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il o 12 20 LR B A5 B AR VA (HR-ICP-MS)
ST AR | R Al AR Y ) — R 0L ik g X 4
THe ¥ A B bR T 2 R A R s 2250, JLT AT
DA fife R gk ) 2 S 67 3R A 0 S5 4T (HAE AN AR
HAREAS ., TP ™ E 25T 8T Tk,
DA v e 3 R AT I B o0 3 1 o A U A A T
JE ICP-MS 437 42 & #2038 At 1T 1 194325 38 i)

HAT, AR A = 5 AR I DU T H R B S
TR BRI Se 45 Al A 2% 4 T SE R T Rl 1) A A H R
BFFE U R IR B . A AE 2002 4F , KOZONO %)
P T — P e LRI TR A /R R AR B AR R
H(CP-MS), 4r B ARG, W 5E m/2=47 5y T15
SR, AT R AR 4 JE A A A R AR e
TR, LS TS VA (GDMLS) 11910 2 25
FREEXF, 45 R —5 Bl 2h 8 R (DRC) By HL &
A 55 8 - R DU AR R o 1% A3, Bl 1 o A 0
LB FREE SRS, PAIS SR L FEO N
1 mL/min 4040 F , St 78 m/2=45 . 47 M 48 kb 53
R ST P AN STAE S E ALY B T PSiPOH
SPYO F S0, T m/2=28 ., 31 M 324t £ J5 T
BT m, B B B R AR A
di, SR FH K - SURRRR VA R S (B = S AR
AT PR BRI A 45 B - R IS, AE I bl AU
Wit R 0. 375 mL/min AT, SCHL T MRS
G PR ERE R A 5 Bt 4007, A HH B350 D 0. 075 A0
0.086 pg/g, MFLEI6. 026~109%

AR SR = K DY T R B A T R
HEALACP-MS/MS), ¥R % T il #12X | ) W <ARFh
AN [R) B T 0 e £ AR T i 2 BRAEH, 1k
TR R R TG B AR I, X B A TR
J5 A T R AR B T BR A RCR, S T AR AR R/
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U R HE AR SR

1 SEIGERS

1.1 EFEF by

BEARMERR 458 GSB G062008-90(1 000 pg/ml,
A B H.O, B84 52). BV 94 2 (b 50 4k 2% 38 50 F
FEAD) . Haiizk (Milli-Q, 18. 2 MQ.cm, 0. 22 pm) .

SRR S (18 24), &8 B R (39) . &R B
FEdh (45)
1.2 &

NexION 5000 =5 PUZFT A I G 55 2 114 it
WAL (PerkinElmer), W 2 77 2CIE % 5T s 55 75 , S i s

AT NH, 1O, QL F Q34396 3 2 5 = I 1Y
5 N 7 LA B 2 I e AR ) B T PR, AR
SHWEL,

£1 ICP-MS/MS #SH
Table 1 ICP-MS/MS instrumental parameters

Parameters Value
ICP RF power/W 1600
Plasma gas flow/ (L. * min ") 16
Auxiliary gas flow/(L. * min™") 1.1
Nebulizer gas flow/(L « min™") 0.96
Scan mode Mass shift
Cell gas NH;, O,
Cell gas flow/(mL » min~") 0.9
Calibration Standard addtion

1.3 XWHE

A BIFRELL. 00 gCRE R %] 0. 000 1 g) & @AM T
250 mL A7 HBEAR R, A 10 mL A8 467K Fi1 5 mL il
B, TR BRI R . E2Wie, RAEE
W, DUKERZ 100 mL A AT, B2,

SR JH = DU 0OFT H JB 5 55 8 A o 3 A A AR
N B TAE SRR A7 A i ) 3550 25 1 )
JE , MR E M 2R i B VR R
1.4 TiEMhZRECH

BEPRUEV W (10. 00 pg/mL): 1. 00 mL @b
WEAg 2 A7 (1 000 pg/mL) F 100 mL 28 & i 4,
A5 mL gz, IKEZ, IRA.

