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Evaluation of Uncertainty in Determination of Copper

in Beryllium by Atomic Absorption Spectroscopy
WANG Jiali, BAI Yingli, SUN Hongtao
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Ningxia Co. , Ltd., Shizuishan 753000, China)

Abstract: The content of copper element in beryllium is measured by atomic absorption spectroscopy, the main sources that
affect the uncertainty of measurement are analyzed, by establishing a mathematical model of each component in the measure-
ment process. Uncertainty components including the sample weighing, dissolution, extraction, preparation of standard solu-
tion, work curve fitting and sample repeat determination are analyzed, the expanded uncertainty is got. The results show that
the sample repeat determination and work curve are the main factors affecting the uncertainty of the method, which provides a
theoretical basis for the determination quality control of copper content in beryllium by atomic absorption spectroscopy method.
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FRUERW: 1000 pe/mL, HEFIRMERT; MR, %E N
1.19 g/em’; ZUK, %EN0.80 g/em’; LBENHEN, #E
H0.973 g/em’ s ZEHLE, BEN 1.474 g/em’; L HiN
PRI, WA 10 o/L; ARSI, WREEHN 20 ¢/L, K
B EERECER, B ROPAKRT 5 mmx5 mm,
2.2 SWHE
2.2.1 H&maE

YERRFREL 1. 000 g FRHE T 250 mL Bedrdr, FzkiE
MR, m DRI, 2208 A 18 mL bR, FffIZ1
RNAFIEG, IR E2EE, Wi, A 100 mL 25 &
i, MRS RIRZIEE, A, 4rEL25.00 mL BT
200 mL BEARH, FIIA S mL #PEE R 10 o/L B9 2 DU 4
BRI, INIGE D 3 min, &H, BIHBFEA 100 mL 47
ZIRE AR S, AR, A RARLZ) 40 mL,
BIA 10 mL ZEENER, #7730 s, FHZUKIMAT R pH (4
H2~5, A 10 mL =S H BRI 1 min, HMEEHFEH
BUAH, T4 KAHFE 10 mL =48 4E2E0 1 min, 7F 56
HUAH, KB A 50 mL &I, A 1 mL HKEN
20 o/L WEALES AR . 0.5 mL 2h2, MBEABMZ

B, WA RO TE D KR 324. 8 nm, LU
ZARIEZ S, W B PO, I TAE M2 b
Xt IO TR

2.2.2 IAEWZmA

B ol 75 WCBC B B8 B 10.00 mL 4R BR ME RO
(1000 pg/mL) T 100 mL Z5 i, ke 2 245 s 20 B,
RAT, WHIRRHER IR N 100 we/mL, FH 2 mL B34S
SR EL 0, 0.20, 0.40, 1.00, 2.00 mL 4 % 7 W
(100 pg/mL) T 100 mL 25T, BIA 1 mL ¥R 20 ¢/L
AL . 0.5 mL bR, FilkEss, A, HET
R MAT Y SO o 0 W Y R DA R 3 Ry i AR A, R O TR
HEEE R PARFR, A TAEMZ,

FH T W ST e S0 e 25 5 068 v 190 AR5 00 YRR 1 WO
B, FETAEM S har A p vk i, MR 3 vk, A5 v
FERF-H41A .

2.2.3 BBIWEH

FH WSO 338 325 000 2t TV WG B B, SR

HOENERE LD

® 1 EFRECEEENERSEBRMESEE

Table 1 Instrument conditions for determination of copper by atomic absorption spectrometry

Wavelength Background Measuring Spectral Lamp Gas flow Burner ¥l .
me S
/nm correction time/s passband/nm current/ % /(L/min) height/mm ame ype
324.8 D, 4.0 0.2 75 1.1 7.0 Air-C,H,
o e A 0.1 mg
3 AHEETERE u(m)= =0.058 mg
3.1 #HPEESETENHFRER u(m) _0.058 ME_ s e10”

T A B B BCA RN
exVxV,x10°

We, = W x 100%
Hory we, —HITCR M TR, %

c—MEHEWTARITRE NIRE, ne/mL;

V—I AR, mL;

V,—iEHA B E AT, mL;

V,—or BOARHA R, mL;

my—iEH T i, g5
3.2 AHTEENEMITE

Xof L e o ] ) o R R A R B AR A A3 T
ST, I AN R R TR AR WA AR, A
B, ARUERURECH] . TAEMGBEIA | (R A A
3.2.1 BEAFHRBINANGRHZE ul(m)

