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Determination of sixteen elements in high-purity quartz by kinetic energy
discrimination collision-inductively coupled plasma-mass spectrometry

HE Sha-bai, BAI Lu, DU Tian-jun”
(Henan Academy of Geology, Zhengzhou 450000, China)

Abstract: Through taking a kinetic energy discrimination collision mode to eliminate the interference of multiple
atomic ions and deducing the double charge interference of Sr on Ca from the interference equation,a method using a
single quadrupole inductively coupled plasma mass spectrometer is established to simultaneously determine the content of
16 kinds of impurity elements, including aluminum, calcium, chromium, copper, iron, germanium, potassium, lithium,
magnesium , manganese , sodium , nickel , phosphorus , strontium, titanium, and zinc. The detection limit ranges from 0. 001
pgeg” 10 0.1 pg-g ', and the sample recovery rate ranges from 92% to 110%. As this method is applied to determine
standard substances in high-purity quartz,the result delivers a relative error (RE) in the range of —29.03%-10.77%
and a relative standard deviation (RSD) of no more than 6. 0% (n=10) when only examining the elements that provide
a recognized value.Satisfactory results are obtained when the method is used to determine the impurity content in quartz
sand with a purity of 4N8.
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FE R AR, S B0 o0 2R o 6 RIS g, X sk
Dy oo R, T E 2R 5 A ECA R A AR
TG JE A R
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BT, 280 FH B DU AT H B A R AR
1, R FH S RE AL A 1 (KED ) BT bR 22 ) 1%
T, AT 2405 Sr XF Ca BB T T4,
52T RIBFINE 16 A2 TR ok, S AR &
JCEMERIE , kKRR 0.001~0. 1 pe/g,
HIFRSZ 5 RE  [BIKCR 929% ~ 110% , 1% )72 1 T 4N
KU b 20 BE v 4l b vh % o = E , 45 R
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1.1 UERITIEEH
ICAP RQ 7 i JEHE & 45 B T 1A o i A3 (R 3R K
MRBHE AT o By TAESME IR 1,
£1 ICP-MS TiE&#H

IR ZHL Huf N EE S Hiff
R/ W 1550 || REEREE/mm 5.0
iS5, KED || 4 R4y 20 Bk
BV E/(Lomin ™) 14.0 || EHRE 30
WA/ (L-min™')  0.80 || i¥iiig 3
FASW R/ (L-min™t) 1,05 || SREERE/mm 5.0
ZA N/ (Lomin™") 4.90 | Zr¥Es el
EER IR P 2 XL H i 7 25 3

(35Ce0*/Ce) /% (¥®Ba®/'®Ba*) /%

SYNERGY@ UV H4lizK 258 (R B ) |, 5L
55 FHOK 24 h e 2tk R G0 45 (R BH A = 18.2 MQ - em),
25°C) 15931,
1.2 RKFS5HR

Al .Ca .Cr,Cu.Fe Ge K Li,Mg Mn Na Ni P,
Sn . Sr.Ti . Zn Zr Sc.Y FRICE IR UEME SRR ([E XK
A48 K AR AT 0 ) L1000 pe/mlL;
ZICE IR A PRER I (GNM-M330198-2013, 10%
MR S%AHR IR SRR , I 5A (64 J8 T 1Ak

F 445510 H

A 0 ) s Al Cr, Cu, Fe . Ge (K, Li Mg, Mn,
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Kt (P CH R B R A R A A - MOS 44
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ERBRIAINE AR A FRA D)
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ICP-MS M E R h 24 e R 1 & i,
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R2 NEREH.NIRRIEERNE

R N R bR
R R
TR OBREC ez | T s
Li 7 0.05 Se Cr 52 0.05 Sc

Na 23 . 10 Se Mn 55 0.05 Se

Mg 24 . 10 Se Fe 56 0. 05 Se
Al 27 . 10 Se Ni 60 0.05 Se
K 39

Ca 44

0
0
0

31 0.10 Sc Cu 63 0. 05 Sc
0.10 Sc Zn 66 0. 05 Sc
0. 10 Sc Ge 73 0. 05
0

Ti 48 . 05 Se Sr 86 0.10 Y

G PR i A VAT TRZR R B, T ) L 2 10,20,
50,100,150 ,200.,300.500 ng/mL HY45 B FR AL U B
G| HAy T 2 i Rk ¥ 0.05.0.1.0.5.1.0.5.0,
10.20.50.,100 200 500 .1 000 ng/mL FYIRAFFIE &
G, BT ST ER A HE I Z G A th e R A r (.
W3,

