2017 9 H
September 2017

A 5 W
ROCK AND MINERAL ANALYSIS

Vol.36, No.5
474 — 480

SRR, IhER, SR, A RIS A A S0/ 7E R AL 5 IO I R AR ITE R 4 — I 9o 1% 1 DU 5 b A it o
JREIRLI]. AT, 2017,36(5) :474 - 480.

ZHOU Hui-jun, SHUAI Qin, HUANG Yun-jie, et al. On-line Determination of Hg ( Il ) in Geological Samples by AFS after Solid
Phase Extraction Using Dithizone-modified Graphene Oxide/Chitosan Composite Microspheres[ J]. Rock and Mineral Analysis,2017,
36(5) :474 - 480. [DOI: 10.15898/j. cnki. 11 —2131/td. 201703010024 ]

UL R VR A A S/ SE R SO B BRI A AR AR e 4 -
ST % T2 0 i S A i P IR R

AEBE, W', Z=A", B&F, ¥%°
(1. P E B (BRI MRS k2B, W1t 5N 430074
2. VLPEAE HUTR 7 B 0T %% R P L BN, TIPS JLIT 332000)

BE: RTABTHT RIT WAL, Z—FELRIRFIEAL, ARRGMNEZ T o TR0, H Tk
BT P FEEAIK, BN LR, EE2R AL BT ELE, BARANSETETHEX S HT
BE, AT, AL RGN G B/ e BB A MR R EMERNE, FRT
72 it pH B A AF K Fo AR AR 3T R 09 B 2R 6 ¥ v, AL T B AR B BULE 4 R AR/ 2k WU BT 1) e ik B 2R 69 R
W/ RBLACR G Hrn, 22 T AMFERELRS & - RTRALEEINE AR TR ERG ST Tk, &R
AWz pH=3.0 B, 24 5 mL/min 6§ K Afik R A 5 min, R aGE M F KT 90% ; A 20 ¢/L #lk - 1.0
mol/L A BR R R AR BRI , A 1 mL/min &9 26 BLik 2R BL 1 min, 2E LA KT 95% . K4 & £ 0.050 ~
50 ng/LIEE ALRMXZRRIF, SHERTH 22,4 EHA0.0019 pe/L, RAAFEMNET LEFRRYE
RARES FAE S Heg M R AL S A E AR EZ DT £13% . 5 BEEoMARL, KRG BA ZHES B

AR 8 SR Peik A B

KR : AAMER; BMER; £XGE; RTRAELEER; AR, &

RESES . 0657.31; 0614.243

SR A B T 26 S B R AR A T L e
DX I LA™ 25 , SR BRSO 4 0 AL A A Bl LA
AR B R R Y RAE B
TR T RE L B AETE , I B 5 A PR
A RIS BT HRR X R R A B s Ak, 7T L
BRI B BFFE AT = SR S B . SR T
PR AR B 32 BRI, — M AE 6.9 ~65 ng/g " 7ESE
BRRE S MM T 2 bl T2 R A 5
il T 2 T S0 F A R JE v 09 2 SR, PRIt
TN RE i E AT 4 B R AR AT AL B[ A 3
(SPE) " " BB EENTE IR — CAAH
AR AHUAERY A SIS, T A

MERFRIRED: A

PR B B0 LA 4 F AR T £ 2 B A 2 IOIF L
Posrm 2z —7 AR A R R A B 4R
— VR G i 1 T 5 K R T R i e 9
R, IER I BRIAE] S ng/g; BRACE F SR 23
B - R T 668 I E A PR OR
Shakerian 2" Il B MY = AL 40 H 4 - R T
W0 (ARS) I K i, (B R AE TR 95—
AT R T2 AN BRI P S B S Ak
IR A A TS5 A R 6 R 222 B 4 52 i, R g
SEASEE A Bk, TR A TR .

