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RERIBFSE " 0 T a P LT R AR £ 2
R A o (R R 3k 5 A0 k2% 2 B 7 %) (GB/T
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S 22 1 2 S R AR L (HL ICP 78 Bk 2 s A e
ARSI, RSl DA i O AR
ICP T Bfic g L MR A TR DX R AE 7= 3
Sl YGRS W 325 B R {5 A i S0

T A6 B R - & 6% (MP - AES) R
FRA R E B TR TR, 2 G A ok
il i T R 5 B IR, S T R sk S e Rk
A TR GRS & 7k, B s frRe b
T S RS SRR Tz B
ARSCUARHIR - $hIR - 23R — iR A A T8 ff
XTI A R AT AR A%, R B MP — AES i 52
HILEK Mg, Al Ca Fe K Na flff{#IJGE Cu,Zn,
Mn Pb , 3 i3 BE 5 70 BT B K 5 45 & sl 4 1k T P
1E (FLIC) B AR TS BRAE T48 , LAA Ry ifg £ vh Z
TG [ PRH A A I 42— BT vk

1 oy
L1 U S ARtk
Agilent 4200 i 48 B - 14 I 4 516 i 1Y

(MP - AES) , M s PE A AL AR HE AR JE AT OneNeb 1
PES b ds M 1 XU 3E 55 16 % (4107 AR A A8
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MP — AES {4 5 1Y #RAE 25 4 = 55 A ik
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3 N E T A [ e JEE s 8 1) 2R BT 5 s HE VA TR
TEACALH) MP — AES 24 55 4 5 #4700 & , FH 73
Moo 5 AR 0 3R 35 08 B 1Y LU AR (A X 1% 2k o
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W T TR AAR RS 1 2 sl B, A P AL HE D RT3
FEmE W o R B & B, A o R A

— 681 —



%5 o

http; // www. ykes. ac. cn

a0 Wt

2021 4

MP - AES 47 1) MP Expert £0PFiEAT H 840
1.5 RefEihze

R MP — AES 72 A [ e i 1) 2R B3R & B v
VI, AT L ER 15 A RS JC 3R A A X 55 58 JEE o X6F
JOL PR JRE S ST AR HE T 2K, A1 ] MP Expert [ 80175 5
T IR LR o

2 RS
2.1 FERVEHR )G IEN R
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It ARSI VPR IR — BhIR — SR I AR, 2
TR T AR i G ARE TR, A R 1 fRT B A g i
Wik sE PEAF 3
2.2 SrbrdkKmkst

MP (%5 25 7RI He G A% 2000 ~ 3000K, %
A IR R BR AR o T v i B AR A G M L S B 5
2B, [, MP AN REA 2078 AL M B e
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TR AR T S AEAE , BARID T R OB
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Fig.1 Extraction rate of elements in different digestion systems
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By B 2k, 7E 422. 673nm A RAELAY 512k, X
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Brife Ky 393. 366nm, Fe 1Y & 2 B 1 4 78
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i) K FE766. 491 nmlj) i 58 &5 2 769. 892nm 1) 2 522
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589.592nm,
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Zn JEFLE 472, 2150m 72 T4, T Zn 76213 857
nm [ R G L 472, 215nm 5 60 %, LIS BEFE Zn
A BT IR 213, 857nm, Mn 7E 403. 076nm 4bFH
REW 2, 78 259. 372nm A0 A R BN &+
2% Fe 514k % Mn J5 ¥4k 403. 076nm 125+ 4;
259.372nm ¥ 1EE BT 40, BB La B £
403.169nm X} Mn J§ T-2% 403. 076nm #4 % %5 5k T
P A H TAE AW La ¥k BEARAIG, X5 Mn (1) T
PLAT LA ZBS AN T, SE 80 %6 £ 403. 076nm 2k Mn (1) 53
Mrifi . Pb A7 Z 0 s L&l b 5% (HL-F- BT 3 Al
FHT I R RIS T, UL, 585
PEFE I R 2 405. 781nm Sy Pb 143 Hrifd < .
2.3 FHERBIE

