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Determination of nickel oxide content in neodymium oxide and its
uncertainty analysis

ZHU Xiao-long
(Ningbo Institute of Measurement and Testing, Ningbo 315048, China)

Abstract: The content of nickel oxide in neodymium oxide was determined by ICP-OES method. The content of
nickel oxide was 0. 002 7%. Various influencing factors in the detection process were analyzed. The reliability of

=12%, k=2). The calculation of re-

lative uncertainty component shows that the relative uncertainty component introduced by standard curve fitting is

the measurement results was expressed by relative expansion uncertainty (U,

rel

the largest, u,,(c,) =5.639%, followed by the relative uncertainty component introduced by the preparation of

rel
standard solution, w,(c,)=0.879%. This paper can provide a reference of the result uncertainty analysis for rele-
vant testing personnel.
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JEPEE TR B AU N, TR A (2020) 408 TR
BE W oK 5 bR e 4 FhoTER B9 N8 2 BE oA I
N, A LA G LA B ¥ AN R s R[]
i Ty g Xk BRI H HEAT T N0 E B I 2 BT AT
(FETEZE, 20205 FEF-4E ) 2021 skEHHESE, 2021 ; X
FFHEEE | 2021 AEHAE ) 2021) , JREESCEE(2012) B
HMFSE T R0 M T B BB G 1 A E B DT AE
718, EZEAERIIWE & Tl E AT EEIF e S
FORMF SN ( MHERAE, 2013) , ASCURG 4
e B A i B AL S ARSI R 91, 1 S TCP-
OES 7E A THH G I AR AT & S5 H, O A1k
e a2 R R AT AR AN e B oy i i, e
B AR AN 2 B, A SRR A ATl )
RIS S %

1 kR

AACEE A E AR LR R, Haig ke T
HME, S5 Em AR E GB/T 12690. 5¢ i+ 4 )8
B FEA A AR + 22 A4 oy B 7 ik 565 S o
Bl R EY B EEEES B LBE L AL B Bk U
FE) RH ICP-OES 0 E AL s i 24 i & i, LA
Al SE AR B A IR R AR T, PAFE AR DT i 72
M TE FEAA T T 2 (9 52 mi) , aURE DR R VA A, 6 il
A I, P Ll A5 B IO IR I OR AT 6 TS
JE B2 AS E A b A AR R B &, T I
TS RE ) R 2 AN A8 B o i, & R AR X
JRAHETE

2 A5k

2.1 AFIFNEE

A HEAK(—Z0K, HH% 18.2 MQ - cm,
25%C) RS (MREEASAK, 4l >99. 999% ) il ik ([
EE ST o 1 (I NN = = W = QA N 5 | I <
99.999% ) FER AR 1 WK (B BF K S B, 1000
mg/L) , {XAA B (H ) BB (FEBR ) |
ME104 H, K (R8I FEH £ ) | ULTIMA2 HLJ8HE
HEBETIRE SRS ( HA HORIBA)
2.2 MEIEEE

HURAR & 55 8 7 R SO TIED &N
1000 W, Z4b i A 0. 90 L/min, %5 7+ ii &
12.4 L/min, "ESHE 0.2 L/min, FESEE

0.28 MPa, HiBh < 0 L/min, JCEE (Ni) 4>
Mrifi i 232. 504 nm,
2.3 if#t

¥ 99. 999% 1 i SE AL EL T 950°C KB 1 h, B
T, BAHERE, FREC10. 000 0 g FE 5,
K52 0.000 1 g, BT 500 mL BEFRHT, M1 50 mL fily
M2 (1+1), MR R4, RHEER, BA
100 mL 2 K AR B 2= 20 B2 JF IR AT, 148 100
mg/ml, [ AL B SRR

KRG T 105CHET 1 h, BT TS
W, B HIE R, SLRIAREL 1. 0 g SAALECEE, A
20.000 1 g, FH 10 mL s8R (1+1) {RIE N E 5 i
sear, WHE, FZKEZRZE 100 ml RS, HlEE
AR Bl R DUARE 5 VS A YRR
2.4 fRERERE S

W AL L R R bR ME VS TR 2 1 70 i B8
A 6100 mL 2 FifH, IR 10 mL iR (1+
1), DKM B2 ZIEEIHRST, Hil13 6 MiArA .,

&1 REREESIR

Table 1 The preparation of standard solution

o/(pg-mL")

PRI ENiaz B
1 10 000 0.00
2 10 000 0.10
3 10 000 0.20
4 10 000 0.50
5 10 000 1.00
6 10 000 1.50

HRUCHERE 6 bR IR, AR A St & — 2 U
5 W [0 568 2 R AR A R R R R R AR AR
AbRE TAERTZE

3 PSR R AN E o i

W 1 g RRIN AU R il BT R VR A T OGS A AT
MRAEFRHE T A2 b ROAE 5 50 B (1) WA W Y
BAEHE (o), A A AR AR A AR 1Y BT R )
B (w) 7 0.002 7%, Mt 45 2R B E BE A 5T
M,

