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Table 1. The contents of heavy metals and silicon in BCR060

Cd Cr Cu Ni Pb Zn SiO,
mg kg'!
BCR060 2.20+0.10 26 51.2%1.9 40 63.813.2 31318 61000

K77 5 ELHHBCROG60 0.200 gff! ™ PFA (perfluoroalkoxy)iff (= fi Il » H i & & 57 (A =
P Pl SREE GBS S A EGETR - BT 0 i BPL 1 B8 (CEM, MARS
Xpress, MD8570)[* [ 7] {= » PEVHSFIAT AR EEE AR E SO %E[%D“' o R ABLY Ak
% iF‘ [“3fk]"] Whatman No. 427k JQ?%L’?’EL?TQIJICP -AESH]ECd~ Cr~Cu~Ni~Pb- Znﬁ%i(i@’
~iEE 1 Cd228.802 nm * Cr 205.552 nm * Cu 324.754 nm ~ Ni 231.604 nm * Pb 220.353 nm *
Zn 213.856 nm) « ¥ ZRERAS N T Yates FTE R (2 Ut -
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Table 2. Assignment of factors and level settings of the 1st experiment

t' T, t A t T H H t T A A T t F
tp T, X A, X X X H, X X X X X X F,
Treatment
1 @ T 4 A A F ® H H F H F F (5
3) G _©® O ® do9 dn a2 a3 d4

1 17 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2
3 1 1 1 2 2 2 2 1 1 1 1 2 2 2 2
4 1 1 1 2 2 2 2 2 2 2 2 1 1 1 1
5 1 2 2 1 1 2 2 1 1 2 2 1 1 2 2
6 1 22 1 1 2 2 2 2 1 1 2 2 1 1
7 1 2 2 2 2 1 1 1 1 2 2 2 2 1 1
8 1 2 2 2 2 1 1 2 2 1 1 1 1 2 2
9 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
10 2 1 2 1 2 1 2 2 1 2 1 2 1 2 1
11 2 1 2 2 1 2 1 1 2 1 2 2 1 2 1
12 2 1 2 2 1 2 1 2 1 2 1 1 2 1 2
13 2 2 1 1 2 2 1 1 2 2 1 1 2 2 1
14 2 2 1 1 2 2 1 2 1 1 2 2 1 1 2
15 2 2 1 2 1 1 2 1 2 2 1 2 1 1 2
16 2 2 1 2 1 1 2 2 1 1 2 1 2 2 1

"t;: 10 min, t,: 20 min.  T,: 170°C, T,: 180°C.
A;: HNO;s, A,: HNO5:HC1=9:1 H;: H,0, 0 ml, H,: H,O, 0.5 ml.
F,: HBF, 0 ml, F,: HBF, 0.05 ml.

2 1: level 1, 2: level 2.

EE N I R
Table 3. Assignment of factors and level settings of the 2nd experiment

t' A F,

Treatment t A, F,
@) 2) 3)

1 1? 1 1

2 1 2 2

3 2 1 2

4 2 2 1

'4,: 10 min, t,; 15 min. A;: HNO5:HCl = 9:1, A,: HNO;:HCl = 3:1. F,: HBF, 0.05 ml, F,: HBF, 0.1 ml.
2 1: level 1, 2: level 2.
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FP B B[ T (Ramp to Temperature)
Table 4. Closed-vessel microwave digestion program

Stage Max power (W) Temperature (°C) Ramp (min) Hold (min)
1 1600, 85% 115 8 1
I 1600, 100% 170/180 12 10/15/20
=44
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Fig. 1. Effect of acid combination on the recovery of heavy metals for BCR060 using microwave
digestion of the 1st experiment.

F 0 Y- R AR ) A
Table 5. Results from ANOVA analysis of the 1st experiment

Pr>F'

Source .