Wi bn v W (1. 00 pg/mL): B HEL10. 00 mL
PRUEF I (10. 00 pg/mL) F 100 mL & &)+, A
5 mL AR, IKEZ, IR,

SR AR N A 000 2 4 s 4] / B8/ 6 il 400
PB4 B4 /88 / B 10 mL 2 100 mL /7 & &
M, MW A0, 0.10,0.50, 1. 00, 5. 00 mL bz
HEREWL(1. 00 wg/mL), #MN 2 mL A R, DhK € %5,
HES

2RSS

2.1 HmMBRRE

% % GB/T 5121. 28—2021 (4 & 5 & 4 b
HOAMEITEE ). GB/T 8647. 11— 2019 (&AL 43 #r
Jr ). YS/T 281. 17— 2011 &4k 27 43 1 7 12 ),
4 A/ BR /A R AT SR R G R VA A o 43 S0 AR R
1.00 gkES: T —40 100 mL B h, $2 IR 2 AR
[ R R A s R (14 2), WL S B0 B G2 R i A B[]
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®2 HBRAFERAEXR 28 000
Table 2 Dosage test of sample dissolved by nitric acid 26 000 -
A
.\ Dosage of dilute nitric Dissolution
p . 24 000 -
Samples acid(1+-2)/mL time/min Phenomenon o °
2 .
Fast and then é 22000 - :
10 25—30 slow, completely = a °
dissolved, clear § 20000 - g 3
= [ ] ° ]
Fast and then g 18000 4 =
Copper 15 15—20 slow, completely Z o A
dissolved, clear = 16 000 -
|
Fast and then 14 000 |-
20 10—15 slow, completely = Cu
dissolved, clear 12000 ® Ni
A Co
Dissolves 10 000 1 I 1 1 1 I |
10 60—80 slowly, little 1 2 3 4 5 6 7
precipitation Number of detections
Nickel 15 4550 Dissolves 1 1 gLMREGR/EEFRHEEEF I PHRESENELER
slowly, clear Figure 1 Continuous detection of *'P in 1 g/L copper/nickel/
20 30—35 Dissolves cobalt solution.
slowly, clear
Fast and then . — N e Vs s .y ™~
10 2025 slow, completely 18 7R He filf i B2 20F, 7 U 22 I w19 15
dissolved, clear 5 B P B AR, Ul B R I E R B AR E A
Fast and then - P N Ve et gt g
dissolved, clear i TR I AR B R AR
Fast and then NTNNES e 3 SN AN
20 10—15 slow,completely ﬁ@*ﬁﬁ?’ 1#0\”7[;%5&@{&[{35/] W{ZIKJ:I =

dissolved, clear

HR2ERATH, X FaBEIME, ATl A
RV, IRE R R %2, 10 mL# SR (142)
AR VLK BE O S8 A TR R R (14-2) &3k
15 mL PA i), B AR i o8 &, tH R 8 £, ¥
A A . 5 o 3 4 R R R A DL M s g1 ATH]
B, AR TR 15 mL R Al R (14 2) SR 47 B 5 % i
AbFR
2.2 MEEKXRIEE
2.2.1 HiifE / ROV R

HH, HL G G A5 B AR BT S A A A K e
B A7 302 B R0 4 AR BT 77 A B 6 A U DT 2 A5 5
Hl s sRIEH . HEPRE FRAEREOCE, HRA—
AN AR 31, = EP G DU GRT R A B TR
BB (ICP-MS/MS) 1Y 55— P AT Q1 3L 45 5 12
B 31 BRI P aE ik, 2l A SRR A AN D)
FF Q2 #EAT Rl 48 B 40 TS, R & 5 =4~ 1l
AT Q3 B HCR 31T aE it . P28 %
JEF B UNPOH, PNLH T PNPO T PCPOH T 1Y
FEE AL, FERE R R R A B e E R, SO
FESR IR E N 22 . M BIHE 1 g/ L A Ak /R 5
T/ Bl AR L) BT & R B 4 100 ng/mL B PIWE
7E5 mL/min () He R 80T, 2 2000 2 7 3, 25 21
LT,

A SR IR RO 7, a0 R R T O O Ak
BB TR B A H Y o RO B D 20 ng/mL
f8 PR, AT AN R U 161 9 77 0 8 1 o B e, X
AR R R PSR (NH; L O,) 5 P RYSS & ROR#EAT B
APPRAYEESE, WK 2.3,

16 000
14 000
12000 |-
10000
8 000
6 000
4000 |-
2000 -
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2 NH;#E3(, 20 ng/mL MBER R R REHAEER

Figure 2 Mass scanning results of NH; mode in 20 ng/mL
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Figure 3 Mass scanning results of O, mode in 20 ng/mL
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&1 2 R AR AR AR SR S T B, AR AR A
SEREE, 5 R B, NHAE R RO ART, 78 5T 50k
48("PNH, ") 4b Jo i, B BH *'P 5 NH, 19 45 & fig 71 JL
FH 0o PIIEASBESE B NH. 1E A 850U <o