F3 KHEMEZE
. et 4 [/ - .
(ng-mL™")

"Li 0.5~200 y=34.215x+0. 748 1. 000
B Na 1.0~500 y=840. 038x+9544. 634 1. 000
Mg 0.5~100 y=400. 838x+412. 260 1. 000
Al 10~ 1000 y=93.315x+1183. 565 1. 000
3p 5.0~500 y=6.750x+119. 764 1. 000
¥K 1. 0~500 y=287. 443x+6685. 111 1. 000
#Ca 10~500 y=18. 440x+261. 272 1. 000
BTy 1.0~500 y=2177. 736x+50. 578 1. 000
2¢r 0.05~20 y=15740. 019x+1773. 081 1. 000
3 Mn 0.05~50 y=6101. 963x+561. 508 1. 000
FFe 1.0~100 y=11413.703x+39597. 820 1. 000
ONj 0.05~100 y=7933. 651x+914. 164 1. 000
% Cu 0.1~50 y=22805. 229x+2146. 046 1. 000
7n 0.1~50 y=1461. 078x+223. 277 1. 000
BGe 0.5~200 y=118. 172x+2. 334 1. 000
86y 0.05~5.0 y=248. 550x+23. 494 0.999

2.2 FRREMEE

Jo 3 ) 40 R B AR B R,
TEaia e £ WA — SR C s A R £ 1,
W R AN AR BTS2, B T X
oAl SALR T 2R T A L
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it KED BT BRI A S SRR AR AR e &
HIfES, U HE Mg P, Ca X8 KED X FE5 A
EHAE RS R TR, RIS SRR
R T PR AR E . ZE PRI %R Co 1R
SAEA P Co/PCI"0 A, 2415 5l >3. 0x10* Cps,
H *Co/PCl°0">18 Bk FULAR B E ZoK

BEFES IR S 78 KED AR 4351 0 B
20 ng/mL HIIRARE TR .20 ng/mL 55 BAFRYA R A8
WL, PCETE RN 0.1 s, JEE 3, PR AR
0 5 WARERY L Mg TP M Ca P Co IR %
{5 .PCo/PC10" HuAE, TP IMA, 45 R W3 4,

*4 FRESHETHTEESHE(n=5)

S e e L ¥Co/
AR/ 7L Mg sp “Ca ¥Co
35 C1160+
(L-min™")  Cps Cps Cps Cps Cps
Ml

4.6 3.5x10° 1.6x10* 3.4x10* 8.5x10* 4.7x10* 15
4.7 3.1x10° 1.3x10* 2.5x10*> 6.8x10*> 4.5x10* 17
4.8 3.0x10°  1.1x10* 1.9x10* 5.3x10*> 4.1x10* 21
4.9 2.6x10° 9.7x10° 1.6x10*> 4.5x10° 3.8x10* 25
50 2.2x10° 8.2x10° 1.2x10° 3.5x10> 3.5x10* 28
5.1 2.0x10° 6.8x10° 95  2.9x10°> 3.2x10* 30
5.2 1.8x10° 5.8x10° 70 2.5x10* 2.9x10* 32

PCo/TCICO ILEMRR T Z T8 T T H
BRAREE | LU B OCR ity (BB 2 U 1S R,
TLR R A PR, 256 %8, A s 2 Uk
HIHEN4.9 L/min,
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XL AT T AR o (RS VA B, 0 B 55 T
I FERMEIE . — M T T O Aif Y T 2R A Tl L
GlE —UHETTRER M L, e RThITER
T VCEGWT M FEEICERA *Mg ¥ Ca P Ti “Ni,
q:%ﬁ%ﬁ\%”ﬁ 48Ti2+ . 88Sr2+ . 96Zr2+ R 12()Sn2+ . é/f{\ﬁ%u
Mg Ca Ti Ni Fbrm e 2k, 55000 i %f 0 i) 14t
TCE BRI, WLEE A TO R 1Y S Bl o R B, 45 2R L
x5,

