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FEE . LIENRI A B (PCB) 5 42 J8 & B vE R 204 o H Y
IFFE T A ot 5 L T A 005 B s o T A R0 25 I R & B T
FPRICHCER R 5 A5 X PCB R 5 04 Tl 11 i 191 b 30—
P JRGRI B 450 B TR R G A (ICP-OES) 43 M A6 i 45 A #F
FEIEE PCB & & K B & W As, Mn, Cr, Ni, Zn, Pb, Cu
7 fh 4 BAroc R LR HNO; , H O, , HF(AF H
R 722D TR AT TH AR B AR 00k L B AR B AR
FRAE N, AT 25 SR v B, BRI Z T B AR R
75 PCB 74T S5 R R AR T B BT R &’ .
SR H A Cu A1 Pb Y 5 & 4 5003 R ik 27, 1~441. 0,
0.2~29.0 g+ kg .
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Abstract: A method based on the coupling of microwave
digestion and inductively coupled plasma-optical emission
spectroscopy determination was developed for heavy metals in
printed circuit board (PCB). Detailed optimizations of sample
preparation, digestion temperature setup and digestion
regents usage were enabled to obtain the maximum extraction
efficiency of metals from PCB samples. The recommended
multi-reagent microwave digestion technology, in which the
volumes of HNO;-H,O,-HF were 7 ml, 2 ml and 4 ml
respectively. could decompose PCB matrix efficiently and

dissolve heavy metals into solvent very well. By using the
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optimized method, the analysis results of practical PCB
samples were accurate and reproducible. And the results show
that the contents of heavy metals in different PCB samples are
quite discrepant and the amounts of Cu and Pb are even up to

27.1~441 g+ kg ' and 0.2~29 g+ kg™ .

Key words: printed circuit board; microwave digestion;

sample pretreatment; heavy metals analysis
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FIAL BRSO, ARBFFE LA PCB S s2se vt 4, vk PCB
BONE L ER BRI As,Mn, Cr,Ni, Zn, Pb,

) RS TR TR BT T [ N R E S 2 5 AR S A R . E-mail: chenhow(@tongji. edu. en



1848 79k 2 % O K B D

10%

Cuix 7 M Jm iy HERITER 8 OB il 45 Tl
BCIF A0 5 53 BT B 10 6] 42 J JT 3R 4 USSR Y 52 0l 1 )
G PCB A S 1y FAb BB R, 68 s H R Iy 1, 1
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FOTER 1Y HL I & 45 B AR KRG % (inductively
coupled plasma-optical emission spectrometer, ICP-
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JINERPRLRE BY R o 22 35 K DR B AR B AL P 7 20
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SRS HTRG B R R
2.2 HBTHBREFHIERE

T Y T AR A R T AR T R
SARURE it HP v A R FR T T FH A A S TR
JE 7, PR i 2o A 2 255 SRR R AR . i R
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Tab.1 Comparison of extraction efficiencies of different

digestion programs

Zé)q?r;)ﬁf As Mn Cr Ni  Zn Pb Cu
25 0.8 0.79 0.91 1.16 1.01 0.98 0.85
30 108 102 0,95 1.13 107 1.17 1.02
35 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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THARCR IR A K. LR T g B 7E 200 °C
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2 89 T R AR 5 VR A T AR O b 2 B
AR AR ) PCB R il A5 21 A9 2% 4 J8 JT R 19
A EOLIE 1, 18] 1a~ 1 2051 2 on AR 4 & 1E 7
i AR 26 A T B 15 B0 B 1d 7R 7 i i
Jridas R 7 R < JiE ) BE B i 0 O LR 4%
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Tab. 2  Digestion reagent and contents for different
methods
Jrik TRAR P Al i
HNO; H; O, HBF, HF HCLO, /i
1 7 1 2 23
2 7 2 2 92~3
3 7 3 2 23
4 7 2 3 23
6 7 2 4 23
7 7 2 5 23
35
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Fig.1 The effect of different digestion methods on the results