&3 57, il R O, 1 S J R S, 5T 50y 47
Ab B — A 5 0, XF VB PO, B CTP 5 AR
HEAT T A ORI, 3 A I R 47 1P TPO T SE
XT84 BT, T PR T UNPOHTL PNL'HT
PNYOT, PCEOH X T P R LR TR T,
PR A 4 O, 1 Sy I 7 Wl 19 2 <
2.2.2 SRR SRR

R TC 2 5 RN S 456 R B 25 52 B SR it
S, BRSNS A SR E— R
S PERAN AR 1) FL 2 B S B R U RN H & B80S 57
S, DRI Y R A AT e A T A R ) R
B ok F 22— T il BT & Wk B2 O 20 ng/mL B WV L,
P10, 15 mL/min i #% &, #F 47 0. 30~1. 80 mL/min
O, it & ML Ak, 5 B 5 80 47 15 PO, il i
S S E ST SIREATE ST M2EME S
{8, BN A TAE AR, 2R WA 4,

14 000 | 6\ 40.005 2
X
/ 1 e 40.0050
' d 1 \
: .\/. N 40.0048
£ 12000 - e\ T e 00046
< i N
= v = 400044
5 - -
g ¢ ow H0.0042 2
£ 10000 | P e
3 ’ i *— o 40.004 0
Rk . !
= St ! \. 10.003 8
i ) 40.003 6
8000 [ 1 —e— Intensity/cps
i -=- Ratio ~0.003 4
i
1 09 10.0032

1 1 1 1 1 1 1 1
02 04 06 08 10 12 14 16 18 20
0, gas flow/(mL + min™)

B4 O,SimE PO MEK M
Figure 4 The influence of O, gas flow rate on the
detections of *'PO".

B4 2k 15220 Fon ke in Pk 15 5 515 55

5 2, R BOR Ul B 7 53¢ 1 52 e /) A ) BRBEAE

L2 Fonm AMES SR RNTTRGFE S
{EL, BO0E /N0 A 1 L RIS o &5 B 3 055 T,
O, 0. 9 mL/min,
2.3 MEHAKXHERE

P /A /A R RO T ke A b 25 7 A R B
i, 5 0 5 00 2% 5 A0 S A B A R O R
TRFE I (AT BINE 2 — (AR AR B AR 2% TR K
S5 G A5 55 050, DRI 2000 2 7y 3 Ol A T L B

o T 2 B R B E — 2P A Ak PR AR TS T
o P BRI | A o A T R R DG 3 2 9 B S A
Tk FH e =K
2.3.1 WIrIcRMER

PIbRIE FTAE— 5 FEBE T SO IR AR / B8 / A L A4 v
RN, I AR TG 2N R i B 5 R T R A
UE A GG G AR TR AT AT AL
B3P NARITER , WHRITC R WS 59 N S5 RFoT R
AHIT , e il B2 A 50. 00 ng/mL. fE1 g/L f4hFEAK
o, HEZ2 E 50. 00 ng/mlL (9 B TR 1138 , ™ bR I
SEBLANE 5 TR

160 000
140 000
A, A A A o Ak A a
120000 |
)
=
Z oo o , o o O o
15
E
S s
= -
L . - -
= 40000 = - " = =
& Sc
20000 |- - Y
A Rh
1 1 1 1 1
0 2 4 6 8 10 12

Number of detections

5 Sc.Y# Rh HIRRIER
Figure 5 Correction influence of Sc, Y and

Rh internal standards.

B 5 o e AR R [ 1% 80. 06~12000 , 45
BB, B2 A I NAR DT R B, L iy
15 2 80. 0%6~120% Myl Bk, & BRI NAR TR
Al g EE SRR T R R AT, HINAR TR TR 5
S BN 5 RF I TR AT, R L B AR A AR TR
2.3.2  SEAARRON TR

R R FE AR 1 6T T B AR 2500 A A IE R A 8 A,
AR /B /B REAAYR FE 4351 0. 20, 0,50, 1. 00 g/L
B, A 50 ng/mL (B, 76 AH A1 0 5% 44 T I # oc
REINES I, IRt E, WEG.,

H 1 6 T T, Bl A /AR /R S A R R I 1
W5 R M5 5 98 A7 7R A AR B A B AR, SR FH A o
i AR, S5 R 3.

