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Quick Determination of CaO and Other Major and Minor Elements
in Limestone by ICP-AES
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Abstract: In this paper, CaO up to 54% and other major and minor elements in limestone (GBW03105a ) certified
reference material using wet digestion were determined with the method of combining internal standard and
matrix matching by ICP-AES. Sample recoveries and dilution rates were respectively processed to test minor
elements and high content elements. The results were satisfactory with recoveries of 94%~108%, dilution rates of
99.4%~100.2% and stability low 4% (n=6). Experiment data were in very good agreement with certified values.
This method was adopted to the analysis of limestone sample in geological survey with the advantages of simple
operation, high accuracy, precision and repeatability.
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Table 1 Instrument Conditions
L ke A s i B S R A e AT e AR LR T 2R
ix RAL KA (L/min) (L/min) (L/min) MHz W
J5 1] Ay Byl /(L/mi /(L/mi /(L/mi / /k
Sl i /4% i) G ik Tié i 1.2 14 0.7 27.12 1.2
#®2 BRERERRKE
Table 2 The concentrations of standard solutions
. i o I 4R 7% WOV 3 /(mg/L)
VAR [BT% 3 —
Blank STD1 STD2 STD3 STD4 STDS
As, B, Ba, Bi, Cd, Co, Cr, Cu, Ga,
Li, Ni, Pb, S, Sb, Sn, Sr, Ti, V, Zn 0 0.1 1.0 10
Al, Fe, Mg, Mn 0 1.0 10 100
K, Na 0 1.0 10 - 100

AN T RCOR PR i S AR 4B, FRAE L
N, SRR AT . AR SCS A AR (P AR
N BT E [ R e f el 3 25 D1 25, 2007) FSCER
(FEKT5, 2008; BAFIFEEE, 2009; #XPK4, 2009; +
AL 2010; FEEELE, 2013; fEE4E 2014; MK,
2015), >R AR LT i Ak FRER A0 A A, 1) i Jk
A A B IR R BB IE (L (ICP-AES), K Mk
FNFEARVC FL AR 45 G 2 T R 8 A An a5 Hh
K 54% M AL FROCR O ML E MG LR
S O IETERE B E 70 H, DADRE SR
PEXERE, REAR AR, I b 3G RFRAE 5 1 vk
KT WP L 3 A R 5 B8O i 1 S M 22 1 ) R
TR B, AR, 4By, &S R BT
BERE S PG ST

1 LS

1.1 X3

SEI XS R ICPE-9000 41 & S G A3 (5
AL B (P EDABRA A o
1.2 ELW{/MKEIRF

S AT B B A L FH A PRV W (1+ DI 24
ANBEJE, R B PR, TR, L5 A

HCLAFIL st Seom K LB K.
1.3 FHAEETAE

FERRAREL 1 g FESLT 100 mL BEbRH, 2218 Hn
A 10 mL HCI(1:1), fin#4f# 1 min, A 1 mL HF,
1 mL MR, MihZEiET, FFREERA 5%
FRIA MR ki, FR 2 100 mL A8, H 5%
MIERFR A B2, FF .
1.4 UFESHE

A TAEZRAF IR 1 R
2 ZR5e
2.1 FRAEHZIERELH

KW ERZ 0 RIE A b fEFE W GSB
04-1767-2004 100 mg/L, [ 5%+ BREC il 3% 2 1R &
FRUE R -

FKHITHIE 10 g/L FICER MR, E AR R,
181 ] 5%ER 2 F1 NaC1(99.99% )t i Ca ik B 4y 0 mg/L,
1 000 mg/L, 3 000 mg/L, 4 000 mg/L WIFRERR, I
K AR WAL R, Be M NARICER, KRB
220.861 nm #EF7T3E H T -
22 HWEH

R AR A it 5 it DA B R R T I 3 438 O 00 A5 =

®3 oWEH

Table 3 Analytical conditions

aFtE A HTiE K /am PR /mm G R/(ug/l) LR AT K /m AR /mm o R /(ng/L)

Al* 308.215 Rh 343.489 9.3 Li 670.784 - 0.1
As 193.759 Ge 209.426 23.0 Mn* 260.569 Rh 249.077 0.4
B 208.959 Ge 209.426 5.8 Na* 589.592 - 78.0
Ba* 455.403 Rh 249.077 1.8 Ni 231.604 Rh 233.477 1.8
Bi 223.061 Rh 250.429 55.0 Pb 220.353 Rh 233.477 53
Cd 214.438 Rh 233.477 1.5 Sb 206.833 Ge 209.426 22.0
Co 228.616 Rh 233.477 1.6 Sn 189.989 Rh 249.077 4.2
Cr 267.716 Rh 343.489 0.4 Sr 421.552 Rh 249.077 1.4
Cu 324.754 Rh 343.489 2.2 Ti 337.280 Rh 339.682 1.3
Ga 417.206 Rh 233.477 9.8 v 311.071 Rh 343.489 1.5
K 766.490 - 6.3 Zn 213.856 Rh 249.077 0.4
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Fig.2 The spectral profile of Al Table 4 Results of GBW03105a/%
. \ e MRS 1 STTREU . GBW03105
SHEE K, RS IR AT 10 U, SR %0k s TR o
X W RSD/%
IR, WL 3. :
Jﬁémf' 'BE_’ J'“j% ALO; 0.24=0.02 0.240 0 0.86
2.3 o TEIEIEREE Fe,0, 0.1120.02 0.100 0 0.09
TE ICP-AES Al v, ICP SE il i B vl ik TiO, 0.0100.002 0.009 0 0.64
10 000 K, FEUNBLRE MR T, 46 KE o u R #R Ca0 54.03+0.09 54.040 0 0.16
e 2o s e e B Db e K,O 0.084+0.003 0.085 0 1.06
WOR R, TERR 0 K ST, KiE ik vl fe MZO 0.8120.06 0,840 0 o6
n . . g 81x0. . .
A OB 2 (L A TR S T A
SAAER TR BRI TR . S HE M P o5 ZF o 0t17s0007 oo oo