3.1 MEEE

AL HORE AR R AR B Y B B T

A5
w=10"" V/kmx100% (1)
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Kb, w NAEART R (%), o b IH fidmok
FE(pg/mL) , m MR (g), V R E SRR
(mL), k AR5 S5 R 50(0.785 8)
3.2 AHEERIE

AN G AR, A SR A I N E R
0 5 TR O P R G AN T R s v S R T
b AR v AR B AR ANEA G BE AR M 2L S 7 A Y
AEXT AN 3 BE 2 25 ] 7 A I AR R AN A o B RRE R
SIS A R AEDG AN S R R PR S5 AR e B R B
E 51X A 2 BE X 6 AN T .

3.3 MNEEREEENBEXNAHEE u.,(w)

FH HLJERE 5 55 B R i S i AN R A2 D 10
YA R o P A T, SRR B s a5 R
0.002 69% 0. 002 72% . 0. 002 74% . 0. 002 68% .
0.002 73% 0. 002 67% .0. 002 72% .0. 002 71% .
0. 002 70% ,0. 002 69% , “FH{EHM 0. 002 7%, 10 X
W AR R 22 (S) 4 2. 27%1077

SERRIN R A, 7 A AR S 3
Phiz 3 R A B il 4551, n=3, HAf
XFANH A A

w,,(w)=(S/4n)/w=0.485% (2)
3.4 MAERRKREFEEFHENABEE ()
3.4.1  ARUEATE I AN EBE uw,,(cyy)

PR I IR AH T AN 5 2 LB 5 55 B IR
BT TRZE AT Z —, E I 5 25 2R 1
TERRRE . A v VR ) AN A B Fh s ME VS YRR 15
gy, BERAE SR BB AR E S WOIE 45 B bR E
1000 wg/mlL, P RAFEE N U=4 pg /mL,
FHET k=2, W DAHARR A2 R .

u,,(e;)=4/(2x1000) x100%=0.2% (3)
3.4.2  FRUEREAR WL H] AR AT v, (c)y)

i 1 mL B HEAR (V=0.002 mL, k=2)FH
1.0 mL AIFRHEIE I T 100 mL AU HH (V=0. 04
ml, k=2) %, HB4diKERXEZZE, 535 10
we /mL FIBRIEVS IR, HAXT A E R R .

uy(cp)=+/[0.002/(2x1.0) ]*+[0. 04/(2x100) ]°

x100% =0. 102% (4)

3.4.3 bR o AR I R B C A A AR E AN Wt E R
wa(eps)

fdiFH 5 mL BRI (V=0.017 mL, k=2)4%|
FHL1.0.2.0.5.0.10 #1115 mL 4 10 pg /mL AFRHE
WIRT 100 mL (A HEHL(V=0.04 mL, k=2), F

BRI W, MK E R B2, 1580 E N
0.1.0.2.0.5.1.0 Fl 1.5 pg /mL BIRHEA TR, HAH
XF AN 7 BE 53 0
u,,(0.1 wg/mL)={[0.017/(2x1.0) 1*+[ 0. 04/
(2x100) 121 **x100% = 0. 85%
u,,(0.2 pg/mL)= {[0.017/(2x2.0) ]*+[0. 04/
(2x100) 1%} **x100% =0. 43%
u,,(0.5 wg/mL)={[0.017/(2%5.0) 1°+[ 0. 04/
(2x100) ]2} **x100% =0. 17%
u,, (1.0 pwg/mL)= {[2x[0.017/(2x5.0) ]*+[0.04/
(2x100) 1?1 *3x100% = 0. 24%
(1.5 pg/mL)= {[3x[0.017/(2x5.0) ]*+[0.04/
(2x100) ]* 1 “*x100% = 0. 30% (5)
38 3 TH B AT HR XS 6 E B AR KRB Ch 0. 1
pe/mL ARIER I, BOE w(c)5) 9 0.85%,
30404 BRE G WG A AR A 0 AR XS B E BE
u(c))
P YA VR T o 3 R v 5 LA PR R X AN 7 B
Uy (€)= urel(cll )2+ u’rel<clz>2+ urel(cB)z =0.879%  (6)
3.5 IEHEZISHENARERE u,(c,)
P 6 I ZR SR AR UG RE R VR R 3
YA, D E A5 20 AR R OG g o B, 25 sk 2
FIis

x2 HERBTRESHIERE

Table 2 Concentration of standard solution and its spectral

intensity
bR vk JCTEHRIE 1,/ cps
-1 SEYIME/ eps
e/ (pg-ml ) 2% 3K

0.0 10 653.45 10964.38 11 024.27 10 880.70
0.1 32583.72 33469.48 31286.57 32 446.59
0.2 55256.33 53453.62 56334.61 55014.85
0.5 120 346.34 126 522.27 124 315.23 123 727.95
1.0 227 658.24 235 425.46 246 524.83 236 536. 18
1.5 355 324.64 334 253.28 345 268.29 344 948.74