3G HRRW, DL ScENARIT, Bl & B /B /B
SEAAHR B 1 30, e A I 5 SR s D, T L B —
BRI 7 AN BE 58 2 T bR L0k T4, W45 & 1
b 7y Ktk — Ak .
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99000 IARJ5 2UA 50 ng/mL 4 HTH K, R AR MEMA
30000 L (77 3, 0 5 R 5 T 508 T 3 D606 BETE X LA

. . nkA,

L Fh 7 4 25 SR TN SR 1A A K D 2 40 4/

zwowf " B/ 0 5 R 50 I 40 HE T 10 i % R A

2 ol ~ e 152200 L PN, T A B 7 A0 S e o i/ 46/

K Ll Bl B o AT I A RO TR o BEMR DT VR S bR A 1
oo o OB , 25 BB K AR b SEBRRE 5 4
5000 o TR /R 22 SRR, EL S AR A B

, , 1 5 A AR HE I A A S T 7 5 2
’ Mulrix(*un?‘cilm[iuns/(g'Ifl) 1 2.4 NREERM
6 RERERKBESEE FERSFRARRR B 3R 106 . 2% . 3% 4% . 5% 1)
Figure 6 Signal intensity of phosphorus at different A I AR R 1. 00 A150. 00 ng/mL HY
matrix concentrations. WA, FEFIRER S5 1 T AT I , 25 R L3R5,

5 WoR, HRRAE 1Y0~52% WAR AR, 8 19 &
{E 55 SE PR AR LE A TOAR b, 1R B2 T 0 5 45 2R 52 i
AN, A% 2 0 GER AT D9 5E IR Y97 o

®3 EEEFHER

Table 3 Matrix effect interference test

Matrix concentration/ P concentration/
Samples (gL ) (ng+mL ") 2.5 TIE@LR AT HEHIR
0.20 49. 42 Xt 114y 4 B R A 1 OIS bR i) V8 A 7
Copper 0.0 4.2 AR 22 , LA 3 A5 o O 2 0T o7 v J88 11380 5 A
;- ZZ ij :z R, LA O b i 2 0 R e -0 5 BB, 4R W2 6.
il 0:50 40:55 M 645 T A, 4 JE b Bk 0 K R R
oo " 0. 13 ng/mL, & #BRHK 0. 43 ng/mL; & @R P B
020 R PR 0. 22 ng/mL, EHRA0. 73 ng/mL; G J@% ik
Cobalt 0.50 46. 24 B BR 4 0. 29 ng/mL, R 0. 97 ng/mL. REMWE
1.00 26. 59 T A2 4 Ja 5 /B /8 Hh i Y BT AE 0. 0001 %6~0. 0050 %%
I 2 7 5K
2.3.3 tREMAE 2.6 FEEEREFNINARE WSS
o PRI A S 50 1 A S50 AR HG Al 4L PR 2R 5 1 RS SRR S L X 18 ~4% 4 SR RE B AT 05 55
Wel ) e A BT R 22— xS /B /R R R R JE S AANAR MW S g0, 5 RILE 7.8,
SEAV AT, T R I P B o T, P SR 4R H 7. S84SR, 484 /4R /B B D

R4 ICP-MS EMGHLERNER/ 58/ 8 P HIRELE Rttt

Table4 Comparison of results between ICP-MS method and photometric methods for determining phosphorus in copper, nickel, cobalt /%

Element Samples ICP-MS/MS GB/T 5121.2—2008  GB/T 8647. 4—2006 YS/T 281. 5—2011
1# 0. 000 81 0. 000 74
2% 0.002 41 0.002 62
: 3= 0. 000 67 0. 000 62
4% 0. 000 21 0. 000 14

x5 TREKREHBRNT RO

Table 5 Influences of nitric acid media on detection /(ng - mL™)

Nitric acid volume/ %
1 2 3 4 5
1.00 1.16 1.13 0.92 1.24 0.87
50. 00 49.83 49. 26 50. 15 50. 18 51.12

Original concentration of P
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Table 6 Linear correlation and method detection limits /(ng * mL™)
Element Samples Working range Linear equation R LOD LOQ
Copper y=1344. 22110373 0.999 9 0.13 0.43
p Nickel 1. 00, 5. 00, 10. 00, 50. 00 y=1803. 3x+9040. 7 0.999 5 0.22 0.73
Cobalt y=16652+1284. 6 0.999 9 0.29 0.97

Table 7 Precision experiment results 1%
Copper Nickel Cobalt
Element Repetitions
1= 2% 3% 4=