I R C R ISR R bR T R SR
HE T, (AR D B IR T 2 3L AL A A
J MP S5 &5 22 OB 2, B A 43 87 76 28 BB A7
TEH ST, SIS E & TP L FAE A TG
FH . ARSI FLIC HAM i 43 B0 E 25
VSR 53 BT 7T B AR VA TR A T P 70 28 o o TV )
INRIER SUZ R Ciipe W N=E S N 324 £y O
FETERDEIE T AT E R B O 8 = T
PSR TN 46 IR 5 har 85, 15 3
SyHTICER Y FLIC B, AT SEEE 1 I 43 B oo
Zma R S ST /2 K Cu 7£327.395nm [
FLIC FIERE RS, 43 53l 35 5 25 1 % WA 100 mg/ Ly
Ca bR IVE N T 409, lmg/L 1 Cu AREE KA
KA TN TR AR, Cu (1) FLIC 8 A 58 2 4%
IEH R THUULEH Ca JiiF4k 327. 467nm {5
e T,

B AN T R A o 2 S5 T 77 £ R AR AR, SR

# 1 TR R A R

H40 %
Cu 327.395nm
80000 | 0 — Img/L Cu
-------- FLICH &I
60000 | — 100 mg/L Ca
= it
B
2 40000 |
iz
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\.\ Ca 3I27.467nm
L . . >SN
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2 Ptk THURE (FLIC) BRI IE Cu(327.3950m)
AT
Fig.2 Correction of spectral interference of Cu (327.395nm)

by fast linear interference correction ( FLIC) model

FH PRI e i 2 588 1o AR AL 7 o i 3o 7 P A
RIEW A 1mg/L 1 Lu S N R T R IFITK IE
VPR Lu (W43 HT i 1 261. 542nm , FIFH /310 £
PIBR TG 2T 4k 118 26 b 2 8 EU B HE A T o #r . 5K
A R R AN TR G FRE T4 e R A
XHES R, TR TR AE 2h WL & 12 R (5
10min Il 22 — K ) 14 A5 X A5 E 4 2% (RSD) ¥/ F
3% AZIE T HEAAR
2.4 PriiidivEor
2.4.1 Jrima bR

B AV RS SR 11 3K, IR TT R bR o
22, LA 3 A5 hm i fnd 22 i XoF B 0 R B SR 43 Al TG 2R 1)
K BR (LOD ) , PAZS P W00 () 10 A5 Am i 22
ST I PRV B S 0 BT 1 R e T B, AR v il £k
LRGP I i MR B I R, AAFR 1 AT LA
LA TR LMK R R4 (L E R
=0.9996) , & yu FEIREE 2 3 ~5 MRS, T
ZHR R R 0.19 ~14. 6pg/L,
2.4.2 JyikAERRTEFORS B EE

SCOBG VR B A B A3 4y B bR ME W R
(GBWO7138) ¥4 Jy s 1) o ff 1 FORS 2 %, ok A

Table 1  Calibration data and limit of detection of elements

ek I 7 3 MEAH I R B o H R S 0 i [ RAEAH I R B for H R
- (mg/L) (r) (pg/L) - (mg/TL) (r) (pe/L)

