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VRN A SN A I QI O 55 (| T2
CHERBE W & A H TR R PO, =W 650600)

H E.ZEREFPARANASERD.FRAMNE TS0C LB FHRBREE . ZEBR-K
FER-FE B AR 200 C N A FEAE S ik w AL AR B, &4 P 213. 618 nm, Mg 285. 213 nm,Fe
259. 940 nm. Al 396.152nm.Ca 317.933nm.Mn 257. 610nm.Ti 334. 941nm # 5 ik &, ik
it ER IR R, A B RS F B TIRR T RS L # E (CP-AES) Ml 2 & A AL = FF |
A4 BAsk Bse B A ALK AL T EHRMET ZER & LA
=B BACHE B RS RS RS SRR AT k. BB R R T
T EAS>KREMEGEEARRZEY RN T 0.9996; 7 F# B R A 0.0012~0.028 ng/g.
FERRTZh My LETR B4R T LA R AL ALtk A ise A ALss ALt
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HF-HNO, 79 fif 5 B % Si @98 m , HCI-HF-HNO,
TH R 2 1 A HCL A 0206 157 0 5T 209 52 ) LA %
R EZ M1 T4, #7T ICP-AES W& = 7/
EM#T B sth P,O, . MgO, Fe,O;, AL O; |
CaO . MnO.TiO, B3, 25 R E

1 SLIGES
NUERIESH
iICAP7400 Y 4 3% 5 152 55 B 1 1k & 41 6 3% Y

(£ [E Thermo Fisher 24 ) . Bt & Mt &0 50 B ¥ £ &
4t iITEVA #/EMF . U TAESEULE 1,

1.1

x1 URBREIESH

Table 1 Optimal operating conditions for instrument
RS H W NEHE 2 Al
Instrument paramter  Value Instrument paramter Value

R HIR/W 1150 || 5G3hHEAEHE/ (r/min) 50

R W R/ (L/min) 12 || #FFRETHE/(mL/min) 1.5

YR/ (L/min)  0.50 Rt G B ) /s 30

AL SR S/ MPa 0.20 1P BT E] /s 7

I E & A/ mm 12 KPR 18] /s 5

1.2 EFEEKH
VU 6 3t DX DL R [ R bR fE Y i GBW 07320,

GBW 07328 .GBW 07331 (v [ Hly 5T B 2% B b 3% 4
P ER 1k 2 ) 2 5T AT

P.Mg.Fe Al,Ca,Mn,Ti B0 % br M5 5 15 K
98 B BE) : 1000mg/L; P, Mg, Fe. Al Ca.
Mn. Ti b5 TAEVA W : 100 mg/ L, 11 % 70 % F5 i 1
B VY TR 32 R TR T L

HCI.HF .\ HNO; ¥ 3 L 9% 28 ; i 4l G < (4l 2
KT 99.99 %) 5 S50 K g #8 4l /K (LB 2R 18 M -
cm,20°C),
1.3 XWHE
1.3.1 #HRAATAE

HERHFREL 0. 10 gCKE B 2 0. 000 1 @) ik i T8
Wi R A D3k, =R T E 750°C e
Kikbe Th BUH S H . FI/D KK R R i 3 7
ZRMWE O BEM B AR KM A 6mL HCL, 2mL
HF.2mL HNO, , F# i f #ti 200 C Mk &8 1,
R IR A 25 mL HCl ¥ #6253 IS I 6 7
Z 250mL MR B P, KRR 2, 54,
U/ -3 = U I | iR Y Y S R
1.3.2 #REBBRRTIME S

HE 0 A7 B — 2 R B 2% o0 R bR IR T
250 mL HURLZS S P IR A WA I 10060 (V/
V) HCL, b 7 W 3R 51 v 25 20 0 1 o o v 8 L3 2.,

R2 BAEBRRRIDEATRERE
Table 2 Mass concentration of each component for standard solution series mg/L
Moy s FRifE 1 FrifE 2 bR 3 FrifE 4 FrifE 5
Component Blank Standard 1 Standard 2 Standard 3 Standard 4 Standard 5
P, 05 0 2.29 4.58 6.87 9.16 13.74
MgO 0 16.60 33.20 49.80 66.40 99.60
Fe, O4 0 7.15 14.30 28.60 42.90 57.20
Al O3 0 18.90 37.80 75.60 113.4 151.2
CaO 0 14.00 28.00 56.00 84.00 140.0
MnO 0 0.064 0.13 0.64 1.28 2.56
TiO; 0 1.68 3.36 5.04 6.72 10.08