7 RO IE A DR AN KR B 5 IR R
SRR TH LI I B B B T AR W i AR M
FRAC X BRI A T I » DR I ik B8 K AN 5 i B
B gk B A E AR A T PP NI 1 AT RUA %
PCB R b v AN [R] 46 Jas 79 o o0 22 S AR OR L e

As»Mn, Cr 1 5 3 O A% 107 Cu Rk 100 g -
kg 'L b SRR ECE: 2 L A9 25 S L 45 R 20 BT R
T—EMEE. BT LA PCB &8 & R ir:
st » BEOME BT B 7 v R TERA M. 25 B E) PCB A
2R G TR T E I R IR R W T YR MER TR A9 B 32
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B ZE L K 4 8 TT 2 3R BUSCRAE N ik #
(B BEVEAN AR, R — AR T R o DLzl
TR e I i BON S IR E TR R & 0 A5 B0 4
JEICE AR BUSOR S5 WL 3. 7 Fh O I T R OR
LSRR, ik 3R As Fef s ik 1 rfs Cr
B fHXF Ni, Zn, Ph, Cu Y HE U R AT A% 5 J7732 2
W Zn B ik 6 THR TS ) Mn, Ni, Pb Al Cu i
Z . Zn A BORUOT 2 2 R L IR BT A T A &2 )R
SBE U . LA ORE S E R HNO, . H, O, L
K HF §fi AT LLAT 3585 Bl PCB FE & 89 43 . 5 1k
6 B HNO; . H, O, , HF fRFEL R 7:2:4 XF &P 4
JEHBA i A FR USSR, B A 7 S PCB FE i 114 i
AT ik
%3 AENMAE PCB hESETRRIGIELLE

Tab.3 Comparison of extraction efficiencies of different

AT o A R R SRR A 7 AL A 22 3 AT
AL P A 53 R TR N BORS R EOR. (H
T DU EIRE AR ST RS i (14 S B o B 45
FHEE o PR B AR 23T A 8 LTS A A P B A AR
LA HLIE AR 6 Jm T RAE T JE L 22 S BOR . & &
JE TR AL B B WL A S0 A [N B AR 22
e R 52 DU 7335 Ja A AT BURE B dn A5 A ml BEAS
355 TS B0 T B3 U R M4 R B S B
g BUAEL. 2% P8 Ft B AR R SR VK » A ST B it 1 A 2o
R P LU P RO (B E AT 1 BB 5 . R A
BRBEE T AU P AT AR AE 5 (7] A 8] 5 25
B AR il A DAy o 2 e AT AL UK ) )P AT AR 7 L LA
PRAE S BT 45 R 5 R n] 5.

x4 FREERNITER

Tab.4 The results of the control samples

methods JLHE it /8 (mg + kg™ AR ARAER 22/ %

T As Mn Cr Ni Zn Pb Cu As 44,543, 2 7.21

1 0.70  0.47 1.00  0.46 0.65 0.47 0. 64 Mn 7.4241.58 14. 60

2 0.76 0.43 0.85 0.58 1.00 0.53 0. 67 Cr 108.0£6. 1 5. 67

3 0.71 0.83 0.77 0.65 0.73 0.32 0.72 Ni 52.743.3 6. 30

4 1. 00 0.8 0.69 0.58 0.84 0.54 0.9 Zn 142.043.2 2.27

5 0.74 0.35 0.66 0.81 0.83 0.64 0. 94 Pb 1. 23X10'£2. 04X 10° 16. 50

6 0.76 1.00 0.68 1.00 0.92 1. 00 1. 00 Cu 1. 26 X10°=%1. 89 X 10* 15. 00

7 1. 00 0.4 0.85 0.53 0.71 0.52 0. 69

U HE TR A L 2 R LKA T R AR MR B R (3
Y 45 7 AR 4 4 2 BRI,
2.4 FHiEBEEE

R ELHREAFAL IR CT5 vk 6) 43 M J vk B NG %
PIORAIE 9 B 45 SR %) 1 S 5 e A 800 i — R WL
PEARAE AL HEAT I ARG W B AL, 3R 4 R BRI &
if 7RG T AR ST A R