R AE DL E B, Dl Rk A A T
1=223 697.77 ¢+108 92.06, 15| a=108 92.06, b=
223 697.77, R*= 0.999 91 , HibriERRLEN S
A BYFEXS AN BT .

um(02)=SR/bK/l/P+1/n+(c—;)z/éﬁq-;)Z

/ex100% (7)

Se=J[3] 1~ (atbe, 1/ (n-2) (8)
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o, n AR AEITZE O KB, n=6Xx3=18;
1RSSR B 5 ¢, A 6 bR VA TR0 MR B A
PR AR G B R 35 ¢ SRR it S0V Tk
JE(0. 268 pg/mL) ; o A b i 22 1 W0 - 3 v
(0.550 wg/mL) ; S, A TAEMZAIPRIENZ .

O A A AR B A A KRS, S, =
5317.29, u(c,)=5.639%.,

3.6 EERFEMNBENABEE u, (V)

2% JJG196( ' FBE I i 4 K MURE ) (FE45 7
&5 2007) AT, A 9% 100 ml 2550 f R iR iR
2K A=+0.10 mL, fF& = M0, k=6, HAlF
BT R AN E B .

u(V,)=0.10 mL//6 =0. 04 mL (9)

R4 A R E R, R B o A R A
20°C 45 T HEAT Y, T S PR AL IR HRAVE A5 1R (20«
2)C, KRR BCH 2. 1x1074/°C , A= 2R ik
AR LR AV =+(100x2x2. 1x107™*) mL = =0. 042

mL, A, k=3, HATERERN .

u(V,)=0.042 mL//3 =0. 025 mL (10)
JIT LASE 2] 77 HE AR AN 2 5
w, (V)= u( V) +u(V,)*/100=
/0. 04°+0. 0252 /100=0. 047% (11)

3.7 AERERWENAEEE u,,(m)

AT 50 Z — Wl 1 KO- FR A i, FREE
1.0 g, RVPHIREANFERE R 0.2 mg, Zahtk/NT
0.2 mg, WEMNTF k=2, Urld.

w,(m)=+/(0.2/2)>+0.2>/1 000=0.22/1 000

~0.022% (12)
3.8 BREEUMBRERH L IINHNENTHE

}:Eurel(k)

B ARG I - T Bl 58. 693 4(2), S AT
JRF N 15.999 4(3)

w(Ni0)=/u(Ni)*+u(0)*=0.000 36  (13)
w,, (k)= /u,,(Ni)*+u,,(NiO)’
=./(0.000 2/58. 693 4)7+(0.0003 6/74.692 8)>
=5.9x107 (14)

PRk 5B AR A0 E B w,, (k) RIS,
A Z WA
3.9 MEEMEN

LRE UL LA ANHE FE RS2 R 2R 4S5 e A3

LS ) Sy« k5 R AP R X AN R
w(w)=0.485% , HRAEF IR IC hil iz R v B AH R A
FEFE u,(c,)=0.879%, Hrifiith L 400G i AE X5 A 1
FERE u,, (c,)=5.639%, 725 BB A X AN 72 B
w (V)= 0. 047%, BLHEFR I 0 A X A 0 2
w (m)=0.022%, 35 RE & 0 F XN ) B
w,, (k) ZBEARTE,

PRI, S A e AR A B o 5 St A 0 45 2R 1Y
AR A AN 2 R

Uy =n/ Uy (W)2+ Uy (e )+ uwl(cz)z"' urcl(m>2+ urel(V)z =

(0.485%)°+(0.879% ) >+(5.639% ) 2 +(0. 047% )+

V(0.022%)% =5.7% (15)
A HF B2, &R p=95%, Frlliim& WM
X AN

Ure] :kure] = 12% ( 16)

4 #5ie

ARSCR H ICP-OES 6 i 48 1k B 2% it S AL R
e, DL PR DG e vk O AR E AR S =N
0.002 7%, HMEZ5FAFXTY BT EE N (U,
=12%, k=2) . LA B A I o A v 0 5 e A
R, EE 6 DA ANH E B oy i, o DUAR
LRAAE TSI FHXT A0 5 B B R w,, (ey) =
5.639% , HUCHBREAIRBC R T g A BRI XA
WERE D u, (c,)=0.879% , %X AHE FE o
ST, v 0 TR RS I 4503 45 SR AR
W FE AT iR S ARG . R, 7 SEPrigfErh
SC AR 1 0B i R R P i R R o T TR B A
DAREAR T AR M 2t B R 4 i ik, [ B384 sl v
B, IR 2RI AN E B A R
TEPRAIR VR AR TR T VR LA RS /D o o Y VR0 T o1 o %)
B, DA/ N A o 8 Y T o 2o 5 v 7 4 X AN A
JEorE
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