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Uncertainty Evaluation on Measurement Results for the Determination
of Silver in Free-lead Solder in Electric Apparatus and Toys by
Inductively Coupled Plasma-Atomic Emission Spectrometry

CHEN Gui-lin, FENG Guan-ye, KONG Lei, QIAN Feng
(Centre Testing International Corporation, Shenzhen 518101, China)

Abstract: A mathematic model for evaluating the uncertainty of the determination procedure for silver in free-
lead solder in electric apparatus and toys by inductively coupled plasma-atomic emission spectrometry was
established. The uncertainty sources for each of the parameters in the model were analyzed. The total uncertainty
consists of partial uncertainties which came from weighing mass of the sample, calibration solution of silver,
fitting of the calibration curves, volume of the sample solution used, reproducibility of the measurements and
etc. . Each partial uncertainty of the measurement was analyzed and calculated. The combined uncertainty of
0.02% and expanded uncertainty of 0. 04% were obtained.
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BRI A S E TR R SHEIE (ICP - AES) 1
h—REE RPN TFER, QLT ERATHE.
B BRSSP ESROBNS S AR BH
REERGEFEFERNARFRBOLE
68 { ICP - AES &,

B K% WEEE/RoHS 354 B30, X6 F-68
BHEEPESEMI H 2574, B e AL
B R FR ST ARSI OERZ—,
T AR PR & BN TR ERERE R miE
i, A3CLA ICP - AES W 2 4845 P 4R o B, 3o 45
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BRI E 55 R BT AR VERE , 200 I
P e ANEE BOR IR, B E SR A& B A5
SEFETNY R A4 5E BE, % 8L A ICP ~ AES i 48
T E R A BRI,

1 SEREs
1.1 URSEERH

Optima S100DV ¢ JRAR A 55 B F 4K & 5 iYL
(3EPerkinElmer /A &]) ; FA 204N B F X - ( LK
RN . ER(PHS, HE 9.9% ) o

BARHELE S VE W 100 pg/mL( H R A7 HEY &
HRPO) .

HCI.HNO, ¥ hth F i, T B EH K H
Milli - Q&K HLH| & BB 4K .
1.2 LRIk

¥ T4 4845 (Sn 96.5% Ag 3.0% .Cu 0.5% )
B E T 100 mL £5FR R, A 20 mL HCl - HNO,
BARMGERILA4: 1) KENMREZERLHER,
A3 HCI(HC] 57K 1 10) EA Z 200
mL FEH,ICP - AES LMl EHEA P Ag B8, W
BK 220 nm, 3% 1.3 kW, ELSHE 1. 00

L/min'’

2 Bepmn

ICP - AES #; iy 5 38 f 5 13 W 58 2 RV B
FORRIE R 1) 05 VR I 5 B, BT VR - SR TAEfh
Z&, NV 2R b 2 45 00 0 V9 S5 95 B P Xt i
FOVR BE , BRRF B VA VTR FE R S A B Ag
B(UREIB wHRR) .

WELHRBRERT Ag EE () EREE
B,

w = M x107*

A p—#—uu?ﬁﬁi@i* Ag IR B E (mg/L);
V—HE A TH AR S W E FRF (mL) s m—HE R B
() o H,p o {LAR0U75 i ma BL LA A HE R 51
Bl B REERE

3 EEMFEPRE RMEATE LRI

HEAHEENRBERR O FAKFER

B m SRR HEAR T E B, B 15 K P AR HEA B

EEMRVLERERBES ARG ESTHE E;

@ HMBEW T Ag HIREIKE p 5| AKIRERBH

BB QAR Y R AL N LA B EA B
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PR ORI S AR ER R ER ;@ MEE
BHSIAMAHEE: @ FRERNEFERY
SIABBRHER T B , A5 R B HER 5 ARIAR
AN E B AR AL T | A FIARAE AN RE B