SEAL AT BRI e — AR R K bR, 3 1 A3
GoAREMFEKETAELD, I—0H —C =0,

WES B EA: 2017 —03 —01; {£E HEF: 2017 —05 —09; = HET. 2017 — 06 —02

BESWH . o E 5 A Rt B A B (12120113014300) 5 [ 430 A #5 PEA Tk & 55 H (201211003)
YEE RN JBER LR A A TRSHE AR, E-mail: 867166585@ qq. com,

BIES: IS, 2%, FENSEF AT 500 KL B RS . E-mail: shuaigin@ cug. edu. cn,

— 474 —



%5 3]

JEER 45 AU P SR A B0/ e A 5 BIORR I AR 25 I E 2 e R - T2k IR R

536 &

—C—0—C—J—COOH 4§, i3 #6350 'H fe A 1E &
W B 45 PR A A DR A R AE TSI AT )12
AR SRR T EE A A R A A
RIHRRA, 5488 7 Z WA R0 A 5 AR
JRIM ST o A g B W A 0 B, 5 RO T
NFHIER HESSRE T He' " Ni°* Pb T 4
TE RS BG4 , DR ™32 1 T 1 B KR v
e Ee ",

AL A SRR R RE S IR B 2 AP 48 oo
£ X HFroo g2 A BAT et i H AR A A S50 48
KA RIRRIAR RN, 25 T B07E 26 [ FH A5 TR 90
IS TN BT IR S R, AR SO S SR 5 4
AEAT BRI A KA A o) B BRAR SOk 2 B 41k, IR
MG He GETE B A0 (5 5 % He AT
WO, AR U I TR SR A B o R A
BRo RO 0 52 A R ) AR AR O IV T T
TERRPE MR BHAE S v P R R OR , BT T R AR
VR, AFS I i BTRE i HR B R I U7

1 SEURsy
L1 &SRR

ARz AT (AL 5t A 46 BF 58 B BE )
AFS -933 Jei75 ot B i (b at il RAXAR A A o
AFS (R R TAEZBON - 000 s 265V, ST B
25 mA, AW & 400 ml/min, 5 ¥ < & 600
mL/min, JF il B 160°C, FE LR TR0 18] B
24 20 min, I HOME
1.2 bl A A0

ARBRERE I (K AR ED )

ol 20 o/ L Wl S AL M I FREX 10 ¢ Bl UL
B, F 500 mL S o/L i) A AL BA T TR, B
BH o

Pl 20 ¢/L Hiilik - 1. 0 mol/L fiff FR 1R /3 K -
FRE0 g Bk, % T 500 mL 1.0 mol/L HAHERH .

AR FH R (fZal) s XUBRL IR I 1 L Tok &
W BUAUK IS R R RBRR R
MR (T2l
1.3 WRFHRERH

G A BB 5 R A ORI A
et M Hummer 3255 s A1 850 K BT iU
0.1 g % b s A 70 HET 0. 35 mol/L K ZIRVE
HOIE G ST S A A SR TR, A 2.0 g 52
BRI ARSI HE 3 b REAS B AR 5 P IR B 1 2
20 o/ L A AL HIR W, L T RO R 4

K VeV WA o, A 10 L 3 R WO
BiFE2) 3 h, F SR 20K YR80k, M+ )5 R4S
A A Bl TR AT

XU A A A AT 28 0/ 50 M A 5 TR i
£ REL 0.5 g MU IEI R T I0K Sl 1t
THIA 2.0 g Ak f st/ 70 REE G 1R, 5 A
FE 1 h EEE 2 h, SEBRBOR)E TR T, RIS
XU IR A A A S50/ 7o B R Gk
1.4 5 Hes

YERIFREL 0. 1000 0. 0005 g XA HE& 1 E 1k
A1 SN/ 50 5 WE ORI B R S SR AE /DA (40 mm x
5 mm) Hv R 9 i B 7R /D R A AR DA B Lk N I
R . HAHRTSE 1.0 mol/L iR /it L B+
IR PEAE -, DAV 2o AT M % B I 4%
1.5 Ohfiehdfedesn & faad e