2 HR5UE

2.1 HHAETAIEAE
2.1.1 HEBER

TE TR T T A R o T Ak B R L S TR A 9 i A
ZA 0T B T A A R S I L R E 2 A T AR
R, L3 1 HEEMAREARNZRWEH T, EHE
T4 6 DX AR ) ] AR B GBW 07320, 43 %1 L
T HCI-HF, HNO,-HF, HCI-HF-HNO, 4 fi# {&
ZW R FE S, SR ICP-AES Wl %2 P, O, \MgO.Fe, O, .

Al, O, ,CaO MnO ., TiO, , 25 WL 3, 3 3 A,
K HCI-HF-HNO, I fff 14 22 05 ff B 5 45 4153 19
W7 45 A 0F 8 B 8, Bk SE 5 3% #f HCL-HEF-
HNO, JHfE R,
2.1.2 HCI-HF-HNO, 8 f#ig B XX # & Si A9 22 i
HF 843 %0A il ke oh Siu fE — IR Tl e
B SiF, i L R HCL-HF-HNO, T i 2 (0, 071
FE S OCHEAE T BOR B . A T I UEAS [ I R
T SiF, I O, 35 15 74 5 DX TR [ R R )
i GBW 07328, /i B FH#E A R A 00 % K-11.K-17,
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Table 3 Effect of different digestion systems on

determination results of components in samples

w/%

A [F) 9 1 U 2% 000 5

2 1.3.1 53 7F 90,.110,120,160, 200,220 °C &1
T L% SN/T 1014, 1—2001¢ Hy H E8E b ik & 2= 10
W SRR PR AR A B OO M E ST L SR E 4
Hi ¢ 4 W1 #F 160,200,220 °C B, KA Si, 7
120°C I, Si P& 45 R 5INE M S S H A Z KK,

2y NEH Found of different digestion systems
Ci Certified o~ o~ A N S
omponent - Lertlied TUCEHF  HNO,-HF  HCEHE-HNOs 7E 90°C . 110 ‘C I, Si M E 4 R 5N EH S F# H 1
A5 TR SO R AR IR 200°C L T L
MgO 1.55 1.29 1.34 1.53 . R R R ) .
Fes O3 5.84 5.36 5.24 5.78 ﬁ% E‘J{ﬁ'ﬁg‘ﬁlﬁl ':F] Sl?ﬁ@/ﬂé%ﬂﬁj‘] SIF1 J@Hj °
Al O3 14.18 13.69 13.78 14.19 2.1.3 HC]'HF‘HNOg, m%
CaO 3.69 3.47 3.24 3.65 . . . —_ o
MnO 0.13 0.052 0.060 0.15 T %% HCI-HF-HNO, iR & HF &
TO: o6 oas o ot R 5 25 5 B0 e 1. 3. 1 Jy e AL 25 7
% 4 HCI-HF-HNO; i# iR B3N & Si 55
Table 4 Effect of HCI-HF-HNO; dissolution temperature on Si in samples w/%
o L GBW07328 K-11 K-17
JLHR .
Element | C™Perature/ sz i SE B W 5 {1 S W 5 {1 ZHH"
(e Found Certified Found Referenced Found Referenced
90 32.85 29.89 28.05
110 32.68 29.80 27.92
. 120 22.72 19.98 18.46
Si 32.88 29.91 28.08
160 0 0
200 0 0 0
220 0 0 0

TE: " Zmg B BT B 0 K11 R K17 v Si A2 2% (f iy 48 [ D03 M R 24 5 B SRR 2 00 BT SR T X B 26

P M E

W B i K-13, 4 5 A 6 mL HCI-5mL HF-
2mL HNO, .6 mL HCI-3mL HF-2mL HNO, .6 mL
HCl-2mL HF-2mL HNO, 78 i /& & 7 i £ & R
FH ICP-AES ll 2 P,O, .MgO.Fe,0,, Al O, ,CaO,
MnO.TiO, , Z5 R W3R 5. W13 5 A 3 i fif &

