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Comparison of Two Different Methods for Determining
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Abstract: Rhodium is widely used in automotive catalysts, gas sensors, biomedical, chemical industry and etc. Its purity will directly af-
fect the performance of the product, so accurate determination of the content of impurities in rhodium is of great importance. At present, the
commonly used detection methods are inductively coupled plasma emission spectrometry (ICP-AES) and glow discharge mass spectrometry
(GDMS). The data obtained by the two detection methods are compared with the Six Sigma statistical method, the content of Ir, Ru, Si meas-
ured by GDMS was higher, the content of Al was lower. By correcting the sensitivity factor, the test results of GDMS were improved significantly,
and there was no significant difference between GDMS and ICP-AES.
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T A, RIRRA —FEEFR " HZ
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PO R EEG N s @b TR O R
e, DR AN RE I M 2 5 2 A MRV V2%

T R ICP-AES il GDMS i kG 0 7k 14 52 Bk
AR, eI — BE A5 i 73 1) {6k FH 3 W o 5 32 2k
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1 KIEXtiE

1.1 ICP-AES #ill 5%

BCHIbR AR . B S F B 20 40 =99. 99% 1175
4l 4 Jm WO T A 1 I 2% T R PR IEIC AR TR, WREESY
HJ 1 mg/mL; AR5 ELHNE A PRAER . Pt, Pd, Ir,
Ru, Al, Mg &4, Au, Ag, Sn, Zn, Mn jE4&, Pb,
Cu, Ni, Fe{ 4G, SiHMECH, rATRWEH N
50 pe/mL, T 8 e B B 0/0. 05/0. 1/0.5/1/
5/10 weg/mL FIARHEATR

Ko ACBR . FREC 0. 1000 g £8FriAE, A R PU R
CIETHAERE T, A —E R A AR, FEFF
FE RS IR, PR 2 S R 2RI
FOIRBA, AR AL 3 mL, A 10 mL
FHEEA RS, MRS B, ik
ICP AR FEIF T, I Be i G AR e W, 5 T A il
JCER TAEMZR LM R %0=0.9995, W5 75 DU A
72 IR, TR AT R R 4

ZRBUCR R T 0 ) TR AN

Wy = Wx 100% (1)

K p W TAEME LA AR P ot R
P BTEDREE, we/mL; p, b TAEMI 4 b A& 1Ak
WP A FOCR M BTak E, we/mL; Vil e
A, mL; my iR, g
1.2 GDMS &l 7%

BAFEE R IAFEL 5 g IR B HILE R4k
BEANENIR o B MO HR 5 U S 2% R R T B Ak

MTARRES, ZJE IR, 4ot — & I ] /Y 15
WS Ia , M A B R e o T R ar AR, T
AR AR AR B I S a2 SR 3 U E A R A X
PR 22 <5% I, WCHAP X EAE DI E5 2R
IRBUCR TR 0, AN
RSF(X/Hh) x (I« Ay,)
Iy, + Ay C O

Wix)y =

) SF,, x (I = Ag,)

. 2
Ly, = Ay “n 2

Kb o BEFCE TR, pe/kes RSF o,
FHINIE R A R T SFy Sk HR e 2 Y
IR T 5 SFyJy Rh JT& I S T3 1l e
HIYIRI B R TR, AR (eps) #s [y Rh
TR R, LU ED A (eps) 755 A
FEMCE (2R s Ay, b Rh JG 3 9 TR i 5 424
wp N Rh JER B R H0E R 1.00 x10°, pg/ke.,

2 XWERSSH

2.1 WNER

FIA 1S SRR S IR 25 R AN 1 F15R 2 s

£ ICP-AES [k 25 R b, ND ARFRAS iz 4% ot
JCEx, RCRS®ICTHRHBR, B Pr, AL FilFe 4b, Hax
TR BNEREA ND, BOLRITR &R R,

SGIEUR N7 o TR i D S VAN & /S i Toe= I R )
=2k
1) ICP-AES F1 GDMS ¥ el i & &, & P,
Al, Fe;

2)ICP-AES R Hi (ND) s i H /4 & S AR (KT
2x1077), [ —JCE FH GDMS il i i % = B B & T
ICP-AES fy¥iM 55, 5 Ir, Ru, Si;

3)ICP-AES A Hy (ND ) B¢ /4 & AR (% T
2x107°), [A—JcKH GDMS il i & BRI (KT
2x107°), fI$5 Pd, Mg, Au, Ag, Sn, Mn, Pb, Cu,
Ni, Zn,