4 NN BT E
4.1 HWRRAE m MEEEATEE

B S BR80T B B A 6 S B R IR T R A
EEMRXPEERBRESIANATEE, GE
PABHE . 53 BIZER— KRR & 6 S IR R
HREES, RPREAHBERAZN £0.2 mg,
AT A5 (k =43) P, 0

u(m) =0.2//3 =0.115 mg =0.000115 g

B E m 40,1064 g( R 1) , AR
VREARBIERE R :

”(n’l"’) =0.000115/0. 1064 =0. 00108

#®1 BREANHFENRS TMELR

Table 1 Rcpetitive mensurement results of silver

=}

— #n:/ﬁ! ﬁ&‘lﬁﬁi&fi— 1 BHAR
8 p(Ag)/(mg-L™1) w(Ag)/%

1 0.1090 15.81 2.90

2 0.1087 15.711 2.89

3 0.1091 15.55 2.85

4 0.1022 14.77 2.89

5 0.1034 14.89 2.88

6 0.1062 15.35 2.89

P 0.1064 15.34 2.88

4.2 FEMIEHEP AR R p MEREAREE
4.2.1 RKAEMZYAIRERTEE

AL RIIAR MW, AN 350 < 15 B mat 5 {8
(BRE2), B34 ARFEIAKENE:
1=68092p +5449. 8( A1 Z %Y 1.0000) , K ep 4
#b=68092, &l a= -5449.8,

Xt FRUES TR [=a +bp, KRG E p HBEH

S EREOFREE
AR H p FIABEE u.(p) :

o) = ST+ 2T+ D
A RS (o) = -, e(0) = 22 =

HEEE p VP HERAREFRITE {Eo
N TR LA T BN S B, B IRV o AR
Zu(DR:




2 B RS R TR R ADLIE R E B F RSN RA XA B PRI HEEFE 8%
R X R B LA RS T RA F
D m s - BRI SR RIS | A BB R B
s =

A, I —4 A% W o 1 5 1, —8 M il 4% 9
BE;n—NMESHE(n=5)m—BMIBEESR
JEKE(m=3),

HRER 2 B, REBAS (1) =1/b=1.5x107°,
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Table 2 Calculation of intermediate values

pi Iy Iy I-1y (I;-1)*
378.3 5449.8 5071.5 25720112.3
0 42%.1 5449.8 5025.7 25257660. 5
269.9 5449.8 51719.9 26831364.0
77699.3 73541.8 -4151.5 17284806.3
1.0 76911.4 73541.8 -3369.6 11354204.2
77030.5 73541.8 -3488.7 12171027.7
143754.2 141633.8 -2120.4 4496096.2
20  143684.6  141633.8  -2050.8  4205780.5
143061.4 141633.8 -1421.6 2038041.8
686413.5 686369. 8 -43.7 1909.69
0 686208.8  686369.8 161.0 25921.0
686029.3 686369.8 340.5 115940.3
1369749.4 1367290 -2459.6 6049632.2
20 1364278.0 1367290 3011.8 9070939.2
1366952.2 1367290 337.6 113973.8
=1142.42

m"Z{(Pi _I-’)Z
RIEEM c(a) =—% = -1.5x10"°

3

,[ ;(Pi 'l_’)z
RIFAEB c(b) =25 =-2.2x10"*

B _ER 5B A BRI AR A E BN -
u.(p) =0.068 mg/L
BRBEWR D Ag REWREp WFHEN
15.34 mg/L, BOBEHEMMLR AARRTHRER B E BEN -
u(p)/p =0.068/15.34 =0.0044
4.2.2 PRAETIRBOMIXTPREAR T E BE
PRI VB AR S b R LR . — R A
BMRASTIARARHERE ; 55— RINER R
BRI RS ARIAHE B iR B B T A

u(b) = =196.89

4.2.2.1 HEYRAHEXARERTEE

WRIESFEY FTIE S, 100 mg/L Ag bRyEdE MM
AW EE R 0.8% ,ME AL (k=43) M
PREARTE R

uy(5)/s =0.8%/./3 =0. 0046
4.2.2.2 HERBREERHEESIEHAHERE

4331F3 1.0 mL.2.0 mL.10 mL.20 mL f A &
AHFREHI 100 mg/L bR R Z 100 oL #
AZEBERD, RHIRAFERS R 1.0 mg/L.2.0
mg/L.10.0 mg/L.20.0 mg/Li{) Ag bR AR W, 3%
FEH BB B 28 K HULAR (JIG 196—90) " E
38,1.0 mL.2.0 mL.10 mL.20 mL fJ A & kB
EWBRAKBFEAEZDHNA £0.007 mL, +0.010
mL, +0. 020 mL, +0.030 mL,100 mL ) A XA &
BERXAEARERN £0.10 mL,

