IR B 2 R 2017,33(2):127~133
Journal of Guangxi Academy of Sciences Vol. 33,No. 2 May 2017

) 4 0 5l 50 R B T < 2017-05-03 DOI:10. 13657/j. cnki. gxkxyxb. 20170503. 001
R 28 )0 S 807 8 WL ik < http: //kns. enki. net/kems/detail/45. 1075, N. 20170503, 1016. 002. html

REBEAASE-ICP-AES N EREAHERT P
a8

Determination of Thallium in Lead and Zinc Concen-
trate by Inductively Coupled Plasma Atomic Emission
Spectrometric with Polyurethane Foam Adsorption

FOASLRER T ATRBER. S4B
LUO Minggui, LI Xiangrong, HE Zhaosen,SU Weikang

7 VY B 300 3 A B A S0 A % Jmy , 1 PE Bl A 538001)
(Fangchenggang Entry-exit Inspection and Quarantine Bureau, Fangchenggang, Guangxi,
538001 ,China)

FAE LB A IR R Z BRI R 53 B9 50 8 . g o7 o B & 45 B3 F 1K SR F & ST 96 1% 74 (Inductively Coupled Plasma
Atomic Emission Spectrometric, ICP-AES) Jll %€ IR & Hy#ERE 5 P 48 & 1 19 5 vk . [ i I & IR & IR (HCL-
HNO;-HCIO, -H, SO ) Z2 e i it )5 - IR G R UL R 70 1 48 L I A HINO, 35 80 i, T ICP-AES 35 I i K
Ry T &, (&R 5 B8 R SR o B8 I B T B F b AE s R A A 2 T30 B AR T 7 i 1Y
Kt BR . ST R W, BN A TR Rk A ARG R BR 0,999 1, Bk KBRS 0. 12 mg/L, J5 ¥ os B %6
9 96.0%~106. 0% , AHXTFRfEdR 22 /N T 5% . &R TN A9 25 S e off vl 5, e v IR G A BRKS 0 P e & 0 1Y
I 55K

KREEWR P ERE S F R TR T RO BT & R AR IR

hE 55 ES 0657, 31 MEFRIRIG A MEHS1002-7378(2017)02-0127-07
Abstract:[Objective] The method for the determination of trace Thallium in Lead and Zinc
concentrate by inductively coupled plasma atomic emission spectrometric (ICP-AES) with
polyurethane foam adsorption was developed. [Methods] The samples of Lead and Zinc con-
centrate were digested by the mixed acid system of HCI-HNO,-HCIO,-H,SO,. The Tl was
adsorbed by polyurethane foam and determined by ICP-AES. [Results}The interference of the
matrix effect was eliminated with polyurethane foam adsorption and the detection limit of the
method was reduced. The linearity of the method was well and the correlation coefficients of
calibration curves was 0. 999 1. The detection limits of the method was 0. 12 mg/L, the re-
covery was 96.0% — 106.0%. The result of
precision test showed that RSD (n=11) was less

Wi BEH:2017-01-10
f&[E B #3:2017-04-14
TR R4 - 5 05 (1966 —) . 5 . 75 2 T 72 Ui . + % A i 7= and reliable, and the method can meet the re-

than 5%. [Conclusion] The results are accurate

Ko 1o WRIE quirement of determination of Thallium content
* PTUGRL 2 WEST 5 8 AR I & R 90 H G BB 14123006-17)  in Lead and Zinc concentrate,
. Key words: inductively coupled plasma atomic e-

*OORMEER RERATO L BB TR EEMBET mission spectrometric, Lead and Zine concen-

S F5%  E- il lixi ) E . .
7 i H $ B 5E , E-mail  lixiangrong110@163. com. trate, Thallium, polyurethane foam adsorption
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0 3