FIXPS—2I0R P, Al, Fe, i PRI Jy vk
(R 2385 SR ) - S4B FR b o 22 7T LA B R A7 %60 1, fHE
EE IR Dk B A B S, WA MR
o 36 1) 7 VRN Bl E AT A0 A, LA E R R T vk
BRESERZES; 4058 -2t &E Ir, Ru, Si,
GDMS #5114 45 R 22 W] 4k & T ICP-AES £ iUl (1) 45
SIHTIRR, JF R R R I AT 2GS 5 =20 R
PARP T AR I 4 R e, AN o
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%1 ICP-AES #m 25 % x 107

FEfgms Pt Pd Ir Ru Al Mg Au Ag Sn Zn Mn Pb Cu Ni Fe Si

1 22.3 2.9 ND 15.8 10.7 ND ND ND ND ND ND ND ND ND 18.4 ND
FEdh 2 10.4 16.2 ND 17.3 5.8 ND ND ND ND ND ND 3.8 6.0 ND  10.9 ND
FEdh 3 17.8 5.5 ND 12.6 5.0 ND ND ND ND ND ND 4.0 2.6 ND 11.4 ND
FEdh 4 22.6 12.0 ND 6.0 7.8 ND ND ND ND ND ND ND 3.8 ND 16.6 ND
=R 26.3 ND ND 15.3 8.6 ND ND ND ND ND ND ND ND ND 10.0 ND
FEAL 6 3.1 ND ND 11.1 7.6 ND ND ND ND ND ND ND 7.0 ND 13.0 ND
7 21.9 7.9 ND ND 9.1 ND ND 5.5 ND 11.0 ND ND ND ND 5.8 ND
FEAh 8 29.3 ND ND ND 8.1 ND ND ND ND 6.4 ND ND 4.9 ND  16.1 ND
£im 9 3.7 ND ND ND 8.8 ND ND 9.1 ND 9.0 ND ND 13.3 ND 15.5 ND
A 10 10.1 ND ND ND 7.6 ND ND 3.9 ND 5.3 ND 11.1 2.9 ND 10.2 ND
Fedh 11 8.8 ND ND 16.8 7 ND ND ND ND ND ND ND ND ND 12.3 ND

FeEdh 12 2.5 ND ND ND ND ND ND ND ND ND 20.0 3.2 ND  15. ND

©° v o &
[ee]

0
7 ND ND ND ND ND ND ND 7.7 ND 19.6 ND
0

FEdh 14 5.0 9.1 ND ND 3 ND ND ND ND ND ND ND ND ND  12. ND

e 15 5.4 8.3 ND 15.8 23.1 ND ND ND ND 12.0 ND ND 11.0 ND 24.5 ND

FyE 157 —  —  — 88  — — — — — = = = 140 —
%2 GDMS #mz 2 x 10
FESh dh Pt Pd Ir Ru Al Mg Au Ag Sn Zn Mn Pb Cu Ni Fe Si
RSN 1 8.58 1.20 48.70 13.00 0.80 0.20 0.10 5.90 0.07 0.40 0.10 1.30 4.10 1.00 8.90 37.70
e 2 9.69 7.20 45.80 7.30 2.00 0.40 0.40 5.90 0.07 0.40 0.10 1.00 12.50 2.10 12.70 14.20
=T 1.20 0.50 46.90 46.90 2.40 1.90 0.01 0.60 0.14 0.90 0.20 0.90 850 1.30 18.50 20.10
M4 52,30 4.80 66.70 39.00 2.00 0.70 0.03 5.20 0.20 1.20 0.30 0.70 9.90 3.40 21.40 91.10
FEML S 0.48 0.20 26.30 5.80 1.00 0.50 0.01 0.60 0.10 0.10 0.10 2.70 5.10 0.80 10.50 9.50
L6 11.60 3.90 71.00 31.00 3.00 0.40 0.06 5.20 0.50 0.80 0.20 15.30 5.70 1.50 6.80 28.00
FE 7 35.40 3.00 44.20 8.00 1.20 0.50 0.02 15.50 0.70 0.30 0.10 6.40 6.20 1.50 6.50 8.00
=TI 4.49 3.30 88.70 54.40 1.50 0.50 0.30 3.40 0.30 1.20 0.20 19.40 3.80 1.90 10.80 12.10
M9 14.70 5.50 58.70 29.10 1.30 0.20 0.40 3.10 2.50 0.20 0.20 10.30 2.90 1.10 9.50 17.40
FEAR 10 9.64 2.60 119.00 62.00 0.70 0.40 0.01 7.40 0.05 0.10 3.30 2.10 0.90 5.80 6.60 5.90
FEAH 1D 18.80 3.70 160.00 23.90 2.30 0.90 0.06 1.30 0.10 0.30 0.30 5.10 3.10 3.00 13.90 17.10
AR 12 39.30 9.90 99.40 49.10 3.20 0.60 0.20 2.40 0.03 0.30 0.10 1.40 3.20 1.20 12.60 29.60
13 36.30 9.50 83.30 39.70 0.60 0.60 0.05 0.80 0.02 0.20 0.10 0.90 2.90 1.40 7.30 6. 40
M 14 14.50 6.40 39.00 6.10 2.40 3.90 0.01 3.30 0.30 0.90 0.30 11.90 4.20 1.70 14.30 15.50
FEAH 15 49.50 4.90 99.90 7.10 1.50 0.50 0.02 2.00 0.30 0.50 0.10 4.90 6.40 1.90 8.20 26.00
SEE 20.4 4.4  73.2 28.2 1.7 0.8 0.1 4.2 0.4 0.5 0.4 5.6 5.3 1.9 11.2 22.6
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2.2 FE—RTEERHW
Ph Fe JTZ MBI, PRSI 7 2% i Al 45 SR an 2% 3
FR o
23 @Ak Fe L EA S5 x107°

