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Evaluation of Uncertainty for Determination of Pd in Aluminum Oxide Catalyst by FAAS

LIN Haishan
(Analysis and Testing Center, Guangzhou Research Institute of Non-ferrous Metals, Guangzhou 510650, China)

Abstract: The uncertainty for determination of Pd in aluminum oxide catalyst by FAAS was evaluated.
The main influential factors of the uncertainty were determined, such as sample weighting, process of
digestion, volume of test solution, standard solution, standard curve fitting. Each partial uncertainty of
measurement was calculated and combined. It was indicated that the main source of uncertainty comes
from the process of digestion and standard curve fitting. The standard uncertainty of 21 g/t and the
extended uncertainty of 42 g/t were obtained, and the measurement result of wpsxU(Pd)=(3028+42) g/t
was given.
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HCl. HNO;. H,0,: BRIES AU, B
VIR i al, FACH 93BT K. 88 A )
HEm.

1.2 LR HE

FREX 0.1000 g &40 A AL s 1AL FRE S T R DU 3R
LIFVEREM S, I 5 mL HCL A1 1 mL H,0,, #£41,
B, MAREHER, B THBEEERSGN, HH1T
T TE R, ORI R R, )15
MPa i [f] 10 min, T 400 W. A Z1 55\ 100 mL
BRI, ERRS . i FRACH 5w HEROG
TR ki B S &

JERF IR S B A s R A 2 25 1. R -2 R
KIG, LUK 247.6 nm, TR 3 mA, R4k
B 0.4 nm, BREZREE 7 mm, LA 0.5
L/min, S i&E 4 L/min.

1.3 HEAR
I bR 2R T AR N B B, B
DAFLH AT
w(pd) =27 M
mx10
A po— 7 T VP 4 0 T R R
pg/mL; V—RrIE R & AR F, mL: m—FE 1)
FRFEE, go
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2.1 AHE B RIRIR
I M 7R R e R EANERE, AT DR RE K
SR T e AR AN SR SRR B .
FE R E AR I NI E 2 @ FESE RS
FEGINBIAHE & Q) @ AT R TIARAH E
i @ bR ARG NI E 5y & © il
GinitE M 2o AR 9 NI E S &
22 AHERESEREN
22.1 FESFREIFE SN E B ()
ERFRBUR A Y SIREM 0.1000 g, IR
/N EN 0.1 mg. % JIG539-1997 (HF4am
FEYRUAE , 2 AR I RSP B K UV iR 22 9+0.1 mg,
F ) S A o EARHEA I 8 BE A
u(m)=0.1//3=0.058 mg )
BREIET, ARPMESERN0.1mg, HK
ST 1R 25 S BT T AN E FE AR 20 03
mitE, .
u(my)= 0.1/4/3=0.058 mg (3)

u(m)=\/m=0.082 mg @)
ure(m)= u(m)/m=0.082% (5)
222 FERLHMRIE RSN FASH R P we(A)

FE i LETH fif I A TR A AE I T 3R 3 A e 42 Bl
s g 1 RT R, VMR T FR IR B E %
JIF1059-1999 B AH 2 e 5% R) 5.8 45
THE . K EBREAFIRE S [HEEE wPd)=170 g/t]
SPATIUSE 6 K, DASME(g/t): 169.5. 168.7. 169.4.
170.7. 168.3. 169.2, TR FRAEFE M BIZE(R) 5 7
H: 99.71% 99.24%. 99.65%. 100.41%. 99.00%-
99.53%, “FII{A R=99.59%.

u(A)= %=o.497% (6)

HH: 5 =Riax ~100%, 5.=100%Rymin
trei(A)= u(4)/R=0.408 (7)
223 ERIEGINPWIAHERE (V)

JE RIS RS W T AR A H 5 B N 100 mL
HEM, B, wR, WIS E B DA
T =5 2k

(1) MPE SSUIAHE . MPE®ZIRHE
RTINS AE bR UE IR E (20°CHIN SRR R E I ik
W2, W =M aAiftith, MPE 53U 2 %5
&, RA¥RET b=1/J6, N:

u(ary=MPE 010 004082 mL ()

J6 Ve
(2) BT FEUHE L. K
PRBEIREAE 20+2°C [ N REHLAZ AL . BRI AR 2
Mo /N FOKRIAR R 5, I, TR B BB 52
Wi AT 2 K K R B 2110 CHEAT PEE,
{EIET 5 AR ARG A 1 =0.6, -
u(V, H=2.1x10x2x0.6=0.0252 mL ~ (9)
(3) FEAN, FRRIIEP AR AT RS 4 —
B, AHE BRI ZE . B SN E IS bR
(22, A5 B ARA I B ) B AN E N -
u(V, $)=0.04 mL (10)
AT RN 2 A -
u(V)=Ju (AV)+u (V. t)+u* (V. s) =0.0624 mL (11)
PR RER AN R L -
usel(V)=u(V)/ V=0.062% (12)
2.2.4 HRAETARER SN BIAE LD R ue(B)
2.2.4.1 FEH BRI A7 IO AE 51N KA E L )
FERL bR VA R S R 5 N A S 2
ML PR, EATIAKATERE.
& )RS (99.99+0.01)%, FZ3 51 43tk
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B, AREIZERE GIN BRI AN E N
1ret(P)=0.01/(~/3 X99.99%)=0.000058  (13)
MR 2.2.1 THH
urcl(m &,mﬂ):l/l(m &,mﬂ)/m #e—=0.00082 (14)
R4E 2.2.3, ue(V100)=0.00062,