F A0 AT LUAR 4 Mo g 2R 6 50 A R P, Os L MgO,
Fe, 05 .AlL O;,CaO MnO,TiO, , i & 45 F 13 %4
FEAR—F, T HE A9 o X PR B Y35 gy, 52
B &% # 6 mL HCl-2mL HF-2mL HNO, H fi#
A 22T f R

£S5 FARAREMNERFEHAINESERHFM

Table 5 Effect of different acid amount on determination results of components in samples

w/%

A [R] R 12 () 1 %€ {8 Found of different acid amount

4y SHE
Component  Referenced ¢ ], HCI-5 mL HF-2 mL HNO; 6 mL HCI-3 mL HF-2 mL HNO; 6 mL HCl-2 mL HF-2 mL HNO;

P, 05 0.36 0.34 0.37 0.35
MgO 4.05 4.07 1.06 4.04
Fe; O3 4.18 1.16 117 4.19
Al O 13.80 13.72 13.78 13.79
CaO 2.55 2.57 2.53 2.56
MnO 0.052 0.054 0.051 0.051
TiO, 0.74 0.72 0.76 0.75

"z BB B O TUE K-13 T4 4530 192 2% (4 i 18 F DUk B BUR 2 5 3 AR RHA TR0 0T R T X SR 96 e 1l 2 I e

2.2 BER AT BT & 4H 43 TE KO M

T A [m] B R A JB 2% it S o R Ok AR R AL L AR
R vl T A LA, — R FH 6 B L RE R SR T 5K ) /D
FABCRE I HCLLHNO, A )5 ik HCL, AT

#%% HCl XF P,O; , MgO, Fe, O, , AL, O, CaO, MnO,
TiO, WMAE PIFEM 4% 1. 3. 2 J5 B e bR AE I W R A
W 3 IF 4 HCL A Bk R 10%(V/V) L 5K HC
I RS UE TR R AR UE 3 B4 400 He# . Hi IR S0 6
a7
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Table 7 Spectral line of each element

— B0, AR Oy I AR AE S WA BT 10 % HCL, TR L3 HERRIE T
Element Wavelength/nm Mode of background correction
P 213.618 =
ko6 BARMNEASNENZMN Mg 285.213 I A
Table 6 Influence of acid medium on the determination Fe 259.940 A
of various components Al 396.152 EH
mg/L Ca 317.933 f
Mn 257.610 Ak
45 1&1@@ W 7E 8 Found Ti 334.941 ke h
Component The(nlrencal BB WA
value Acidic medium Acid-free medium . N N .
o, e e 576 EIRE A 50.00mg/L . Mn i & # E 2. 00mg/L, Ti
MgO 33.20 33.18 33.09 F e B R 5. 00mg/ L, # MR SC6 7 vk 0 bk R
Fe; O 28.60 28.59 28.41 A AR T T A5 o DU T R Y T A R R 2 AR LR 8.
Al O3 37.80 37.81 37.59 TN N N
8 W] I . 4% 195 I 5T 2 18] H .
CaO 28.00 28.02 27.68 EE% T%ﬂ %1TOJE$I_J iz,ijﬁ:i:*jl:
M 0.51 0.52 0.42
" ) ) %8 EETEOTRREB
TiO, 5.04 5.03 4.85 h

2.3 Siriksk

MALES ITEVA #4E5FS & P o) ik PL Mg,
Fe Al.Ca.Mn.Ti IR & 3 FRIGLAME R ITiEL
HEAT O . 4R 1 BO & 5 2H I3 b I U 2R 9 24 1
WAL . B R A R TE K6.K-7 F
o T RO 1 DU 2 4 4% 43 A 5 e 1 AT 4 TS X i 1R
T8N, 5 500 T PG O . 4% Bk £ W B 4 . T4
AN TR A R B Y A AT S 2 0 B 4 A
LRIEL T E T AT RN TR, LR 7.
2.4 HETEHFIHR

