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AR R BHGIE VL (ICP - OES) X B 2 A i
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1 R
1.1 XS

TRE A S 2 B A 5 B AR A AN
( PerkinElmer ICP - OES AVIO500); H, F K
(0.000 1 g) ; 52565 M4 K ML B (30 mL) ; T
(1000 °C) ; B L Mas L+, HUERE A
S B R KR 3614 ( PerkinElmer ICP —OES Optima
5300 DV) TAESHLE 1,

£1 ICP-0ES TAHEZ%H

Table 1 ICP-OES operating parameters
280 B
IEVA 1300
FAEAR I/ (mL - min ") 1.30
FE TS/ (Lomin ") 12.0
BB/ (Lomin ") 0.30
AW R/ (Lomin ") 0.6

) 3 B A R E ALY (GR) | TG K ik R M
(GR) ERMR (GR) ;T VR LI B 2tk i BH
#18.25 MQ-cm; A#EYI B A Si Mn Ti V., Cr t5nifE
B4, MR R 1000 me/L; AR WM In bRifEfE
W, W R 1000 mg/ L,

1.2 RBSE
1.2.1 HEshfkbEE

KSR 0. 2 g OB 4 0. 000 1 g) KE S, FFH H:
AT B 2K i Ve IE B TR 3 (5 &2
30 mL) W FERESR A 3 ¢ EAALEN TR A PR
A, FIREYIREIN 1 g JTCKBRIREN, I 504 5
FEIR A W AT, B 3R A IR S R b, g il
20 min, #FEEHR 720 °C, MR IEEY 2L E
W AR BTG i, B R An SRR B, W LAE R
3 ~5 min B RS E] R EGE K, DA S 2R B

I o B BCE BB O A S AR U3 %
Ferf s BRI IA 100 mL BB HUK 2 5
W I st b s e, Rl ZUO B G2 S A
20 mL(1 + 1) #RIES IR, SHE R A B I 25 3
BRI 3 Y ARG AT BN BT Rl P o 4 5 S T 1A
VR VRGO TR N R A Y SIS
Ha B HESE 250 mL RUH LEA IR, B
5mL R, IMA S mL(1 +1) 8, I EXRE 50
mL R VUG LM LA 50
1.2.2 Fruhz

3 HEBR R L Si Mn Ti, V., Cr by #fE % 55 )
(1000 mg/L)10 mL F 100 mL 2 VU 2 4 25 &
o AR VAR M FE A 100 me/L B TR G b o 1A U 1]
W, AN 5% HCL, R Si Mn [ Ti |V, Cr brifEfit &
(1000 mg/L) MR- ARMEA R 1 BV (100 mg/L) Bt
B E 25 0.00 mg/L 1. 00 mg/L. 2. 00 mg/L,
5.00 mg/L.10. 00 mg/L B S nifE TAEW W, /i S
FE A IR R — 2
1.2.3 sk

DL In (29 10 mg/L) A AR, 221 0. 00 mg/L,
1. 00 mg/L 2. 00 mg/L.5. 00 mg/L.10. 00 mg/L 5 4>
JCERbREM L, R ZS AR 7 A4, B bR
FE S GBWO01429 | YSBC28661—2018 | A 1 #£ i 3
A BT 6 APATHRE  EATINAE .
1.3 RE[FEIE

FF 55 B Js R A ol A Bl ) 2R RR T AR IS TR
HL BRI 5 S5 B IR R OIS, B R R RS+
SRR S BRI RIS . TR
WREEU I, HAR RIS e ny s 2 5 oo R 1wk & 2
=

2 ZiRihe
2.1 HREIRFIRERE

ATy ik W R R R HE AT 08, BRER SR AR
IR AEA I A B R B, (H A 25 R TS I A
A SR, AR 56 BRI (BRI A =R
SRR R R B 750 °C, WIS KRB TR .
SCHR[ 11 = 12 T 7E 800 °C T M5 fift FE & X B8 HH 3 451 #E
WK BRI ) e A SR A BRI TE G , M 1 1l
WANE S AR 240, LR K EE S 7 o %t
TGER I 77 s — e T, dloAS X 6 v 3l B 4 il
720 C ,
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Table 2 Wavelength line selection for each element

JLE K /nm B K/ nm SO X

Si 251. 611 212.412 288.158 il
Mn 257. 61 259. 372 il
Ti 337.279 334. 94 L]
A\ 290. 88 292. 042 |
Cr 357. 869 284. 325 i)
In( 9HR) 230. 606 325. 609 ,303. 936 |