1 0.00081 0.00241 0.00067 0.000 21

2 0.00072 0.00225 0.00062 0.000 18

3 0.00091 0.00238 0.00063 0.000 22
P 4 0.00087 0.00251 0.00051 0.000 24

5 0.00079 0.00244 0.00056 0.000 16

6 0.00084 0.00238 0.00061 0.000 21

7 0.00094 0.00256 0.00068 0.000 18
Average values 0.00084 0.00242 0.00061 0.000 20

S 0.000 075 0.0001 0.000060 0.000 028
RSD 8.9 4.1 9.8 13.8

RS MMAREIKRIELER

Table 8 Results of recoveries pg-g™)

Sample  Spiked Spiked
Element Samples values/  values/ samples/ Recoveries/%
(ng-g ") (wgrgh (ug-g?

1# 8.4 8 17. 67 116
2% 24.2 12 35.59 94.9
: 3% 6.11 3 9.42 110
44 2 2 4.37 118

B FH bR AE D 2275 4. 1% ~13. 8% 5 Jinkx Ial il R AE
94.9%~118%.,

3 #Fig

& JE R B A O R W B A AR 1k
AE L PRI 2% 5 00 28 4 o 194 7 A 4 o R o 1 0 5 T )
FE L WA S A N (DRC) §9 = T Ef 5 DU AT H
R A 5B PR RS SE B T & B A /B
P MERRIN S o R SRV fAE S, 460, 9 mL/min ¥
O, P T 2t I BT 400k 47 19 °'P°O ™, 25 B Anife
IR Iy 2T B 4 R 0 SR T ik A 0 9
0. 0001 %~0. 0050 % , ZePEA & R B FE0. 999 5
PLE, B BRAE 0. 3 ng/mL LI T, S2Prke & I 5 &5
500 6 BE 1 45 S L X B A — B, MG A o A 22

TE 4. 1%~13. 8%, Jin kg M W R 76 94. 9% ~118%,
S ICP-MS 7E 4= Jm 7 FH 40 3 35 (It R8I £ 4 B R
FE
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Determination of Phosphorus in Copper/Nickel/Cobalt Metal by Triple
Tandem Quadrupole-Inductively Coupled Plasma Mass Spectrometry

SUN Menghe, LIU Chunfeng, FANG D1, SU Chunfeng, DONG Mengjun, CHEN Diangeng

Abstract In the determination of phosphorus content in copper, nickel and cobalt by traditional extraction
spectrophotometry method, there are several problems that cannot be ignored, such as complicated pretreatment
process, long time consumption, and potential threats to environment and health caused by the use of various
harmful organic reagents. By introducing the dynamic reaction cell (DRC) of mass spectrometry and utilizing the
reaction between P and O, in the cell, the oxide ion *P**O" of *P" was detected at m/z=47, thus realizing the
quantitative analysis of phosphorus and effectively solving the key difficult problem of polyatomic ion interference.
In the DRC mode, this process not only improved the detection specificity of the phosphorus ions, but also
significantly enhanced the signal intensity, thus ensuring the accuracy of the analysis results. By optimizing the
operating conditions of the DRC system, the optimal signal-to-noise ratio of *P'°O" was obtained at an O, flow
rate of 0. 9 mL/min. In order to further overcome the possible matrix effect of the copper, nickel and cobalt matrix,
the standard addition method was adopted. The experimental results were highly consistent with the alignment of
the national standard spectrophotometric method. The linear range of the method was 0. 0001 % to 0. 0050%, and
the linear correlation coefficients were all above 0. 999 5. At the same time, the detection limit of phosphorus in
copper, nickel and cobalt was lower than 0. 3 ng/mL. In the actual sample determination, the relative standard
deviation of the method was controlled at 4. 1% —13. 8%, and the recovery was 94. 9% —118%, which met the
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routine requirements of analytical chemistry. The method has good precision and accuracy. Triple tandem

quadrupole-inductively coupled plasma mass spectrometry (ICP-MS) method shows excellent performance in the

determination of phosphorus content in copper, nickel and cobalt samples, providing an efficient and

environmentally friendly new way for the determination of trace elements in metal materials.

Keywords triple tandem quadrupole inductively coupled plasma mass spectrometry (ICP-MS/MS); copper/

nickel/cobalt; DRC

HIGHLIGHTS

1) A new method for the determination of phosphorus in copper/nickel/cobalt was established.

2) The ICP-MS/MS mass shift-double mass selection system was selected for the determination of phosphorus
reaction product ion *'P*O",

3) The standard addition method was combined to eliminate the interference of metal matrix effect.