AR 4 A UL, 440 5 o S A SR 0 T I A
U5 Zn F1 Cr (A X BR 1 O 25 (RSD) {15 il 78 6 %6
A As F1 Ni ) RSD {E#5 #1178 10% LA, Mn, Pb
H1 Cu AHXTHE R (H AL AE T2 32 E . Pl T R B R
it 23T ET TR AT A, 2 B 3 B 5 0 5 AR HE
JE)CH] /T 166—2004) XF 73 B 45 S o i/F i 22 1 2K

2.5 FHikRMA

SRAE 8 T AN [R] HHL 2 119 HL 66 AR R R TR B 23
L EALAIL | FR R T AL S R S B LA o i A
R P H A A A P S R R B R 3R Y. A AR
Je R 7 0T v B AR v B 4 T A B A T 5 SR L
22 5. (2 5 ] WL, AS[R] L B A 4 ) I i 3 4
Z# K Hodr Niy, Ph, Cr 1 Cu 822 5 0] 43 51 5 34
294,124, 47 F1 16 A5, AS[A] H AR ) 152 1 B il VR 2SR
AN o B A R A RAN ] » 4 J8 O R 1) 5 1 40 B
SRR AR LA Cu A Pb A 5 8 43 450H
M AT B A DN s Cr AT As 353 777 T L
AR P S RS S o BB AR N TE T IR L (E
B WA HEA T FRAL 8 DS X AR A PR B s i S

x5 AEAEEEFAREEETENRENH
Tab.5 The amounts of typical heavy metals in different PCB samples (mg * kg™ !)

FE 2T As Mn Cr Ni Zn Pb Cu

250 1 17.50 6. 32 98. 70 36. 20 27. 30 2. 96X 104 6. 91104
2598 2 30. 80 6.98 89. 60 61.50 57. 40 1. 64104 2. 71X 10*
259 3 17. 30 — 35. 40 18. 60 22. 90 1.20X10° 3. 74X 10
FLALAL 1 35. 30 16. 40 174. 00 367. 30 202. 00 1. 77X 104 4. 62X 10
FLALAIL 2 24. 60 2.79 36. 40 56. 60 104. 0 7.50X 103 1.61X10°
HLALAL 3 29. 20 23. 90 4.90 18. 90 114. 00 1. 81X 10¢ 1. 06X 105
P B 320 741 e 20. 70 11. 60 125. 00 59. 80 101. 00 2.37X10? 4. 41X105
FHLA R 28. 60 16. 80 189. 00 5.29X10° 120. 00 2. 91X 104 2. 88X 10°
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printed circuit boards by supercritical water oxidation combined
3 an: _L/E\' with electro kinetic process [ J]. Journal of Hazardous

(1) T 48 AR HBURE 2o 5 X 4 I 435 SR o A 2 5 i AR
KL il 5 BORE ST /N T 50 H L T HURE R R FH £
DY AR UE S AR i (R 25 ) .

(2) WF5E HEAF 0 T80 I % PR ¥ 4 < 10 min
FHEZE 165 °C,5 min FFZ 200 ‘C,7E 200 °C 4k 30
min. PCB BREERE 29 0. 2 g B, 1l f#3X 7) HNO, ,
H, O, . HF FHERA3 5120 7.2 Fl 4 ml, 7] LAk B8
SRR R R TE R RIOCR . 20T R A R
I ATz T AR L AR PCB R H AR fn
TS R v B R 4 T 5T 2R R R U A A
7.

(3) R JG B 7 2 % S BRAE di 18645 50 47
FW] PCB A i v 38 i 75 A7 4 e ot o 43 20 Cu i
Ph, BATH & 0 IR E s Rl BT iR A Cr i As 4, i
T B R BAIL, (A 7E PCB i Ab 38 rp 475 55 7™ 95
K.
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