[(AREXVE U HEHFELE, — MM =M
oA AR AT BEE Y . A T2 R IR TV T R B 1 4
B B Y BRI e AR L B R A 7 I 0 2
F. T TIMEER ARSRZRER, L4k, N
AR Sk b % 4 AT W A T X e DR A T
S HEAT R IN  TAT E A G R I T vk AR e =, BT L
HESLH A R A I B R AR A 4, [ETA
W 5% R X4 1 I 2 A Ay ok VR L fk
B RO (A B PO A S T
K Kk 6 RE 2 (ICP-AES) 2 D 7 o J8RE & 45 85 1
A 7 (TICP-MS) ™ R a2 207 . TR R
R A Y R IR R A B T RS AN ICP-
MS L2 i B8 £ (H 2 ICP-MS i #% & 37 . 3%
R AR 0 5 B R R WO Cf B i) | H Jk
A B TR E GO E % ACP-AES) #4780, T
B AN ICP-MS 1K, /S g il & 6HJR i T A4 46 0 7
Ko (EHRVINRYEGHEAET R4 A HAb 4
BT —Fh 2 & BT SRS % A D7 ik A
JCE M E W) T 2 . 5 SR I TR 6 g R 7 43
B R R SR A N A% T T R 1 T, ST [l s
B vk AR A s BR , JE 5 & 5 Y TICP-MS, i B ICP-
AES R 17, [HLRE R &Y 55 88 i) & Y0F 5 FI 23R
R WA IR A A BRI A R AT o B AR
B AN A7 T KT W B 1) 52 g, W R 1) O R A% 4R N
iR JE % S 64 B 5 1 L LA B TCP-AES I 7 &8 10 ¢ 1
IXES S5, B W5 s — I IR A A Bk 1 b & 1)
SE 75 A IR O 2 A TR IE

1 #MHE5RFIE

1.1 ##

HCIl, HNO, . H, SO, . HCIO, ¥J Jy {it % 4 , HF
R HT el L K 2B K

£ R AH R T A 5 W - 43 0 i B 30 mL HCI. 20
mL HNO,#l 40 mL H,O, &4, F I B ,

H, SO, (1 +D W B (pl. 84) 5 7&K 4% 1k
BE1:1RA.

BREVR W[ C(Fe® ) =50 mg/mL]: FREL 242. 5
g FeCl, « 6H,O T 1 000 mL &M i AL iR
THRRIR A 30 mL, UK M Em E 4%, %
SR

RAWEHLIR :30 mm X 30 mm X1 mm, KA E
0.3gE 0.4 g .78 10XNMERRME TR+ E D 30 min,

il

Ve R

T FRMERE A VAW -1 000 pg/mL (T, [ 584K
BRI O I

MEMEGS WL - 78 6 2= 4 A 30
mlL Fh R A IR TR G VA5 W, 4% BT 2] e J32 TAC 1 A% 1 7%
L B M T AT £ 4% 09V BE 43 0 R 0. 00 pg/mlL.
0.20 pg/mL, 0. 40 pg/mlL, 1. 00 pg/mL, 2. 50
pg/mL.5.00 pg/mlL,

1.2 FEMNSBRIEEH

TR 7 25 s SS-Milli-Q Academic %8 4l 7k &
He g% (GEE % 1 Millipore A ]) 5 2100DV H JE&FH
GEE TR EFHEIEL(3EE Perkinelmer A H]) ,

ICP-AES TAE&MF: T2, 1.3 kW B 21
#,1.5 L/min; #i BY A W &, 2 L/min; 308 &
1.5 mL/min; R4 BHE] . 2 s5 WU 5 =X, %l a5 SO0 100
PR ,15.0 mm.,

1.3 7%

(1) B A 7 77 %

FREC0.1 g 2 0.5 g WA B IR E F 150 mL
Yi I = AR I AGE SRR . 5 R T A
b AR IR N AR s SRR IR RS R R 2 B
PRI ¥ 5 5 IRGEARBE IE A W B A B A T
PR I B LBUR LR,