RHEUEF AR LR iR 22 +0. | mg, 52560
fH] 0.1 mg, FIEBIMMIGI G, W,

()= BRI 1000 mg
3.2.2 BApEAR PR EARARIIAGR AL u(V)
AR CH P 1t 25 46 FLFE ) JJG196-2006, W] %
100 mL 2 A AR VIR 22 /0. 10 mL, 1945 B R
0.10 mL, % EFIRMIIEI 40, W,
0.10 mL

u(V)= =0.058 mL

u(V) 0.058 mL
100 mL.~ 100 mL

3.2.3 FREALININGRAHZE u(A)

Ak O Bk 38 AR MURE ) JJG196 - 2006, X
25 mL BE 1 50 mL A EIRAY FVFR 225 T 2, BK
SERGAE(20+3) CHEFT, PR AARIR TR ik 2 B0 KT 3¢
BEASIL, DNt O PR AR B ik R Bk, UK R ik &R 8K
2. 1x107/°C . AT 2 P Fp 25 B2 L5 1A MR 7 B
W2,

u (V)= =5.8x107"
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Table 2 Uncertainty introduced by two capacity appliances in extraction process

. Appliances
tem
25 mL pipette 50 mL volumetric flask
Class A allowable error +0. 030 mL +0. 050 mL
K value( Uniform distribution ) J3 J3
Volume standard uncertainty 0.030/4/3=0.017 mL 0.050/+/3 =0. 028 mL
ard uncertainty ¢ 25x2. 1x107*x3 50x2. 1x107*x3
Standard u.n(er[almy caused. by ' =0. 0091 mL —0.018 mL
temperature difference from calibration J3 J3
) ) / 2 2 / 2 2
Relative uncertainty 0.0177+0. 0091 -7 71074 0.028+0.018 =6, 610~
25 50
AT TG AR RERS AN 5 BE R (er) Zpgmb 10
u c D
TP 1000 we/mlL

u,,(A)= +/0.00077*>+0. 00066> =1.0x 10"
3.2.4 AREIFEREHR NG TRAEE u(c,)

(1) bRAEGS IR B AN 2 JE A3 18 u( ey )

A BRIV A bR HE BOIE S, AR RIS W VR EE
1000 wg/mL, HA G RARHHEE N 4 pg/mL, 4 HEA
WEEETEF =2, .

u(ey), =2 pg/mL

(2) FRHER A — YRR RS A R E w(cy),

LU 1000 e/ ml (08 ERIEANE, B AACIE Jy
100 pg/mL AISAFRIERHE, R A 9% 10 mL FERZERS W
BN A 22100 mIL ARSI — MR . A (R 3
TR E HLARY JIG196 2006, ) I 1L 5 A [] 5 | 2 i
R 3. 2.3, FFELASE MR AR A R
B, W3,

F3 HERRE-XHBEIRTAMBRERASINNTHEE
Table 3 Uncertainty introduced by two capacity appliances in the first dilution of standard solution

Appliances
Item
10 mL pipette 100 mL volumetric flask
Class A allowable error +0. 020 mL +0. 10 mL
K value( Uniform distribution ) J3 J3
Volume standard uncertainty 0.020/+/3 =0.012 mL 0. 10/4/3 =0. 058 mL
Stand: ertainty caus 10x2. 1x107*x3 100x2. 1x107*x3
Standard L'ln(,erldlnty Ldub(jd' by . x2.1x x —0. 0036 mL x2.1x x —0.036 mL
temperature difference from calibration J3 J3
. . Vi 2 2 / 2 2
Relative uncertainty /0.0127+0. 0036 =1.3%x107° _v0.0587+0. 036" =6.8x107*
10 100
PRI TSR — U B A2 5 | AR AR A B 5 N u,,(¢y),= +/0.0034°+0. 00068 =3. 510"
u,(cy),=+/0.0013"+0. 00068" = 1. 5x10° B R A T e R LN AR AN A
(3) PRIV — RS AR E B u(ey) , - 2 2
()= /g (ey) Fug(ey )+, (ey) s

PR EE A 100 pg/mL (45 bR VW B 0, 0.2,
0.4, 1, 2 pg/mL B RIIBRIEET, R A2 mL B
T A 96100 mL FERISENEE UM RE, BHRCHMRE 325 TAFBEEAMEGTARELF u(c)

= /0. 0022+0. 0015°+0. 0035 =4. 3x10™°

gt ARG L) JJG 196—2006 , W) ki 3 BE AR [ 5 2 1 TAR AR B SARBLOERE LA 5, BT AR i Ze el
RHERE 3. 2.3, HAMRBFARESA AN ATE TR A=atbe, BIEMFHMZAS b K 0.204, #
B L4, P a J90.0042, AHCZREr=0.9998, R HE SR R WOG B

BRI — R R S | AR B A AT O YA PATIE , 2RI 6
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Table 4 Uncertainty introduced by two capacity appliances in the second dilution of standard solution

Appliances

Ttem

2 mL pipette

100 mL volumetric flask

Class A allowable error
K value( Uniform distribution )