Mg 0.007 ~500 0.9999 1.87 Na 0.002 ~10.0 0.9999 0.52

Al 0.005 ~200 0.9997 1.35 Cu 0.001 ~1.00 0.9996 0.22

Ca 0.050 ~50.0 1.0000 14.6 Zn 0.017 ~1.00 0.9999 4.81

Fe 0.009 ~50.0 0.9998 2.53 Mn 0.001 ~1.00 1.0000 0.19

K 0.004 ~10.0 1.0000 1.01 Pb 0.001 ~1.00 0.9998 0.34
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MP — AESH & E6 YR, 45 R L2 ] IR, I 2 MP - AES Ml i1 £1 kil 25 P it (GBWO7138) )
I3H T 2RI R 45 2R 5 bR A B A X R 25 A AHTER (n=0)
~5.0% ~6.7% 2], KR ERUER 22 (RSD) 7E1. 4% Table 2 Analytical results of standard reference material
~5.50 [, YU A T [ e S A A sepiolite (GBW07138) using MP — AES (n=6)
DZ/T 0130. 1—2006 #1.5E 1 A FRYE I, 36 3F T )7 P FRUfE(E MEE AHXRZE  RSD
PR HUE R P I R Sl ) 0 )
2.4.3 ?@E#lﬂlﬁ*ﬁ Mg 180 +£2.00 184 +2.60 2.2 1.4
S N . Al 44.5£0.70 43.1£0.94 -31 2.2
F A B), RHARSCH P BN EE B E 6 IR, Fe 14.6 £0.70 15.1£0.30 3.4 2.0
%fﬁ%{*ﬂ?‘{ﬁﬁ(i GB/T 14506—2010 ﬂ:ﬁﬁﬁ—ttﬁj\ K 3.20+0.20 3.14 £0.13 -1.9 4.1
Na 1.20 £0.10 1.28 £0.07 6.7 5.5
ok I b 0 4 ok A OBE
BRI, MROTEAIL S R N0l PR
ZEME —4.2% ~7.3% Z[],RSD O 2.2% ~8.0%, Zn  105£8.00° 110 +4.01° 48 3.6
Z IR P E H A P AT AR E DZ/T 0130. 1—2006, Mn 220 £30.0" 209 £7.22* -5.0 3.5
PR CR MORIXHE AR RSD MR (IR A )y M BT0=000° wma0mt 21 40
Y RE L SEBRRE R MO TT R AR sk, T PR T T HOURACCo Zn M P SRER AL e
263 RA MP - AES MEE R AFEMI BTSSR (n =6)
Table 3 Analytical results of sepiolite samples using MP — AES (n =6)
KR A Heih B
JLR [E=p AN RUIE ) ASCOFEMEME X RE RSD FE bR R AT EIMEME HNIRE RSD
(mg/g) (mg/g) (%) (%) (mg/g) (mg/g) (%) (%)
Mg 211 +£7.12 203 +6.34 -3.8 3.1 191 £5.38 187 +6.33 -2.1 3.4
Al 52.0+£2.36 50.1+1.95 3.7 3.9 41.8 £2.87 43.1+3.46 3.1 8.0
Ca 26.6 +£1.01 27.6 £0.82 3.8 3.0 21.5+£0.45 20.8 £0.90 -3.3 4.3
Fe 14.6 £0.58 15.0£0.44 2.7 2.9 18.3 +£0.37 18.1+0.41 -1.1 2.3
K 3.27 £0.16 3.14 £0.10 -4.0 3.2 2.82+0.12 2.97 £0.20 5.3 6.7
Na 1.91 £0.06 1.83 £0.04 -4.2 2.2 1.17 £0.05 1.13 £0.08 -3.4 7.1
Cu 70.2 +3.85" 72.5+3.07 " 3.3 4.2 96.8 +4.10 " 101 £6.23 " 4.3 6.2
Zn 83.9+3.74" 81.6+2.22" -2.7 2.7 45.0+2.15" 48.3 £2.59 " 7.3 5.4
Mn 255 +11.0" 264 £6.91 " 3.5 2.6 182 +7.36 " 175+12.1° -3.8 6.9
Pb 16.0 £1.27" 16.7 +0.59 " 4.4 3.5 20.5+0.88 " 21.6 +1.30" 5.4 6.0

T AR+ 7 MOCE (CuZn Mn Pb) S LN ne/g.