A GE & H, O, DL ER %W, Jn/k & 100
mL, LA 1 B 5 27K 2 0 I HE 20 Y 3R A g 1
W TR 2P HEY 60 min. BUH K I R &2 % .
PP BT K SR R UK TR T A A B Y
o4 b, Wb K8 TR i 90 min, 2 VR IR B
R RIS W s I 21

() FEIR 1A R L+

FEo BRI HCI-HNO, -HCLO, #il
HCI-HNO,-HCIO,-H, SO, ¥ Ff 2 1A 2 1% fitt B¢ 5 1Y
L

(3) W BfF A o 1Y) 8 4

AR R A R | R TR A IR TR A VA R 1Y) I A AL
o WEL 10 pg M 100 pg B%E (e R0 2 AR R
25 mL, A2 T HIS Uk BEAE 40 524 0. 40 pg/mL Al
4.00 pg/mL) A3l A 30 mL AN [F] A9 R . #  5E
T ik HEATERAE L I A A R

() it A o 1Y) B 4

SR AN TR) 16 fige IO A S50 B AS ) A LI ik R A Joi oF
EHE & =N 0.4 pg/mL Fl 4. 00 pg/mL Y
VSR HE AT i B A5 L 43 0 5 460K L1 % HN O, 1R 4 fif
JI5E R BRF 8 A J5T 5 A B AN [ AR R A A S5 X6 fige ot W B
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SR R MR 38 I A e I DR i A T
s

(5) W BFE 5 e Jid 2% A7F 1) 4 S 3

H 18 4~ 150 mL = M Le i i P 4L, [ 4 45 9
A —HIA 10 pg 8. —H A 100 png 48 (% B f#
JJS B0 G AR AR Ry 25 mL, A Y T B R Mk
JE43 50 4 0. 40 pg/mL 1 4. 00 pg/mL), F ICP-
AES 10 7 0% B e 58 S 0 e B . W R A B 1) B 4%
HFh H, O, JFe' " 1A &, LA K W B 5 1) e ]
FI 7K I it JO B I B A R 5 42 3 AN KOF B A IE
LB (LA B2 9 AR LA 5%, B s il
HHRMEGE D,
1 MM E R KR

Table 1 The orthogonal experiment of adsorption and desorp-

tion test
K& Factor
3 Jijzl H, 0. Feit i 7 11 1] K TE]
B ( o ; (mL) Contact time Bath time
m mi (min) (min)

1 1 1 20 30

2 2 2 40 60

3 3 3 60 90

(6) 1 B T4 5 55

AR IR & H B 0 b W AT R e & 2
oL 7E 2 Mg & &g w00 4 pg/mL Al 4. 00
pg/mLIV R b, 38 o A SR T R o
N 7 V5 e i, 5 58 LR A WS ) 5 )

(T LRk

Fie FRA A8 15258 45 1. 43 9 1 T1:190. 801 nm,
T1:276. 787 nm,T1:351. 924 nm 3 520 Hridsk . Il
EREWE 43 9 R 0. 20 pg/ml.0. 50 pg/mL.1. 00
pg/ml. 4. 00 pg/ml.10. 0 pg/ml.20.0 pg/mlL,
50.0 pug/mL.100 pg/mL I 4% 3% 28 0 3 B , 454 ik
JE ARSI E 11 W,

(8) Z Ak i Bl Ak s B

R 2S LB ORT 6 A4 o T A V5 W 4 15 7 AR
*2 RERM AR T 5B B R (pg/mL)

AN E S DAVR B A R AL A o R B SR 2 A B 223 1 B
WETAEM L, ESEE 11 a8 R 5D e 45
SRR UE DR 22, 0F LA 3 A A o 25 7155 5 2 i R
HRR