Volume standard uncertainty

Standard uncertainty

caused by temperature difference

G

from calibration

/0. 0069%+0. 000732

Relative uncertainty

+0.012 mL

0.012/4/3 =0. 0069 mL

2%2. 1x1074x3

+0. 10 mL
3
0.10/4/3'=0.058 mL

100x2. 1x107#x3

2

=0.00073 mL =0.036 mL
5
/0. 0582+0. 036°
=3.4x107° w:&&(lo%
100

F5 TIERERERERMIEE
Table 5 Solution concentration and relative absorbance

C standard soluti
opper standard sofution Absorbancy(A) Fitting curve

concentration/ ( g /mL)

0 0. 0025

0.2 0.0452
0.4 0. 0866 A=0.204c+0. 0042

0.2101

2 0.4115

N TAEM & A ST R o 0902 E 0 &
u(e) M.

s 1 1 (0_07)2
u(c)ZfR — +t— + 2

b P n g _
Z (cy _03)2

i=1

n

2[4 = (a+be,) ]

i=1

Cp

0
2 Cpi
_ i=1

n

Horp, s, M TAEMLA S bR E2ZE, 1545 0.00077; P
SRR ARG 5 5 YR T VS (TRl — A it A ST D 9 IR
AFEREINIR 3 K, W P=9x3=27); n A TAEMZR
FEWETA TR B ( TAERRER A 5 MRS, ARSI 3
W, M n=5x3=15); c MR HEFEHE, it
BA% 0. 156 pg/mL; ¢, oA TAE M2k 25 BE S0k B2 19 - 3
H; cy NWTAERRERSIHE S B, T1A5 TAE AR
SPEGERWREE ¢ BATHE A u(c)=0.0018 pg/mL, AH
X AN R BE A
0.0018 wg/mL
0.156 wg/mL
3.2.6 MEEFLHRARHZELE uls,)

X E— AT 9 e EE M E (AR N=9),

=0.012

u(c)=

S N
: n-2 MEL R 7,
*6 HRARNBAEEENELER
Table 6 Repeated absorbancy measurements of sample solution
No. 1 2 3 4 5 6 7 8 9

Absorbancy 0. 0355 0. 0357 0. 0362 0. 0360 0. 0363 0. 0358 0. 0354 0. 0365 0. 0364

RT ERBRFPRENEENELER

Table 7 Repeated copper concentration measurements of sample solution
No. 1 2 3 4 5 6 7 8 9 ¢

Concentration/ (g /mL) 0. 153 0.154 0.157 0. 156 0. 157 0. 155 0.153 0. 158 0.158 0. 156

AL I AR AN R B

s(

u(s,) = W =22x10"

IS FH DU IR 24 A el e A o 220

1 S U R AR O AN o A
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u(s,) =

3.3 HHASEMNENEHAHEE

Uerel (Wcu )= uil (m) +ufel( V) +ufel (A) +u’§e1 (cp) +ui1 (¢) +u’12'el (s.)

=1/0.000058+0. 00058 +0. 001°+0. 0043”+0. 012°+0. 0014’
=0.013

MR 3.1 Bea iy, 153

we, =0.0031%

W u (we,)= 0.0031%x0. 013 =0. 000040%

3.4 YRAWEE

BOUEHET k=2, fEENELRNY RAHE
B

U=0. 000040%x2 = 0. 000080%
3.5 HHASENEEREAHEERE

PP SEMEZE RN 0.0031%, & 25 F 1Y A
TE R R

we, = (0.0031£0. 00008) % , k=2

4 AHEEFEEMNSTH

W PERE AT LA, AR 2R A0S A o A
XTAE R E R iR, R R | VA A IO
ZER A BE SR LU, JLT T LA Z S K,
A A R D/ B R 5 R N R E
WAURENE TR E T R ) A AR th ey Al e, ™
Rt e Ao i Y FR S PR

5 & i

30 3 6T DB A ALY 3 9 M A P A e P S A
BRI o e AT o0, A5 3] T S I R A5 R Y R A
Wi BE R U= 0. 000040% x2 =~ 0. 000080% , F 24554 v
A O A R S B RS R we, = (10,0031 =
0.00008) %, k=2,

SHIEUNEROR- YN i w NI NI = A s
AWEEW BT Z AR R AR . TG A
BES I PRI R, X T A v VA R A T A
RO AN A B o, T3 o B MR A VR YR
P, SRR I TR A A e B e, BET TAE 2Rl
o A A TR FEE 07 T A o e e B8 VU PRl ) b s B, AR
T 5 ot A R I R TR Y 8 1 v R R SRk T

ARG 7 A B AN G 2, o) Ao o T 52 P o AN A 32
oydE, Al R R, PRI AR A e R A as 1T
UK s T PR VR MU A, A P AR S AN i JEE 1) 2
Wi, 4R e A I 235 R ) T S R A 1
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