28, 11 Vol. 28 ,No. 11 ,pp2665-2670
2008 11 Foectroscopy and Sectral Analyss November , 2008
RoHS
1,2 1+ 1 1
1. , 430074
2. EPA
RoHS )
, ICP-OES( ) Cr, Hg, Pb, Cd
,85% 115% ICP
ICP
Ni, As, Fe Cd ;
(<3%) (I<1lpg-L ', n=5),
ICPOES
RoHS : : : ;
. 0657. 3 A DOI: 10. 3964/ j. issn 1000-0593(2008) 11-2665-06
(1EC 62321) (8l
, RoHS nry 1
, ROHS
11
Pb, Hg, Cd, Cr Optima 5300™ DV ICP-OES(
, , PerkinBlmer , USA) 150
AAS( ) FAAS( 800 nm, Winlab 32 AS93
) GFAAS( ) Anton Paar Multiwave 3000 SOLV (Anton
, (24] ICP-OES( Paar GmbH , Austria Europe) 01mg ,
) 0 45y m  Watman ,
12
(=7 ICP Pb, Hg, Cd, Cr 1000
Optima 5300 ICP-OES Mg- mL™?! ( ) (d=141¢g-
: 2007-08-06 , : 2007-11-06
“ 863" (2006AA04A110) , (10474024) (20065004116-10)
, 1974 e-mail : txuehua @163. com

* email : ypwu @mailhust. edu. cn



2666

28
mL™ ', 69%(m m)), (d=219g- mL™ ', 37% (v , ,
m) , 02L - min?
13 (2) . ICP-OES
05¢g Anton PVC , 2mL HC
10 mL HNOs, , 30 min 170 , 05L- mn?
, 800 W, 20 min, , 18L - mn?t |
10 min 100 mL , AS93 , L2L- mnt
, ICP-OES , 100 r - min’!
5%(@) HNOs 24 h (3)
, 2L - mn?t |
14 ) )
, 20L - min' ',
[6,7] ,15L - min'?t
, ROHS (nm) . Cd (4) 1CP
(214 440, 226. 502, 228 802, 361 051) , Pb(217, 220 353,
261 418, 405 781) , Cr (267. 716, 205 560, 283 563) , Hg , ,
(194 168, 253 652) )
2 3 1 2 kw
(5 : 50 400
21 kPa, )
Optima 5300™ DV ICP-OES ,
, 3 200 kPa
) , : 12
(2) , kW , 15L - min' ', 02L - mn?t,
11k Ph 217.000 333k
@) A
E \ E
§ g
¢ 0
-1113 . -33k
216.960 217.046 283.504
Wavelength/nm Wavelength/nm
130k vl 998 KOO
((‘) m-t‘ms (d) Cd 226.502
il
-n-//f' I. o
/| 2
[ g
f A\
17\ Qe
PIA . A
—_— 127 N\ —_— A
0 _\__.--Jé.ﬁ S e o o e s
. -13k .
194.136 194.212 226.452 226.597
Wavelength/nm Wavelength/nm
Fig 1 The spectra of Pb, Cr, Hgand Cd under the optimal test condition
(a) : Pb peak at the wavelength 217 nm; (b) : Cr peak at the wavelength of 283 563;
(c) : Hg peak at the wavelength of 194. 168 nm; (d) : Cd peak at the wavelength of 226. 502
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1 2 3 4 5
/nm  RSD DL RSD DL RSD DL RSD DL RSD DL
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Pb 220353 1 38 0. 341 N. D. 0. 283 578 0. 236 0 78 0. 004 N. D. 0. 340
Pb 261417 077 0 004 N. D. 0 781 0 55 0 005 0 52 0 451 N. D. 0 007
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Deter mination of Heavy Metalsfor RoHS Compliance by ICP-OES
Spectrometry Coupled with Microwave Extraction System

HUA Li*?, WU Yi-ping"" , AN Bing", LA Xiao-wei*

1. State Key Laboratory of Materia Processng and Die & Mould Technology , Huazhong University of Science & Technology ,
Wuhan 430074, China

2. EPA Center , Department of Electronic Engineering, City Universty of Hong Kong, Hong Kong, China

Abgtract The harm of heavy metals contained in electronic and electrical equipment (EEE) on environment isof high concern by
human. Aiming to handle the great challenge of RoHS compliance, the determinations of trace or ultratrace chromium (Cr) ,
cadmium (Cd) , mercury (Hg) and lead (Pb) by inductively coupled plasma optical emission spectrometry (ICP-OES) was per-
formed in the present paper , wherein, microwave extraction technology was used to prepare the sample solutions. In addition,
the precison, recovery , repeatability and interference issues of this method were al s discussed. The results exhibited that usng
the microwave extraction system to prepare samplesis more quick , losdess, contamination-free in comparison with the conven-
tional extraction methods such as dry ashing, wet-oven extraction etc. By analyzing the recoveries of these four heavy metas
over different working time and wavelengths, the good recovery range between 85 % and 115 % showed that there wasonly tiny
loss or contamination during the process of microwave extraction, sample introduction and ICP detection. Repeatability experi-
ments proved that ICP plasma had a good stability during the working time and the matrix effect was small. Interference was a
problem troublesome for atomic absorption spectrometry (AAS) , however , the techniques of standard additions or inter-element
correction (I1EC) method can effectively eliminated the interferencesof Ni, As, Feetc. with the Cd determination. By employing
the multi-wavelengths and two correction point methods, the issues of background curve doping shift and spectra overlap were
success ully overcome. Besides, for the determinations of trace heavy metal elements, the relative standard deviation (RSD) was
less than 3 % and the detection limits were lessthan 1M g- L™ ' (3, n=5)for samples, standard solutions, and standard addi-
tions, which proved that ICP-OES has a good precison and high reliability. This provided a reliable technique support for elec-
tronic and electrical (EE) industries to comply with RoHS directive.

Keywords RoHS directive; Heavy metal determinations; ICP-OES; Microwave extraction; Inter-element correction method
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