x5 WFHATENNERE ng/mL
#Mg  “Ca BT SONi
FHRICE bR (p=100 ng/mL) 0.6 1549  0.12 0.9

BERFWIER T Ca Z A0, XU A P00 155 0 7T
ES- RN R

ZHEAE S & IO S BAAR L HE R S, TE Ca
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gZiRmEe, KUK,
F6 SrEREIRKERTINELER ng/ml 8 FBrLEKRURENE TR ne/g
Sl EMEE  Ca MW Sr 2 e B Ca I 5 Ve JLHE F¥E bR 2= Kz R 7 T BR
0. 000 0. 000 0. 555 8. 609 Li 0. 00156 0.0013 0. 004 0.010
0. 067 1.208 1.214 18. 420 Na —-0. 00601 0. 0090 0. 030 0. 090
0.109 2. 456 3. 628 53.230 Mg 0. 00679 0. 0050 0.010 0. 030
0.295 4312 Al 0. 00909 0. 0303 0. 090 0. 300
P 0. 06791 0. 0467 0. 100 0. 300
K 0. 00672 0. 0271 0. 100 0. 300
DL g H %) Se v B SR A Al b, I 32 HY Y Ca ¥
, M7 i /i?Eiﬂ‘ , *T/’H)JE&I' i N (S Ca -0.01635 0. 0466 0. 100 0. 300
Y AL £ & 3 > r —
FE RO AL bR, VR B OE LA 26, 15 T4 7 2 " 000169 0.0010 0,003 0,009
14. 604x+0.363,r=0.999 7,414 1, Cr 0. 00047 0. 0003 0. 001 0. 003
-~ 60.00 Mn 0. 00040 0. 0004 0.001 0.003
'é 50.00
; Fe 0. 00420 0. 0033 0.010 0. 030
® 40.00
= Ni 0. 00101 0. 0002 0. 001 0. 003
% 30.00
% 20.00 Cu 0. 00061 0. 0002 0. 001 0. 003
% 10.00 Zn 0.00159 0.0014 0. 004 0.010
0.00 s s s Ge 0. 00033 0. 0005 0. 001 0. 003
1.00 2.00 3.00 4.00
Sr¥KJE /(ng - mL) Sr 0. 00054 0. 0007 0. 002 0. 006

A1 T4

PIRESS A FIBRUED) T 58A Si0,-99. 99 C M1,
H Se VB AR THA TR B, Ca T MR B0
F v B R Ry SEBR vk B, W B AR A SR L
*®7,
®7 FHABBIERK Call
FEf A 58A Si0,-99.99 C

“ Ca MEHE/ (ng-mL™") 48.20 7.02
868y M EHE/ (ng-mL™") 0.63 0.15
T E/ (ng-mL™") 9.56 2.55
#Ca FPRWE/ (ng-mL™") 38. 64 4.47
Ca MELER/ (ng-g™!) 3.86 0.45

INEE S ARHERE/ (pgeg™) — 0. 42+0. 09

SN WA S22 N S Sy R sbyeA 2 R[]
S T BB IE M 5 VR AEERE (A Bl P, DR e A5 A
AR AR AR A , BT AR A, TR RA
WA AR AR 2 A i ele A8 | R e 938 I 1 BT 3T
fli St X} Ca FURCHEfaf PR L UGB th e, 1155087
TR,
2.4 FEMKHR UETRSERE
2.4.1 Fkth BB TR

e FRIAL I S0 55 N XS AR T R IR &
PRER RSV, W 10 A2 as A
ARVATR, DA 2. 821 A s FAR A 25 15 A h 45 o
RIWK R, L 3 A4 e BRAE S il e R RR 45

2.4.2 AR
T —SEBRAE ity AR I 5 2528, 23 Bl AAH T
Y E YA U ER SR, SR IR A 14 i ALk BRI 52 7325
TR R IR SR IR 9,
x9 HmEgE

FEaEM,  ndrds  WDESGE,  FES EeR/

JCZ

(ngg™) g (ngg™") %

Li 1. 860 2. 000 3. 840 99
Na 6.530 5.000 11. 800 104
Mg 0.200 0.500 0.720 110
Al 28. 400 30. 000 60. 500 107
0. 450 0. 500 0. 990 109