= B R A 0Us AR RE W SiiMg.
Fe Al Ca. 1 Si 7EAF i A AL B O EA T BR . X5
Z4T P .Mg.Fe Al.Ca,Mn,Ti £ 50 E Z [0 /Y
THER. IHIESIRUERBED P K E N
5.00mg/L Mg Tt ¥ &£ & 50. 00mg/L.Fe it i
B4 25.00mg/L Al i H & H 50. 00mg/L.Ca Jit

Table 8 Interference test of coexisting element

mg/L

Jt.Z Element PEiE{E Theoretical value M %E {8 Found

P 5.00 4.97
Mg 50.00 50.01
Fe 25.00 24.98
Al 50.00 49.99
Ca 50.00 50.02
Mn 2.00 1.99
Ti 5.00 4.98

2.5 KAEMZMKGHR

i FEASCAR 08 1Y TAE S5 40 X Fm v 5 W 2R 90 AT
DU AE 5 DAARE DN 20 53 1) Jo7 o W J3E O B A b, & 559 5 B2 Ry
GAAB TR, 2 il A v il 2, Gt 1l 15 Oy B8 R0 4 R AH OC R
LR 9, TEAER B Al TAES T X 28 i Wi 0% 2k
WE 10 WL LA 3 fbn it 22 1 H 5 ik rh & oo = 1k
B, L 10 f5An i 25 THE T i & T R Bl e R
BRLE5RILE 9,

R REMZHEETE KEQNRAFEEAXEY, RHRMUE TR

Table 9

Linear range, linear regression equation, correlation coefficient of calibration curve, detection limit and

low limit of determination

d4 Wk M 2k B E 5 AR LIPS (ED) i B W5 T R
. Wavelength/ Linear rang/ Linear regression Correlation Detection limit/ Low limit of
Component . .. L
nm (mg/L) equation coefficient (pg/9) determination/(pg/g)
P,0Os 213.618 2.29~13.74 y=161.8542+0.4967 0.9999 0.004 6 0.015
MgO 285.213 16.60~99.60 y=4932.5282+134.693 0.9997 0.0027 0.0091
Fe, O3 259.940 7.15~57.20 y=2067.845x+34.327 0.9997 0.0038 0.013
Al O3 396.152 18.90~151.2 y=1132.478x+19.792 0.9996 0.028 0.093
CaO 317.933 14.00~140.0 y=23247.632x +457.582 0.9998 0.0086 0.029
MnO 257.610 0.064~2.56 y=13558.257x+6.361 0.9998 0.0012 0.0041
TiO, 334.941 1.68~10.08 y=17683.291x +5.652 0.9999 0.0034 0.011
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2.6 HBEESEKRIKR

P B I0 J7 W E = e B PR B R A DU K-
10.K-11 ' P,O; . MgO.Fe, 0, ,Al,O; ,CaO,MnO,
TiO, , JF 174 25 B A [ iR 5, 45 5 0 3% 10,
R 10 FT LA - DU 5 SR 19 #H 6 A o A 22 (RSD,
n=11) 7 0.29% ~1.5% Z [a], B F Ky 97% ~
105 %% » Y378 2 43 i A 2K

3 HFmath

Fi2 IR S 5 B E GBW 07320, GBW 07328,
GBW 07331 3 3 A4~ ¥4 ji b X U0 B 40 A o 49 o
P,0; .MgO,Fe, 0, Al,O,,CaO, MnO, TiO, , 45 5
W11, mE 1L AL, P,0, . MgO.Fe,0, AL O, ,
CaO.MnO . TiO, W& i 5 IAE 1 EEA 2L