(9 7 ik R PE IR 5

FE S BB R A A 3 I A 1 il
R ST A

(10) J5 ¥4 % B i g

XF 47 ~87 B S A B HEAT 11 A ST e TR
S 271 FUAR S A o ) 22

2 ER5WiE

2.1 BHEBERERE

RAHVEERS 0 LAY VBN L O & B BOR
TEACEESEE YR, KRS REH. B TA
HCLO, #1 H, SO, WY FFTE » W5 Tl B A 2 % 15 BR A i vh
R B ST AR AR A B AR B HL SO, R EE R B LT,
VRIS R 5 281 BARAE R L (H AT DA 50 b 45 i) 7
(R b S A 0L RE s I 2, 6 HL SO, {7 7E I %
WARA G 78 T 5545 I S EORE o &, & T84 1)
B, B H 12 mL HCl. 4 mL HNO,.2 mL
HCIO, .1 mL H,SO, (1+1) R/ il bk i iR IR &

RV RER T LR A ST 4 B A 4y
fif R S P BB BT . T R R L FTRUIMA 1~ 2
g NH,HF, S0 25 R R, B s il Ja , sk b it
() — SR AR T N B M A2 P VR IR R0 2
2.2 WM EREAEE
2.2.1 BRWATeiE

MR 2 Fr 7R, Fh R ) W B A8 R . 5 B S
BRAE & b B B SR A FERE R AT R 2R TR A
AR R R TR & S W HORE S A R G, |y TR A
T KR8 YN K SR R A R TR A U P TR
St ] DA G AR B BT S R B T A R R TR Y TR
RV PRI KRB N 32 25 4,

Table 2 Analytical results for different acid of adsorbent (pg/mL)

M %E {6 Found

R

R

h R T PR TR 3 9 h B2 A PR IR 5 T TR

Concentration . 'Fﬁﬁﬁ}ﬁ?{ﬁ ) Hydrochloric Mixed solu}ion pf Mixed solu}ion f)f
Nitric acid solution acid solution hydrochloric acid hydrochloric acid
(V:V=1:1 (V: \‘/:l R and nitric acid and nitric acid
(V:V:V=3:1:4) (V:V:V=3:2:4)
0. 40 0. 34 0. 38 0. 38
4. 00 2.81 3. 80 3.77
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2.2.2 FEBLAJR R fif A A 4 2R 5 C B 228K (3R 3D

I EB, BHEEMA 25 mL 1% HNO, # 17 fi#%
JI5E W BRF L 00 5 55 R 5 L e B — B, ROR kR L HoA
£3 FAEAMBENRMGHRRBER

B, SR 1 %0 HNO, A i B4 T 38 25 mL,

Table 3 Analytical results for different medium and volume of the eluent

it Jt A J5 A AR

Medium and volume of the eluent

W 5E B
Found (pg/mL)

BH

Reference (pg/mL)

B4
Reference (pg/mL)

5
Found (pg/mL)

10 mL 7K @ W65 0. 2 mL HNOs, ilIZK E 25 mL

10 mL of water, after the release of plus 0. 2 mL 0.18 0. 40 1.73 4. 00
HNO3; ,add water to 25 mL
256 mL 7K, f# UG AN 0. 2 mL HNO;
25 mlL water, after the release of plus 0. 2 mL 0.34 0.40 2.36 4.00
HNO;
10 mL 126 HNO; . fif i J5 sk 2 25 mL
10 mL 1% HNOj, after the release adding water to 0. 35 0. 40 3.67 4. 00
25 mL
25 mL 1% HNO; 0. 39 0. 40 4.05 4. 00
2.2.3 BWEMBLEFGEEEE AR RE R, TRAFERMRE W 7 H R

MR ZEERE (G 4) s IR B /N (9 0 J2: K
IS 1] | 4 3 6 1] L 4 Al S0 A Bk T AR L 0
IKH ffe P P T8 368 900 % ) 52 ) 2 e KA LU IR
W BF I E) . M2 25 PRI T AR A5 R OR B L AR T
HARNF I B RO B . 25 R B K T A I 1)
R4 TRBMHBHEFGFHNESR

{14 fife JBd FsF 1] 40 90 min PR AT 6 38 46 200 Y
TR 7 AL A (R 5) 55 il 2 S5 A 1 i
B B 45 12 : H, O, 3 mL,Fe® " 1 mL, #& 3% B[] 60
min, KEEF[E] 90 min,