A FTEL & R FVE B R AN 1 R, B
AT 43 R 3 4 - OB Y AT AL PR 2 - S B 4tk
XPAEEAT sk, B 1T 20 /L Aifik - 1. 0 mol/L.
TSR PRI VB0 o o SR AT HEAT PR A R . QMR B 3
T TEMGEh A B (A 8 T, RIS LL 5 mL/min (1) 3
TS A R AR S ming iR S IG SR A
I 1(1.0 mol/L AR ) WHETR A IR IE AL , IcJe
5 2(5 o/L ZA MM - 20 o/L A L) 1R
B RPER R F 30K, #E AR B Ay, R38R
WE FUEA AFS {8 78 LR A, 30 5% 2 i {5 5 5
J¥ . QUM AR : e Ak SR A T gk, 7R % 3h
B BT e (20 ¢/L Fifik - 1.0 mol/L fif§
i) LA 1 mL/min (14 385630 3 ffokE , 7EZE PN 1 min,
Ui DR SRS AL A TR 2GR 1 (1.0 mol/L ff iR )
WSEIRA MR, s 580 2(5 o/L A% 1k

. w5
ﬁ ) *f”'ﬂff 51 -5 )
e ——— Z a%( i 5
[ Hg™' /i k-1 1% ]—E /J> | AL ]
A |fE
_ JE
( wmm ) {w
%
(4 A -0 e ) B |

1 ARSI s 2 — L 19 e e M A iy i o
AR
Fig. 1  Schematic diagram of on-line determination of Hg in

geological samples by SPE-AFS

— 475 —



%5 o

http; // www. ykes. ac. cn

a0 Wt

2017 4

B 20 g/L BEALHN) IR, ARG SR F 80K,
PEASIRr B AL 3 T #EA AFS AR 7E LK
RS, 0 SR SN i
1.6 SEhaArhniabs

FREL 0. 2500 £0. 0001 g ikET 25 mL H 045
A2 B KIS A 10 mL T RE ) K
BT K L b EEES) 3 UG BUR A, A
1 mLy& B0 10 g 19 o G R A0 7 T, % 20 i
20 min; A 1 mL #BEEN 10 o/ L YRR, &
B OKAR R 2 B BE S CE R s L R IR
LS 45 B AL S B2 BRI T S P i 0 A

2 HiR5he
2.1 W RRCPE A AL A S0 S R A & Tk Y

2LAMEE 5 B

R T R R A A S M e R AT
BRATECPERCR , R ZL AN G % & B 52 G Rk
BT RAE 30T, 45 R K 2 P . A f S50/ 7%
FHEE AR (GO/CS) L AMEREE 3430 em ™
Ak B I JE S se B BE . N—H 0—H DL KA b &
1% i O—H Bz kg, 1660 cm ' il 1570 em ™' 4k
(I3 1) Shy A8 Ak AT S8 1Y) R i B ik R ) O s e
1720 cm ™" Kb (¥ i A 47 58 J—COOH 5 AE W i i
1070 em ™" &b fi 0 Ry S Ak A7 BB 045 14 34 4 2 C—O0—C
b S C—O0 By Ml ig, 5 S0k [25 - 26 ] s i1y
FEAR—F GPRERM A T B A
I/ CIRWEE A oK

— GO/CS
— DZ-GO/CS

B (au)

1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
o (cm™)

Pl2 b £ 8 SERBESL AR ER (GO/CS) DGk 1
A BIE/ SERBE S A BBk (DZ - GO/CS) LLAh ok
P

Fig.2 FTIR spectra of GO/CS and DZ - GO/CS
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Fig.3  Micrograph of DZ — GO/CS
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adsorption of real samples
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Table 1  Elution effect of different elution agents on mercury
PEmEH ARHELE
(%)
2.0 mol/L #if§fig 2.25
50 o/L Bk 10.34
50 ¢/L ik — 0.5 mol/L £hiiz 47.63
50 ¢/L ik — 1.5 mol/L £hiig 38.05
20 g/L ik — 1.0 mol/L fif§fi2 91.25
40 ¢/L ik - 1.0 mol/L fi§fR 40.05
50 g/Liffi§ — 1.0 mol/L iz 60.70
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AR Ny T HRFRE A3 BT R [ AN AT R B 2
R R BOE ST A S min,