TEAAER TRk TP A A BR PURIES A 2
AR, HIMOTR RS AR R REZEAXT AR,

T X5 2R PR At g RN 7 A T R

SCHRL 1T — 12 ] 78 b o il 26 Hp i A Bk AR 75 i
BRI T, 26 & BB L 5 b i 5
AR RS A Si Mn (Ti V., Cr B9 %E JC I T4,
{H4EES R Mn & 8/ TF 1% B, 5% Fe 259. 372 nm
PELR TS T, Mn 259. 372 nm LR A5 T 5
AR kit 2k, I 25 SR W2 3, Ao, (i R Mt
WEER B KRB T WD, BLig 2 h 231,604 nm
221. 648 nm ,232. 003 nm 341. 476 nm . 227. 022 nm,
FE AR I A %F Si Mn Ti\ V. Cr B9 T4 A B &, a]
ZWEASTE o T il 5 R G R 1) 0 22 A 7E 55
KA, SR R B 7 =R R R sk ok 3, 3F B
K In AR IRIEAT PRI IE , In 230. 606 nm %
S0 B, S 2 0 B kb B AR A ot &R Tt B
B, AT A RO B R B R T X AR R A R
In ARIRFEIEAT— R 550, 36 25 SR 2R 01, 4l B
5 mL EWOE R T 50 mL 25 & H 0T A 2R AR L 4
T4 HA K B br oo &R e B2 A H 55 58 4, it
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Table 3 Comparison of two spectral line

measurements with different contents of Mn

. Mn Mn Mn #f
FE 5 s
257.610 nm/% 259.372 nm/% TEE/ %
YSB(C28661—2018 0. 157 0. 200 0. 158
GBW01429 0. 463 0.533 0. 470

1 0. 659 0. 720 —

i 2 1.279 1. 330 —

FE 5 3 3.426 3.450 —

R4 EYIE YSBC28661—2018 A Al B BORHIM & (/A 5% 1)
Table 4 Effect of different dilution factors of the reference material YSBC28661—2018 on the measured values

MR . EEIRRY S % WEREI B
mL /% (mg-L~1)
1.00 50 Cr0.136;Mn 0. 150;V 0. 212;Ti 0. 540;Si 0. 055 99. 70% 10
5.00 50 Cr0.167;Mn 0. 157;V 0.217;Ti 0. 543;Si 0. 068 90. 10% 10
10. 00 50 Cr0.177;Mn 0. 164;V 0.229;Ti 0. 556 ;Si 0. 075 82.30% 10
JER Dope 50 Cr0.196;Mn 0. 175;V 0. 255;Ti 0. 587;Si 0. 092 64.30% 10

YSBC28661—2018 #E##{H Recommended value —

Cr0. 164;Mn 0. 158;V 0.210;Ti 0. 541;Si 0. 068 — —

2.3 FFiEWHRENE TR
R LAMEIEFB 58, HAA LR LRI R (H

B YTE 0.999 UL I x2S FHFEESE T 7 ki A 2
KBRS 46 TR, G5 R % 5,
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Table 5 Detection limit, determination limit, 0 9 XF A UE bR HE W) R YSBC28661—2018 |
calibration curve correlation coefficient GBWO01429 N = SZBRkE st 17 6 W47, X
% Cr Mn v Ti Si TG 25 B S HMER B AT DA, 45 SR 4 ) UL R 6 Fi
KithBe/%  0.0025 0.0020 0.0016 0.0020 0.0080 27,
M FH/% 0.0100 0.0080 0.0064 0.0080 0.0320 EAREER I, R A BBk p R 4.
MIXARF(R) 0.9998 0.9999 0.9997 0.9998 0.9997 Bk B R ICZE TN, G IE AT MERE 5 4% TC E A

R 6 b R S R PN R
Table 6 Reference Standard Precision and Accuracy Evaluation Table
FHE/ RSD/ fmdwlEl HERE RE/
% % WE/% H/% %
Cr 0. 167 0. 162 0. 165 0. 168 0. 168 0.169  0.167 1.50 98.7 0. 164 1.55

FE i JLE W XEAE %

Mn 0. 157 0. 157 0. 159 0. 157 0. 156 0.158  0.157 0. 66 95.1 0. 158 0.45
YSBC28661—2018 Vv 0.215 0.225 0.215 0.21 0.213 0.223 0.217 2.78 96.3 0.210 3.22
Ti 0.533 0. 542 0. 537 0.552 0. 548 0.547  0.543 1.36 101.2  0.541 0.37
Si 0.0696 0.0685 0.0680 0.0694 0.0670 0.0677 0.0680 1.50 102.4 0.0680 0.54