U (U AFIETR)= \/ u (P)+u/ (mMI ) +u (V)

=0.00103 (15)
2.2.4.2 BeH bR eV O R 51 NIAN 8 A
FZEL 10.00 mL W AFFEHE T 100 mL &
B, AN 5 mL R, AUKFREZIE, 8. b
FRUEVET 1 mL 5 100 pg.
RYE 2.2.3, THHEAE 10.00 mL FRSFEGIA
FIATREE D& e(V10)=0.00132.
ura (W)= \Ju ) (V, )+ 0, (V) +u, (AR
=0.00179 (16)
2.2.4.3 Behil b ARV FE 5] NN € 5 7
23 MIFEEL 0. 1.00. 2.00. 3.00. 4.00. 5.00 mL
HUAREA (100 pg/mL) T2 10 mL LB 100
mL FEMT, FHKMBEEZE, R, B3R5
Bt TAF VW . L 5.0 pg/mL ARdE TAEIE 951,
KA SRR TR S AT EE B ua(B)
MR 2.2.3, HHEBEL5.00 mL G FE5INH
AFEE DT 1,q(V5)=0.00236.
(AR 5)=Ju* (V,) + 0 (V) +u, (brn)
=0.00303 (17)
Urel(BY=ttre( TAEVE 5)/n=0.0605%  (n=5) (18)
2.2.5 LA B HEFR AE I £ 5N A1 E A &

urcl(p())
AR E 2 7 FE
A=By+B p; (19)
2(p.-p)(4-4)
B= i(p/_;)l (20)
By=A+Bip Q1)
XPRESEATINGE P U, WA E BE u(po) N
s (11 (n-p)
u(ﬂo)*; F"';"‘ﬁ (22)

1 (e, —p)z

j=1

= 3 P=20% po #H4T
n-—2

e JZ[A,—(BﬁB.p,)]

2 KME)s n=15(FFMFRIEWREZBET 3 i, 3%
15 K
Urel(po)= u(po)/po (23)

PR AETE AN [R) B P 20l AT 78 3 IR
FEEES T3 1. LA RHIA Excel THH £,
HERHER, PFMHELIREATE 1.
2.3 SRR HEARTE R

NS T RSO B 20 5 S A a4 7 rh AR
(1 5 NN E B B AR ELMOL R, (R

ra(PAY= b2 ()42, (V) + 12, (D) +12, (p, ) + 12, (B)

100

=0.695% (24)
B AR HEANH 2 FE A -
u(Pd)=u,(Pd) X wpa=0.00695x3021=21 g/t (25)
24 ¥ RAHIEE KRS R
T AN 8 FE A2 tH A AR HEANTA € FE u, 3 LA
WEHET k158 AITRHAKEGEMEN 95%,
HA R A T k=2, Y AN E BN -
U(Pd)=u(Pd) X k=21 X2 g/t= 42 g/t (26)
ASLES Pd AL R

w(Pd)= Lo xV _3:0208x100 3071 41 (27)
mx10°  0.1000x10°
w(Pd)EU(PA)=(3028+42) g/t (k=2) (28)
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Fig.1 The bar graph of uncertainty
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Table 1 Excel calculation for uncertainty of calibration curve fitted by least squares method

BH pj 4 BytBip; [4-(BytBip)]* PP (;») (ArA)p;p)
1.00 0.0602 0.0605 1.07x107 2 4.0000 2.36x10™
1.00 0.0607 0.0605 3.00x10°® 2 4.0000 2.35%10™
1.00 0.0592 0.0605 1.76x10° 2 4.0000 2.38x10™!
2.00 0.1183 0.1194 1.21x10°° -1 1.0000 6.00x107
2.00 0.1204 0.1194 1.00x10°® -1 1.0000 5.79%10°
2.00 0.1218 0.1194 5.76x10°° -1 1.0000 5.65%107
3.00 0.1772 0.1783 1.15x10° 0 0.0000 0.00
3.00 0.1796 0.1783 1.76x10° 0 0.0000 0.00
3.00 0.1788 0.1783 2.77x10° 0 0.0000 0.00
4.00 0.2361 0.2371 1.10x10°® 1 1.0000 5.78x10°
4.00 0.2375 0.2371 1.25%10° 1 1.0000 5.92x10
4.00 0.2353 0.2371 3.41x10° 1 1.0000 5.70x10°
5.00 0.2951 0.2960 8.46x107 2 4.0000 2.34x10™!
5.00 0.2978 0.2960 3.17x10° 2 4.0000 2.39x10™!
5.00 0.2961 0.2960 6.40x107 2 4.0000 2.36x10™!
> 45 2.6741 2.17%x107 30 1.77
4=0.1783 =3 n=15 P=2
B,=0.0589 By=0.00165
A4y=0.1795 £6=3.02084 5z=0.0013
u(pe)=0.0165 Urei(po)= 0.55%
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