3 4k
FIH MP — AES 3130 41 H ) 28 0= f

JLRBEATINGE , LAHIR - $61R - SRR N IR B IREA
TR T A RE AV R 20 i VR 00 A A iy, IR 1 i 9 Ak
PRGERE S TARAIR TR EME . SRHT FLIC i
RS HE, AN AR TR Lu K2IE BRSO, B
Ca JUER YA H IR (14. 6pg/L) F i b, HoRk o i oo
RIK I ER/NT 5. Opg/ Lo

ARITERADHBTRE i T Ltk sh
T B B PR Y DU SE, A DR 1 iz i Xl Jo
B FIRS By S5 56 3 AR I =81 iy A o Py MR
REHES T T HA R R ER BE B e A AR Al 0 AT

7

AN

g

HoSt
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Determination of Major and Trace Elements in Sepiolite of Remote Mining
Area by Microwave Plasma — Atomic Emission Spectroscopy

ZHOU Xue —zhong' , XIE Hua - lin**

(1. College of Materials Science and Engineering, Hunan Institute of Technology, Hengyang 421002, China;
2. College of Materials Science and Engineering, Yangtze Normal University, Fuling 408100, China)

HIGHLIGHTS

(1) The MP — AES uses nitrogen as the working gas, which is not necessary to introduce complex gases and thus
improves the analysis efficiency.

(2) Rapid linear interference correction ( FLIC) technique was used to correct spectral interference.

(3) Lu was used as the internal standard element to compensate for the change of spectral intensity caused by the

matrix effect.

Digestion vessel
Sepiolite (adding ImL HNO,+3mL Microwave digestion MP-AES analysis
HCI+1mL HF)
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ABSTRACT

BACKGROUND; Sepiolite is a layered hydrous magnesium — rich silicate clay mineral. The content of inorganic
elements in sepiolite is an important basis for revealing the source of ore — forming materials, the nature of ore —
forming fluids and the genesis of the deposit. It is usually determined by inductively coupled plasma — optical
emission spectrometry ( ICP — OES) and inductively coupled plasma — mass spectrometry (ICP — MS), high
temperature excitation of inductively coupled plasma (ICP) will produce a large number of spectral interferences.
High purity argon is needed to maintain the stability of ICP. Continuous gas supply for sepiolite detection in remote
mining areas will also cause the problem of inconvenient gas procurement and transportation.

OBJECTIVES: In order to reduce the spectral interference and realize the accurate analysis of major and trace
elements in sepiolite samples from remote mining areas.

METHODS: An analytical method was developed for accurate determination of major elements Mg, Al, Ca, Fe,
K, Na and trace elements Cu, Zn, Mn and Pb in sepiolite by microwave plasma — atomic emission spectroscopy
(MP - AES). Microwave digestion of sepiolite by using HNO, — HCI — HF as a mixed acid not only avoids the loss
of analytes during sample processing, but also speeds up the sample processing and improves the stability of the
sample solution. By selecting the analysis wavelength of the spectral line for analyte, using the fast linear
interference correction ( FLIC) technology to correct the spectral interference, and selecting Lu as the internal
standard element corrected the matrix effect, which improved sensitivity and accuracy.

RESULTS: The limit of detection (LOD) was 0. 19 - 14. 6jug/L. The accuracy of the method was verified by the
national standard reference material sepiolite (GBWO07138). The relative error between the measured value and the
certified value of analytes was between —5.0% and 6. 7% , which verified the accuracy and reliability of the
method.

CONCLUSIONS ;: The method has the advantages of low LOD, wide linear range, and accurate results. MP — AES
uses its own nitrogen generator to provide nitrogen as the working gas for plasma, without introducing a complex
gas, which improves the analysis efficiency, and is especially suitable for remote mining areas where gas

procurement and transportation are inconvenient.

KEY WORDS: remote mining area; sepiolite; major and trace elements; microwave plasma — atomic emission

spectroscopy ; spectral interference ; matrix effect
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