K10 BEEMEKRZRRBER

Table 10 Test results of precision and recovery

K-10 K-11
4oy WM RSD  fkRhb W A MR WEE RSD bRkt E R Il g %
Component Found (n=11)/ Added Total found Recovery/ Found (n=11)/ Added Total found Recovery/
w/ % % w/ % w/% % w/ % % w/% w/ % %
0.30 0.89 97 0.15 0.47 100
P, 05 0.60 0.84 0.32 0.96
0.60 1.19 98 0.30 0.61 97
3.00 12.08 100 1.50 4.40 99
MgO 9.09 0-61 9.00 18.07 100 2.91 0.78 3.00 5.89 99
1.00 2.93 101 1.50 4.31 101
Fe, O3 1.92 0.73 200 3.90 99 2.80 0.81 3.00 5.79 100
3.00 9.01 99 i 7.00 20.25 99
Al; Oy 6.03 0.68 13.30 0.33
6.00 11.99 99 13.00 26.18 99
. 7.00 20.86 99 1.00 3.33 99
CaO 13.90 0.29 2.34 0.84
14.00 27.66 98 2.00 4.30 98
0.050 0.17 100 . 0.015 0.046 100
MnO 0.12 1.1 0.031 1.5
0.10 0.22 100 0.030 0.060 97
. 0.10 0.33 100 0.30 0.97 97
TiO, 0.23 0.95 0.68 0.91
0.20 0.44 105 0.70 1.36 97

X1l ERBRARNREYRPZFASIVEER

Table 11 Determination results of each component in tibetan sediments CRMs w/ %

S GBW07320

GBWO07328 GBWO07331

Component s Found  JAEMH Certified  MEMH Found  JAEME Certified MM Found  JAEM Certified

P, 0O; 0.12 0.13 0.14
MgO 1.56 1.55 0.94
Fe; 03 5.85 5.84 3.21
Aly O3 14.19 14.18 13.93
CaO 3.71 3.69 2.41
MnO 0.12 0.13 0.058
TiO, 0.66 0.65 0.47

0.13 0.11 0.12
0.93 0.76 0.78
3.20 5.48 5.47
13.95 11.88 11.89
2.40 7.78 7.71
0.059 0.079 0.078
0.46 0.55 0.56
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Determination of seven components in black shale of Kunyang

phosphate mine in Yunnan by inductively coupled

plasma atomic emission spectrometry

FENG Xiao-jun,XUE Jing.ZHANG Jiang-kun,ZHANG Hui,
MEI Lian-ping. LIU Li-fen
(National Phosphate Resource Development and Utilization Engineering Technology Research Center,

Kunming 650600, China)

Abstracts: The contents of silicon and organic matters in black shale are relatively high. After burning car-

bon in muffle furnace at 750 °C , the samples were digested by hydrochloric acid-hydrofluoric acid-nitric acid
at 200°C to release silicon tetrafluoride. P 213. 618 nm., Mg 285. 213 nm, Fe 259. 940nm, Al 396. 152nm.
Ca 317.933nm, Mn 257. 610nm and Ti 334. 941 nm were selected as the analytical lines. The hydrofluoric

acid resistant sample injection system was used for the direct determination of phosphorus pentoxide, mag-

nesium oxide, iron oxide, aluminum oxide, calcium oxide, manganese oxide and titanium dioxide. Thus

the analysis method of phosphorus pentoxide, magnesium oxide, iron oxide, aluminum oxide, calcium ox-

ide, manganese oxide and titanium dioxide in black shale of Kunyang phosphate mine in Yunnan by induc-

tively coupled plasma atomic emission spectrometry (ICP-AES) was established. Under the optimum

working conditions of the instrument, the linear correlation coefficients of calibration curves were all grea-
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ter than 0. 9996. The detection limits of the method were between 0. 0012 pug/g and 0. 028 ng/g. The pro-
posed method was applied for the determination of phosphorus pentoxide, magnesium oxide, iron oxide,
aluminum oxide, calcium oxide, manganese oxide and titanium dioxide in black shale sample of Kunyang
phosphate mine in Yunnan., The relative standard deviations (RSD, n=11) of the results were between
0.29% and 1.5% ., and the spiked recoveries were between 97% and 105%. The contents of phosphorus
pentoxide, magnesium oxide, iron oxide, aluminum oxide, calcium oxide, manganese oxide and titanium
dioxide in certified reference materials of sediment in Tibet region (GBW 07320, GBW 07328 and GBW
07331) were determined according to the experimental method. The found results were basically consistent
with the certified values.

Key words: hydrochloric acid-hydrofluoric acid-nitric acid; inductively coupled plasma atomic emission spec-
trometry; black shale of Kunyang phosphate mine in Yunnan; phosphorus pentoxide; magnesium oxide; iron

oxide; aluminum oxide; calcium oxide; manganese oxide; titanium dioxide
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