, Tl 8, 0
2.4 gilikeDSM T

WABE — LL NG 1A o i 2 3 B4
IKILLAN e, X & UK TR T 2ok
(Rl B B A, 28 70 g A 21 S MR B ASCR T i
RGN TR R, BUK 7 T RE IR
WREESR T MBI R K AICR , SERR e i 12 > B
e 4 R K XSO BR AL~ [ K — G b v I, >R
AR — LA SO A I AE B 5 6 R I (S
WEMEHEAT U8, 25 R AR 8 T LA i 7 ik (i AR
X 22 4 X /N T 10% , 3¢ BT 25 6 K T 4 45 il
B o

#T  Br)iEYEREVHIY

Table 7 Evaluation of the analytical methods

3 4k

ARSI HH BR800 B FOVEAfA 3 A ] ke
AR R TR TR IR AR R A, XTR
VAL ICP — OES AL — LA OCTE A 2 # R
A AR Y 7 YR SR K AR BEEA T T 4B L
B BRI R A RV 5 R AR, W T BAA
M7 % $2HICP — OESHKE# Pk, LB Z 0%
WM, SRARE o, 3 45 0 M B o5 AV A it s g
AR T-BE AR - ZLANRIOETE T th TR A
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Determination of Sulfur in Different Types of Geochemical Samples by
ICP - OES with Acid Dissolution and Combustion — Infrared Absorption
Spectrometry

SHI Youchang, CHEN Guiren, ZHAO Mengsheng, LYU Zhenlong, YANG Jinguo
(Kunming Center of Natural Resources Comprehensive Survey, China Geological Survey, Kunming 650100,
China)

HIGHLIGHTS

(1) The accuracy of the combustion — infrared absorption spectrometry method was improved by optimizing the
combustion time, analysis time and oxygen flow rate.

(2) Inductively coupled plasma — optical emission spectrometry (ICP — OES) can be used to determine multi —
element simultaneous measurement with high sensitivity, which can be applied to the analysis of low sulfur
samples or as a means of supporting results.

(3) Combustion — infrared absorption spectrometry uses a solid injection with low cost and is suitable for analyzing

large numbers of samples and samples with complex matrices.
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@ Microwave digestion: Nitric acid-
hydrochloric acid (1:3)

@ Open system: Hydrofluoric acid-
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ABSTRACT

BACKGROUND: Inductively coupled plasma — optical emission spectrometry (ICP — OES) and combustion —
infrared absorption spectrometry are the most widely used methods to measure sulfur content in geological samples.
The ICP — OES method has high sensitivity and good stability, but it is greatly affected by sample pretreatment and
matrix interference. Combustion — infrared absorption spectrometry is convenient and efficient, but due to the
interference of crystal water infrared absorption, the analysis of samples with low sulfur content has poor stability.

OBJECTIVES: To study the application scope of the two methods in geological sample analysis.

METHODS; The sulfur content of samples was determined by ICP — OES and combustion — infrared absorption
spectrometry. The detection limit, detection range, precision, accuracy and analysis efficiency of the two methods
was compared in order to study and understand the performance of the two methods in sulfur measurement of
geological samples.

RESULTS: The best test condition of combustion — infrared absorption spectrometry was determined thus: optimal
sample weight of 0. 0500g, combustion time of 25s, analysis time of 40s and oxygen analysis flow rate of 4. 0
L/min. The detection limit of combustion — infrared absorption spectrometry was 10 x 10 ~° and the detection range
was 10 x 10 7° =470000 x 10 ~°. The accuracy relative standard deviation (RSD) of the method was less than 6%
(n=12) and the absolute value of relative error was less than 8% .

CONCLUSIONS: For the analysis of low — sulfur samples, ICP — OES method can be used to analyze or compare,,
and multi — element simultaneous measurement can be determined. Batch samples or samples with a complex matrix

can be analyzed by combustion — infrared absorption spectrometry, which is more convenient and efficient.

KEY WORDS: sulfur; geochemical samples; acid dissolution; inductively coupled plasma — optical emission

spectrometry ; combustion — infrared absorption spectrometry
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