PAST 1.0 mL R E B A B, BEE
(k =3) i3t , MR ERBIE N -

u(s,) =0.0070/k =0. 0040 mL, [F/HE L fii vk
BIATEBEITERLE 3,

F3 ALY % A BRI
Table 3 Uncertainty of the different vessels of calibration solutions

AGKHBEE V/ul 100 mL A %
H 1.0 2.0 10 20 AR Vipy/ml
BkfE  0.007 0.010 0.020 0.030 0.10
u(s) 0.0040 0.0058  0.0i15

0.0173 0.058

MR B BUE T R A 06 E B it
HE,BUEB/NT LRI AT,

KARATE BAL B, BL AR A A8
5 RS BAX AR A E BE R -

'41(5) \/le [ Vzo)] [u(Vp)] [u(Vm)]
(s) J[ imo] [omss (10115] [00173]

=0.0051
Hi,

__slz/[uom]?+[u,<s>]f+4[u<vm>]7

fm62+0 00512 +4 018(5)8) =0.007
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4.3 NEREHEOEESEE
FEAREGT, 5 5L 6 &, BE SR
R#E 1L,
Ag IEBBRRKIES RIFHERENR

Y (w-w)?
s; = [EH——— =0.0179%
n-1

Ag IS B FHEERHEE R

u,(w) = s;/Yn =0.0179/./6 =0.00730%

HXARREA T E BER «

u,(w)/w = 0.00730%/2.88% =0.0025
4.4 FENBHEFBRRRENEE
4.4.1 ABBAHER! ™4 FFRAEA T & B

BREHLE HERBAZLEN A RN
200 mL AR . ARBFRMHNEKRERAERN
+0.15 mL, 3 BEE i1, B B HER ™
A AREAR T E R

u, (V) =0.15/k =0.15//3 =0.087 mL
4.4.2 BETATENRESREE

TRKFRETE £3CAER, BEELIIARKR
T 7 B TS L 2 AR ik RBORHATHT R
BARREEIZ AR B A TA R AREK, Bk R
FEBA AT, KOEFEEKRER 2.1 x
107'/C, FEHOR 7= 4 AR BAE b A + (200 x 3 x
2.1x10™*) = £0.127 mL, {EiZBEBREL I
(k=y3) , BB A=A AR B E B «

u,(V) =0.127/k=0.073 mL

FHUBBUE AR A BREARTEE R

u(V) = /ui (V) +u; (V)
- =4/0.0877 +0.0737 =0. 114 mL

5 BRABIER
1 ) = 22

- US4
Bt B A B X AR AN E AR

u(w) =

o 152 ] T (22 <[ 4]

2
=2&;%\ﬁ1m11’+um442+uw72 +omzs2+[°_2(‘§]
=2.88% x0.009 =0.03%

6 ¥ EAHEE

BT HELREEEP, BFERETHE,
R ERAHEE N

U(w) =u/y2 =0.03% /42 =0.022%

B95% BIEHERT k=2, W E Ag T R
AHEEN: Ulw) =2x0.022% =0.04%

T ik

KT TRBE R SRR
3.0% £0.3% i FIIRRI AL SR IA 25
b, TR R B R0 B S 257, 3A
T ekstine= L T sy —szime
BRI ¢ A, A RS,

PREER=2.1< to.oss =2.57, RHEAH
HEEh 5 B30 95% B, W LA
OH R AT TR A BB e o A
SR RITE AT,

LRI 57, RT3 TR I
B F B AT PR R A
R RO LA 0 LA
LB T3 R R

8 BE
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