Mn 0. 469 0.475 0.463 0.451 0. 457 0.462  0.463 1.90 98.2 0.47 1.54
GBW01429

Si 1. 86 1. 86 1. 86 1.86 1. 88 1.85 1. 86 0.44 99. 8 1. 87 0. 38
FRT PR VIO R
Table 7 Actual sample precision evaluation table
FEfb JLER W7 1/ % FHIE/ % RSD/%
Cr 0. 191 0. 186 0. 182 0. 187 0. 187 0. 188 0. 187 1.51
Mn 0. 691 0. 642 0. 656 0.679 0. 626 0. 663 0. 659 3.61
1* v 0.313 0.318 0.313 0.324 0.314 0.311 0.316 1.45
Ti 0. 366 0.370 0. 371 0. 376 0.367 0.372 0.370 1.05
Si 0.177 0. 166 0.17 0. 185 0.172 0.176 0.174 3.77
Cr 0.217 0. 221 0.212 0.211 0.218 0.224 0.217 2.35
Mn 1.26 1.32 1. 19 1.29 1.31 1.31 1.28 3.97
2# v 0.223 0.213 0.243 0.233 0.238 0.234 0.231 4.70
Ti 1.48 1.52 1.45 1. 49 1.51 1.55 1.50 2.34
Si 0.915 0.921 0.918 0.917 0. 926 0.933 0.922 0.71
Cr 0. 258 0. 255 0. 258 0.262 0.269 0.27 0.262 2.42
Mn 3.40 3.47 3.32 3.44 3.44 3.49 3.43 1. 80
3# v 0. 36 0. 361 0. 36 0. 359 0. 365 0. 365 0.362 0. 65
Ti 2.54 2.58 2.49 2.58 2.58 2.63 2.57 1.94
Si 2.97 2.98 3.00 2.99 3.03 3.01 3.00 0. 67
iR 2 RE /NTF 5%, AR B Ry 95.1% ~ 4 BERS T AN 2K

102. 4% AAMPRMEm 22 /DT 5% , A=A SLPrkeS 2.5 AXFESHAARNFENRRE S
RSD ¥2/NF 5% , #3 W1 M J7 1205 4 B S HEm B 1R ARTT VRN E WA b R AT — AR, JFRE
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Table 8 Comparative analysis between the method and other methods

eI

Fopt T i

BAERK

AT

BRAEAE ) R B B SIR

15
o

H
ik

b ICP - OES 77
75 ke

AR IEAERAERHE T B B 3, B O Ak SR
BF 1 ~2 h (A T i T T et e HL At T A A i i Ak 3
TAE) BB AN BB RS TR ZE 1 h
XPRE S A THTAL B, ALK A 4 30 ~ 60 min (AELE
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35 W S SRR BRI A BRI AR, AN 2 4
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HAT5 86K 4 4 2 0 BEAt B A LR e il 1
AR il P 3 KA K, 5 A I i JSC T R AR SR 22 R
Fi Jm It FAi 2R R BRI SR itn (A
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TR A B (HAP2R 2 I i A i A
ZANE AT, F 4 5 X S22t 35 v R A4 D )
PR + DU B P TR 5 o ) R LA AR AR, P A,
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DR KB N B B BRAS , AT A T KA R kR
AT, LA 2 A — T AR, 5 KAl #E4T 100 ~ 200 78§
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egidb2 ey kAR R B A £, Ry X g
WE A R —TTFR WA A DBk, E i vk h e
VR ik PR A T R, 25 v TR R B
S B NS, AT N PURAE R AR w e, — )
VL2 N AR, B R I Z W AT 40 ~ 50 PRBE A & B
ATCR I SE X G 2 9T 12 Foxt - B i
AR 5, F 6 2 7 A T 6 A o R i) R o 40 I
FE N7 AR UE R ZRIERE A0, 8] B X M A R SRR —
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A HRARTRT . OR R AE 05 AR 7 8 — UM S 1 TR o
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HEWZ/NT 5% , H =A~LPrFEd RSD /T 5%,
W I I 0 25 B A B L e, B 08 T R A

2) %5 % BB 1 IO X i A ot M A T AR
F 78 S R [A] PN A A5 B ARG I 45 2R | w6 A LA AT B
FEEER i HLI e 25 R A R S R e RS 5% R R
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Determination of silicon, manganese, titanium, vanadium, and

chromium in phosphorus iron by ICP-OES
CHEN Na, REN Nan, JIN Tingting
(Test Center of Geological Geophysical and Chemical Exploration Institute, Yunnan Nonferrous Geological Bureau,
Kunming 650216, China)
Abstract: In order to solve the problem of sample dissolution in the determination of impurity elements in ferric
phosphorus samples by inductively coupled plasma emission spectrometry (ICP —OES) , this paper uses sodium

hydroxide + sodium carbonate to melt the tested ferric phosphorus samples, and then uses inductively coupled
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plasma emission spectrometer to determine silicon, manganese, titanium, vanadium and chromium in the samples.
The results showed that the detection limit of each element was 0.001 6% ~0.008 0% and the lower limit was
0.0064% ~0.032% . The relative error RE of each element content between the results and the standard sample
was less than 5% , the recovery rate was 95. 1% ~102. 4% , and the relative standard deviation was less than 5% .
RSD of the three actual samples is less than 5% , which indicates that the method has good precision and accuracy,
and can meet the detection requirements. The method overcomes the insoluble characteristics of the phosphorus and
iron samples, and obtains the ideal detection results in a short time, and the determination results have high
stability, precision and accuracy. The test method has the advantages of repeatability, short process and low cost,
and is suitable for rapid analysis of large quantities of samples. It can be used as a simple, rapid and economic
important means to detect iron phosphorus products.

Key words: phosphorus iron; inductively coupled plasma optical emission spectrometry ( ICP — OES) ; sample

dissolution ; silicon, manganese, titanium, vanadium, chromium; short-process detection; low-cost analysis
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