BEM4E i x(ICP-AES)  y,(GDMS) d, =x, -,
R 1 18.4 8.9 9.5
BEAh 2 10.9 12.7 -1.8
PES 3 1.4 18.5 -7.1
RESh 4 16.6 21.4 -4.8
RS S 10.0 10.5 -0.5

il 6 13.0 6.8 6.2
R 7 5.8 6.5 -0.7
PES 8 16. 1 10. 8 5.3
FEah 9 15.5 9.5 6.0
BESH 10 10.2 6.6 3.6
RS 11 12.3 13.9 -1.6
BEfh 12 15.0 12.6 2.4
REg 13 19.6 7.3 12.3
RES 14 12.0 14.3 -2.3
BEAE 15 24.5 8.2 16.3
FHIE x =14.0867 y =11.2333  d =2.8533
Rl s, =4.6076 s =4.4246 5, = 6.5008

BT R A AT IE AR S, fd ] minitab
BAFR A ZE R mE 1, K2 Fis, x IESKRE P
fH70.695, y, IEAK T P{EN0.186, H KT
0.05, FHUIKMME YT EGIES M, AT LT R
K5 o

99 " |Mean 14,09
StDev 4608
N 1

AD 0.250
P-Valuc 0.695

5 10 15 20 25
[l 1 ICP-AES WISE 9 Fe 45t X, [0IEAPER 14

FHT T8 L A X G2 [ — A it SR P AS T G 38 7 32

99 " Mean 1123
- StDev 4.425
N 15

AD 0.491
P-Value0.186

/2 GDMS JER) Fe £k Y, 1 IES PER KA

PSS, FE S )RR I 45 SR AR 22 AR K, R 2N 2
AR 2E 5 R Y, B U R 1) 45 SR AN 5 R 56 vk
AR, EHZFESTW Fe SA K, FICAREM S
PR A (B A IS, N P X Bt A g, T
[] — A (R A i 25 SR 22 2%, AR L 25 (E 1 2 1 2
R0 13 as e, A2 EMIE R O WIUE B B Fh 75 7k
I 25 T B 2 1 25 5, A MEAR g O ULk B i e
T I 45 R W 25

Bd, =x -y, (1 =1,2,+,n), AJDMHEHFEME
o B AT IE A BRI REA 1) A A

D=X-Y~N —p,01 +035) = Nu,o”)(3)
A NERIESDMG; pw B FE; o bRiEE.