Table 4 Analytical results for different condition of adsorbent

&1 Condition 0.40 pg/mL 4.00 pg/mL
4 57 B rn S fE Sl fi
Group H,0, Feit ‘}h—wﬁ fisf 1] IR ¥ B[] Found of Found of
(L) (mL) Lontagt time Bath time 0.40 pg/mL 4.00 pg/mL
(min) (min) (pg/mL) (pg/mL)
1 1 1 20 30 0. 38 2.77
2 1 2 40 60 0. 39 3.34
3 1 3 60 90 0. 40 3.68
4 2 1 40 90 0. 40 3.89
5 2 2 60 30 0.40 3.37
6 2 3 20 60 0. 38 3.67
7 3 1 60 60 0. 40 3.91
8 3 2 20 90 0.41 3.25
9 3 3 40 30 0.40 2.91
231 K21 Level 9.79 10. 57 9.69 9.05
212 K22 Level 10. 93 9.96 10. 14 10.92
23 KF-23 Level 10. 06 10. 25 10. 95 10. 82
M2 Range 1.14 0. 60 1.27 1.87

x5 ERKBHEFHMNLER
Table 5 The results of extending bath time

0.40 pg/mL 4.00 pg/mL

5t H. 0, Fe o JRENI AR ol f S
Number (mL) (mL) . (;nin) ((min) Found of Found of
0.40 pg/mL(pg/mL) 4.00 pg/mL(pg/mL)
1 3 1 60 90 0. 40 3.92
2 3 1 60 90 0.39 3.95




BB R R 4 B -ICP-AES W IR A #H S 0 A & i 131

2.2.4 BMTFHER

T3 6 £ T AVEE & 1 19 I P 0 i AR UL 3G
FAOLE G IER WP RS i, 29I E Rk S
B — 2 (3R 6) RS B R A WL L A7 T
B A AE X Y I B 95 AT 520
®6 HETZRHIXM

Table 6 Interference experiments of coexisting elements
JER B A & S AE E AL S A 2 %8
Element and add- Found Reference Found  Reference
ed(mg) (pg/mL)  (pg/mL)  (pg/mL)  (pg/mL)
Pb(200) 0. 39 0. 40 3.95 4. 00

Cu (150 ), Zn

(250) . Al(25) 0. 39 0. 40 4.01 4. 00
Sb(50), Na(50), . i y
Ca(25).Mg(25) 0. 38 0. 40 4.03 1. 00
As(5).K(5),Cd

(5), Mn (5), Ti

(5), Ba (5), Ni 0. 39 0. 40 398 100

(5), Sn (5), Bi
(5), Mo (5), Se
)

2.3 ELK%E

R 7] L, WP TLHRBEAE 5. 00 pg/mL K&
DLW 43 HT 4 T1:190. 801 nm I & 4 & 1 B B AL
FHAb W6 . A E & & F, T 190, 801 nm, Tl:
351,924 nm B9 & 98 BE AL T1:276. 787 nm Bl 5E
SRR, RBUZ RGP . 458 LR IS G Lk
B B B L A S0 6 . T1:190. 801 nm A 4%
Mrek .
2.4 ZMEEEMGHR

R A T A i ) ) 5 L S DAV B A A Al
b TR B O AL bR s il AR oE AR 4. 1A
TAEMMZ HFEH v =5 3532 + 361. 8(R* =0. 999
D, REM & LR r, SN E 11 72 [
W, VB0 5 25 2R 0 b Al 22 2 3 A5 s THE i 22 T 7 1Y
e BEAE AR B T AR AR PR 0. 12 mg/ L,
2.5 AHEARERE

XS PR EER IR RE 47 ~ 8% 4» BHEAT kxR |k
R K I A M HER T . gk 8 BRI R [l
WA 96. 096 ~106 %6, ki I 245 A 14 1 B 14 2 4
2.6 AERBEZERRK