Cd Cr Cu Ni Pb Zn A-R
Digestion time N§? NS Hk NS * NS *
Digestion temperature NS *x oK * NS NS *x
Time x Temperature * *x oK *x NS NS *x
Acid combination * wkk *ok *k NS NS *
Time % Acid combination NS ok Hk NS NS NS ok
Temperature X Acid combination * NS *ox * NS NS NS
H,0, x HBF4 NS NS *k *k NS NS NS
H,0, volume * *ok Hokx *ok NS NS *ok
Time x H,O, * NS *k *ok * NS *ok
Temperature x H,O, NS NS *x NS NS NS NS
Acid combination x HBF4 NS * *ok NS * NS NS
Acid combination x H,O, NS NS *k NS NS NS *k
Temperature x HBF, ok NS Hk HAH * NS ok
Time x HBF4 NS NS NS NS NS NS NS
HBF, volume NS *E* *k *k* NS NS hoAk

Vst o ek Significant at 0.05, 0.01, and 0.001 probability level, respectively.
? Not significant at p < 0.05.
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Fh o EEgp Eﬂjﬁ‘f;‘nf BCRO60 E1 = FE-’;}’[H'H'S@FJ/E‘I/%%?(HNO3 :HC1=9:1, 0.5 ml H,0,, 170C, 10
min)

Table 6. Effect of HO, adding timing on the recovery of heavy metals for BCR060 (HNO; : HCI=9: 1,

0.5 mL H,0,, 170°C, 10 min)

.. Recovery(%)
Timing -
Cd Cr Cu Ni Pb Zn
After HNO; addition 95a " 50a 69a 68a 85a 53a
0.5 h prior to the digestion start 94a 57a 60b 71a 78b 47a

" Means followed by a common letter with the column are not significantly different at 0.05 probability level.
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[SCd ~ Cr> Cu~ Ni~ POHIZnlplsf o G Scf i et i [~ e 002029 feg 3
BROAh 20 o4 P 08 WO (S RV IR e R R AR
o % RIS SEA TSR PR B o T Y (S SRR RS 7 < bl
(vent)fi |2 B LI'] {3 S0y (R IIE T » Ss s BT R O0) o o]
B A I 2 S PR B (P 2 O o B S R A B
R B 7 CBUSR  (RR 7 [SU  ES
BRIl BT B o

100
B 10, OmL
90 A
80 - —

Recovery(%)
|

A !H IR TR

Cr Cu Ni Pb Zn A-R

Heavy metals

[~ T SERER AR [ SR A BCROG0 1 & BRSO yae -
Fig. 2. Effect of H,O, added volume on the recovery of heavy metals for BCR060 using microwave
digestion of the 1st experiment.
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Flg. 3. Effect of HBF, added volume on the recovery of heavy metals for BCR060 using microwave
digestion of the 1st experiment.
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Effect of Acid Type on Closed-Vessel Microwave
Digestion of Organic Matter®

Ya-Wen Kuo? and Jen-Hshuan Chen’

ABSTRACT

Various parameters (time of heating, temperature, pressure, composition and kinds
of acids, sample mass, etc.) affect the digestion process. The closed-vessel microwave
digestion of a certified reference materials BCR060 in nitric acid or in a mixture of nitric
acid and other acids (hydrogen peroxide, hydrochloric acid and tetrafluoroboric acid) was
studied. Nitric acid is the most widely used primary oxidant for the decomposition of
organic matter due to its oxidative capacity and no severe analytical problems. However,
nitric acid alone cannot dissolve all the material that present in the sample, thus leading to
poor recoveries for many elements. The results show that hydrogen peroxide added into
the mineralization procedure can not improve the recovery. The presence of hydrochloric
acid can increase oxidative capacity, thus increasing the recovery. Mixtures of acids with
tetrafluoroboric acid are particularly efficient in oxidative of organic matter. The recovery
of heavy metals for BCR060 using 6 ml 9:1 of HNO; : HC] mix acid and 0.05 ml HBF, at
180°C for 10 min were 108% for Cd, 92% for Cr, 92% for Cu, 88% for Ni, 91% for Pb
and 97% for Zn.

Key words: microwave digestion, heavy metals, tetrafluoroboric acid.
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