PLS mL/min B3R HEATEL R S min 5, A
1 mL/min {3 A HATTELGEI , 10 5% BRI IR Y 52
B, AR ROR, LR TEN 20 s I ORI
SRR 0 T s TE LRV IBE 26 s B, He {5558 BE a5 5]
IR RAE I IR BRI FEZR VR B 60 s JEVEBLSE 42 o
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Table 2 Analytical results of mercury in geological samples

FREYMT Hg SEISHME Hg SRGMEE MRz
Pz (peg/g) (ng/g) (%)

GBW07447 0.015 0.015 0.0

GBW07449 0.008 0.009 12.5

GBW07450 0.020 0.018 -10.0

GBW07303 0.050 0.046 -8.0

GBWO07305 0. 100 0.090 -10.0

3 e
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On-line Determination of Hg ( II ) in Geological Samples by AFS after
Solid Phase Extraction Using Dithizone-modified Graphene Oxide/
Chitosan Composite Microspheres

ZHOU Hui-jun', SHUAI Qin'* , HUANG Yun-jie' , TANG Zhi-yong' , ZENG Meng’
(1. Faculty of Material Science and Chemistry, China University of Geosciences ( Wuhan) ,
Wuhan 430074, China;
2. Northwestern Geological Brigade of Jiangxi Geology & Mineral Resources Development Bureau,

Jiujiang 332000, China)

Highlights
* Uniform microspheres were prepared by dithizone-modified graphene oxide and chitosan composites.
* These microspheres were fabricated in a column for extracting mercury.
* Both the absorption and elution rate were higher than 90% .

* An analysis method combining on-line solid phase extraction with Atomic Fluorescence Spectrometry was

established for the determination of trace mercury in geological samples.

Abstract; Mercury can indicate the presence of deposits
or mineralization, which is an important tracer element of
geological processes, thus making the determination of
mercury very important. Due to the low abundance of
mercury in ore deposits, it is difficult to directly determine
and thus pre-separation enrichment is needed. Presently, 6»

Thiourea¢ Nitric acid

most of the separation and preconcentration methods are

off-line with a low degree of automation. Graphene oxide/
chitosan microspheres modified by dithizone were prepared

and applied as adsorption materials for solid phase {
Dithizone-modified graphene 88

extraction column. The effect of experimental parameters oxide/chitosan microsphere Y

.A....O @O

including acidity, adsorbent type, and adsorption volume

on the absorption efficiency was evaluated. Sampling/elution time and the sampling/elution rate during solid phase
extraction were optimized. Based on these conditions, an analytical method for the determination of trace mercury in
geological samples by on-line enrichment-atomic fluorescence spectrometry with solid phase extraction was
established. The results show that when the pH value is 3.0, the adsorption rate of mercury is more than 90% at
5 mL/min sampling rate. The elution rate was >95% when 20 g/L of thiourea and 1.0 mol/L HNO, were used as
elution solution and elution for 1 min at the rate of 1 mL/min. The working curve showed a good linear relationship
when the concentration was between 0. 050 pg/L and 5.0 pg/L. The enrichment factor was 22 and the detection
limit was 0. 0019 wg/L. The relative error of the measured value of Hg and the reference value was less than
+13% when this method was used to determine soil and sediment national standard materials. Compared with the
off-line analysis, this method has advantages such as high sensitivity and simple operation.

Key words: composite microspheres; solid phase extraction; on-line enrichment; Atomic Fluorescence

Spectrometry ; geological samples; Hg
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