K 3. 440 5. 000 8. 360 98
Ca 8.350 10. 000 19. 100 109
Ti 6.960 5.000 12. 200 103
Cr 0.068 0. 100 0.173 107
Mn 0. 400 0. 500 0. 920 105
Fe 1. 140 1. 000 2.220 107
Ni 0.052 0. 100 0.155 106
Cu 0. 150 0. 100 0.250 100
Zn 0.110 0. 100 0.201 92
Ge 2.770 5.000 7.830 102
Sr 0. 140 0. 100 0.244 103

FEdh 2 0 Z B9 LR N 92% ~ 110%, T 2
FR
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2.4.3 EHE
i FHA UERR MEY) B 58A Si0,-99. 99 C #6546 1F

THBE%E . BERMIE-BRESFEFRREENESLERUP 16 TR - 241 -

W, FEHEPMEAM T IE 10 ROTR & &, 1T E P
YJ{8 RE #1 RSD {8 , 45 % W35 10,

R 10 58A Si0,-99.99 C MELR

. F-H{H/ RE/ RSD/  WNIEAE B ANt i/
JLE MELR/ (ng-g™") ) }
(neg-g™) % % (peg-g™)
Li  0.25,0.25,0.26,0.24,0.25,0.23,0.25,0.23,0.24,0. 27 0.250 -1.20 4.1 0.25+0. 14
Na  0.71,0.73,0.69,0.69,0.73,0.70,0.73,0.75,0.73,0. 68 0.710 — 3.4 <2
Mg  0.086,0.086,0.087,0.106,0. 094,0. 086,0. 087,0. 088 ,0. 100,0. 081 0. 090 — 8.5 <0.5
Al 8.72,8.80,9.06,8.71,8.79,9.02,8.99,9.12,8.77,8. 45 8. 840 1.61 2.3 8.7+0.7
K 0.41,0.45,0.46,0.39,0.39,0.46,0.42,0.49,0. 42,0. 45 0.430 -10. 42 7.4 0. 48+0. 27
Ca  0.42,0.39,0.43,0.43,0.44,0.42,0.45,0.45,0.43,0. 40 0.430 2.38 4.2 0. 42+0. 09
Ti 1.36,1.48,1.47,1.40,1.46,1.41,1.44,1.47,1.44 1. 46 1. 440 10.77 2.7 1.30.4
Cr  0.042,0.045,0.043,0. 043 ,0. 043 ,0. 044,0. 043 ,0. 051 ,0. 044 ,0. 042 0. 044 -29. 03 6.0 0. 0620. 021
Mn  0.013,0.013,0.012,0.012,0.010,0.016,0. 015,0. 016,0. 013,0. 012 0.013 — 15.0 <0.2
Fe  0.54,0.56,0.61,0.58,0.60,0.58,0.61,0.57,0.66,0.56 0. 590 ~4.84 5.8 0. 62+0. 12
Ni  0.031,0.029,0.030,0.031,0.032,0.030,0. 030,0. 030,0. 029,0. 030 0. 030 — 3.0 <0.2
Cu  0.006,0.006,0.006,0.005,0.005,0.006,0. 005 ,0. 005 ,0. 006,0. 004 0. 005 — 12.9 <0.1
Zn  0.005,0.005,0.004,0.009,0.001,0.006,0.007,0.003,0. 007 0. 002 0. 005 — 50.0 <1.3
Ge  0.69,0.68,0.68,0.70,0.67,0.71,0.68,0.71,0.69,0. 70 0. 690 — 1.9 <1

K 28 5 A0 X iR 22 (RE) i —29.03% ~
10. 77% , AT bR E 22 (RSD) A KT 6. 0% (n=10)
(EELHINEERITE) TR,

3 it

7R SR FH B DU AT FL S 5 A S TR B AL
SRR AR A & T e, IR 16 Fif
ZRFOLER , ek bR 1T WSe s vy Jo 36 U AT E 7 12
FOXT, R W ECHE B A5 A, BEAZ TG 2 ANS w4l 1 5%
77 Al R 2R I E
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