UKL 36 gy 0y A2 75 A S 1 ) SRR G A M R 30 A
ik :

Hyo w=0, H: px0, JEHRNIESSESE RS
H 0 BRI S, BT o RN, BRI Ll A o
Rk, KERgIHRLN

d
) 3(1/«/g
e o AR e KK s d TRV S 4 SR 2 (A
B S, Ry wiFp I vk e 45 R 2 AR 2 n RE S
T

MR AR n o 15 B, I AR ATHIFE o = 0.05
Bt A8 38k

(1l =t ,(n=1)1 ={ 111 =2.145}  (5)

Kb o R BEKF-

A n =15,d = 2.8533,s, = 6.5008, A k15
_d __2.8533 .00

s,Aln 6.5008//15

FEARRIEAEFR A IR P, Fr LA AT LAIA Sk 6 ks )
TEME ) Fe fr A B 2R

{f F minitab F{, X F 22 EH AT A AR S E 2 A

t

(4)
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One-Sample T: D=Xi-Yi

Test of H =0 vs ¥ 0

Variable N Mean StDev SE Mean 95% CI T E
D=Xi-¥i 15 2.85 .50 1.68 (-0.76, 6.45) 1.70 0.111

K3 A minitab $PEBEAT I (EAG 30 19 25

ER PAE 0. 111, RTFHEMN « = 0.05,
BICIEAE 2 BB, PRI RIRE A S5IE  PIRR G 36 U5 i
MER Fe HiETEEZR

[Fi Aol {0 B0 6 149 5 3 X T o G 36 vk A 114
PeAL AL &5 BEAT 20 M, A5 ) P (E 235 0 0. 440 A
0.000, FHPIMKLE 7 kA5 P& o % 22 5%,
Al i B ¥ 225, ICP-AES Jiipy Al & B & T
GDMS,

2.3 RESHMBEE

oL Er Ml RLAG i, GDMS il i 9 Ir, Ru, Si
H W] R T ICP-AES I 94528, GDMS i i i Al
W RART ICP-AES U H 2528, N GDMS 45
JECER AP i R A0

M GDMS ZR ot 3R it R A b al DUA L, AR
RABPE N T RSF () B WAL IS5 R, 9150000
REHEMK R ) RBUZEZ L, BLRu N0, Hl el
Ru B3 (99.95% ) 1 g J # FE X Ru 19 23 S8 X 1 9
IRCIE e, F A Rh A 5 Ru & & 45 R 3k 4
B

4 REIHERTE RusZTahmsgR x107°

FESE i x(ICP-AES)  y,(GDMS) d, =x, -y,
B 15.3 18.2 -2.9
BEG 2 13.2 11.7 1.5
BE 3 11.5 13.6 -2.1
B4 19.6 15. 4 4.2
BN S 14.0 15. 1 -1.1
PEH 6 16. 1 16. 8 -0.7
BT 12.3 16. 4 -4.1
BEG 8 16.1 17.8 -1.7
9 14.3 13.5 0.8
B 10 14.2 16.5 -2.3
T x = 14.66 y =15.50 d =-0.84
brifE2E s, =2.2955 s, = 2.0629 s, = 2.4263

A L3 B 4B B A 36 75 35 A minitab BRPF, A3
10 AN ol TP R ARG 38 5325 00 ) A9 45 2R IE S PR B Y P
{359 0. 540 F10. 688, RKUIPIFFAIES AT, HUXS
B A0 25 (A R B P EA 0. 302, R B il
Rrge kI A5 R T0 R 3 25 5, M 20d RAUE
TALIEJG GDMS [ AG 45 5 3 5 S e [ AR XS I,
Si, Al (R ME N7 #ATHIE )G, GDMS P75 [ Ir Al
Si ffy & BEFEARE 10 LU, 5 ICP-AES W15 (i 45
ND %0 ; PIRH DT i D04 A9 AL 35 5 00 o 2 B0 K 3
I minitab ZCPFAE AR E X AR A 96 25 1 DA 2 1) B A
K P A 0.425, KW R J7 00 A9 45 51 J0 0
25t o

3 g

Ay 9% A ICP-AES 1 GDMS 1 Fh J7 v 46 36 155 4l
Bk s e oo, K+ 2R TR f ki
SRR, WAoot R RN R A B E E R
GDMS i 4 /% Tr, Ru, Si & &Mk s, Al & & K.
W TR IE R R T, GDMS [ 46 I 25 S A5 B I ok
#, 5 ICP-AES W 45 SR IC W B 22 5% o #E S B A
HH, XS A8 RN B AR 7 R R LR AR A, AT
PLSE 3% TCP Al HiAvik GDMS A6 il DA R AR AR
B X S A 7 0T T AT B LR % ICP A
R AR S B 15 0 285 5 (i PR O o 0 7 3, 3k 81 e 1R
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