VEHU 53 47 ~8% By 5 A SEBREYAE R RE
i T FEAS TR0 7 0 XA ot o 9 4 1 St o0 R AT 11
Y5 L N 9 I BT LA H L AR T e 5 R
FEXT A3 i 22 297N T 506, T2 45 SR 10 0KS 2 e 4

xT AREHELEEEX L

Table 7 Analytical results for different spectral line

JE LR 58 B Spectral line intensity

W WES
Concentration Observation T Tl Tl

of Tl (pg/mL)  item 190. 801 nm 276. 787 nm 351. 924 nm

oao  MIXPRRIEG 2

RSD (%) 0.17 1. 90 8.18

S 5 5

Tntensity 1030.9 957.7

1242.6

o0 HRPRRIE G 22

RSD (%) 0. 80 1. 00 2.90

- 258 B

Intensity 25811

2.243.5 2975.6

FH X A v A 22
1.00 RSD (%)

- 255 B

Intensity 5 166.8

4353.1 5611.9

R o it 2% L
4.00 RSD (%) 0.99 1. 60 1.43

¥ 431

Intensity 21138.3

17 184.0 22 243.6

L s o i 22
10. 00 RSD (%) 0.29 0. 40 0.51

BT

Intensity

o
—_
w
<
a
<

41 861.1

X s i 22 .
20. 00 RSD (%) 1.78 1.53 1.71

1 . 103 208.4 83 652.1
ntensity

10 366.0

- A s i 22
50. 00 RSD (%) 2. 89 2.69 2.56

qiﬂjﬁfﬁ 258 001. 2
Intensity

210 482.5 270 138.5

HXMRHEmZE ) oo 0.72 0.53

100. 00 RSD (%)

qzliﬂgﬁt{ 511 937.4
Intensity

420 253.0 541 399.8

RS MAREYKIREER

Table 8 The recovery test

BE L R

bR WE B i

= ™ B
‘#un 7 Ihalllt}m conFent Added Total found Recovery
Sample No. of samples ) 0
( (pg) (pg) 73]
png)
4% 1.8 5.0 6.6 96. 0
5% 7.7 10.0 18.3 106. 0
67 40. 2 50.0 89.9 99. 40
77 86.0 30.0 117.0 103. 0

87 170. 6 30.0 202.6 106. 0
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x99 HEERR
Table 9 The precision test

W Ul W i Found (%)
Measurement
times 4% 5% 67 77 8%

1 0.000 92 0.003 76 0.0192 0.0426 0.0824
2 0.000 86 0.003 75 0.0212 0.0404 0.0838
3 0.000 89 0.004 08 0.0209 0.0413 0.0848
4 0.000 95 0.003 96 0.0195 0.0430 0.0851
5 0.000 82 0.004 04 0.0205 0.0424 0.0827
6 0.000 89 0.003 68 0.0202 0.0430 0.0870
7 0.000 84 0.003 91 0.0200 0.0461 0.0858
8 0.000 93 0.00392 0.0195 0.0451 0.089 2
9 0.000 85 0.003 73 0.0197 0.0433 0.087 2
10 0.000 84 0.003 75 0.0204 0.0410 0.0823
11 0.000 85 0.003 84 0.0195 0.0452 0.0877

Aveﬁi’ﬁ{gﬂlue 0.000 88 0.003 86 0.0201 0.0430 0.0853

*Hg‘:g(f%ﬁt 488 3.49  3.23 423  2.72

3 #Hig

A EHFIRGEFRE T e, mF
SR o3 B A T B Db A O 3R 1 S
TE RV S A B — R BE /N BEAR T RO NIRRT
5 5 L, 0 2 9 LR 0. 0010 % ~0. 10 % 5 J7 36
Fr A #K 96, 0% ~106. 0% , H 4 I 5E A4 AH X bR
WEDR 25 /N F 526, DI 10 245 50 o 1 ] 5 L 7 AN 2R ik
2 R LR 8,
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