53 FAFFEEE T 4T, ICPESolution #{4 HAT “f% MnO 0.006 7+0.001 3 0.006 4 0.61
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Table 5 Results of dilution test 108 B

-#-Ba

TR AR Ca Mg -=-Bi

- - 106 -®-Ca

FE 00 5E fH/(mg/L): A 3871.0 50.10 ---cd
10%F¥: it 52 {8 /(mg/L): B 387.7 4.98 104 -

T BRI R KU % 100.2 99.40 102 M

Ga

A ThRE, TR TR &P RAG T DA 100 i
MEFIEHNR, BB mE,2,3,4 * -
R . o —
. . ~—Pb

24 METAHERDHER o4 s
i ICP-AES ¥ B4 I 4k JK A B A3 b HfE bl 2 .
GBWO03105a Y = 5 FIH Sl oo R 19 i, I E 0— - - - - - M

AR NER 4,
2.5 HMmINAREKREHRERIERE

HAE EPA(SE [ BREE LR 475 ) Jy ik x5 e
R TG ARNrk, e 10 5, FET
Mg, I-15 JFRE AL 25 SR A7 b, AR R A Bt
L G R B SITIE - SN Gl o= | K TV U B 7 19
M

Hir BB R 4(=100%xA/(CxB)

A CNFERESRIESE T, B ONFE SR RS I E 45

R C RN T
5 ONSEPREERL R ROURAMIESS R K& 10
(R iy el P

F 6 N SEBRFE S R TC R R [T S A
PABSIEAE i SE AR SR T R 1 TP L
2.6 TEEELE

3 INFREC 6 1A THE A, e B S T AL 3 vk
HEATALBR, BRSPS C R S R R R A,
W 6 ByFE S A 1 mg/L BIARIEYI R, 4 RE N

B 5 5/ORAKSREMESE

Fig. 5 Long term stabilities test in 5 hours

FEEME 3 K, Kl 6 MFEM P& TR e R
X PR ENR 22, W3 7 FR, 00K 6 - PATFEM
T2 B AR R AE N 22 RSD 7E 0.38%~3.17%2Z [
2.7 KHREMEXRE

Tz BEAE S AT AL By I Ab BE— A BE A, I
A 1 mg/L BIARIEYI R, i BRI i K, ¥
ZRESL RSN E 5 AS/NEE, SR HIZE R BN AT
FR I 2 (R AR RE X B E O 22 RSDAEL, DA IEIZ Ty ¥
R IAER M, IR ME S RAE 96%~105%2Z
B, WipE s iR,

3 4w

AN S SR FH v T R B SR A A R L, R
ICP-AES, % TN bR ik Fi LA DG e v AR 45 5 I 2 T
TR PR LR 7 bR EW) o e B AL S R R S M

®6 FEmMmiREER

Table 6 Sample recoveries

JTLR AR Al As B Ba Cd Co Cr Cu Ga K
FE & 22 {E/(mg/L) 27.5 - 0.22 2.36 0.002 0.001 0.028 0.042 - 8.42
W hn{E/(mg/L) 10.0 0.100 1.00 1.00 1.000 0.100 0.100 0.100 0.100 0.100 1.00
WINEIE(E/(mg/L)  37.0 0.094 1.30 3.39 0.997 0.103 0.104 0.130 0.148 0.103 9.43
TR [l /% 95.0 94.000  108.00  103.00  99.700 101.000 103.000 102.000 106.000 103.000  101.00
JTLR AR Li Mn Na Ni Sb Sn Sr Ti \% Zn
FE &l 22 {E/(mg/L) 0.145 1.090 2.10 0.013 0.033 - - 2.60 0.142 0.039 0.058
W hN{E/(mg/L) 1.000 1.000 1.00 0.100 0.100 1.00 0.100 1.00 0.100 0.100 0.100
WG M E(E/(mg/L)  1.100 2.150 3.15 0.114 0.134 1.08 0.103 3.68 0.246 0.142 0.165
T [l /% 95.500 106.000  105.00 101.000 101.000  108.00 103.000  108.00 104.000 103.000 107.000
F 7 IBEELE@=6)
Table 7 Precision test(n=6)
TLER AT Al As B Ba Bi Ca cd Co Cr Cu Fe Ga
FHXS PR AR 25 RSD/% 094 193 229 092 3.17 038 0.78 147 079 095 092 1.13
JLR AT K Li Mg Mn Na Ni Pb Sb Sn Sr Ti \% Zn

AHX R HE (R 25 RSD/% 0.57 090 092 1.09 244

0.81 0.80 1.93 1.16 1.21 0.95 1.12 0.91
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