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2. Aedb b R A H 0y, R 300170)

WE., Ry 2 TR REms = KR, SV L S xTB 2 AT W FIiEMFe i oA A A €
BEL, WER A PAA T AN B 2B RARE Ry XA RS B RIEASE B T RASR
%% (ICP-OES) #4744 M|, MO BRE A BB EES MR T AFHERBIK, B EF TR TR, RA
TPk ] | LY 2 R B Pk L E ARG AT AR F AT, RO E A AT AR 3
BRILIR P Am N EDTA fo = LB A S AR A A, 55k PSS THREASY A ZE R T 5
ARG AAEM R o) T, FRALT ST F o4&, T A A 2 AT XA R T R,
ARAFTHRRERKCEAKRERT EALENEL TR, MEBREEAX RHKT 0.9995, 7 4 h R 4h
A 0.70pg/g, 424 0.58pg/ g, AR /B M 25 R AR EZ A 1.47% ~ 1. 82% , A8 3T 474k £ (RSD,n=12)
H1.32%~1.78%., %7 ikIRARE AR 98 4 HH B) B M S &) g AL A g e b A br K,

K. A B AT BN, EDTA; = L8k, ©RISAE B TIRA S %

T

(1) AR BB AR St T4 38 @it ICP-OES 52 3L T 4h4L 7T 4 %9 B Bl 52

(2) 128 EDTA A= = LB B A i VR A H W |, A 20 IR T 260 F e aTahak oyl 2 F 4,

(3) Fixt th Al 0. 70ng/g, 424 0. 58wg/g, T it R A B 4 Fo ] & K

hE4ES: 0657.31 M EKFRINES: B
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OES ) %5 75 PA gl )32 g FH T4l Ak o A il e 7%
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YRV I RZ I, XRE 25900 fh a4 B9 i oo
FACRAME WO DOk 200 T IR L i
AN AT, AR AT BN E B, ICP-OES 7%
A H FRALG SRR /0N 000 95 8 v s s R T R
4 20ng/mL, 7EfH EE 434 b BRIt
12N T AR AT (i AR AT

i N T e 7 s = | AV
i Ak B A e 0 BRI T B kT A
THOM T s o 0 RV B AT (o (H S it 5 %
HEEM RN 5 4, S 8000 2 09 4l L &L 5 2
o A e it TV L 58 4, AT DA B KR 43
AETOR, BRS T AR SR, B AL #7290
Ko, Bt 8oy 8 & R BRIl , Jo ik 5 ol | g
JCER BRI E A SCHE R N TAERRAR B SR
TR T AR R R A AL L R R B IBOR
A EDTA Fl = C T IR A 1 WA S BRI T B
THEAETTER Fe XPAHTME T-H, R FH B W05 55
RALUHED 5T, S T —Fh ICP-OES [R] bl i b
FRUERET Al R TT R I E O AR E R R ST
Ik,

1 SRS
1.1 X B LA

Optima 8300 4% 13 HLBAN & 45 B8 T 1R & 4
FEiEAY (35 H PerkinElmer 23] ) , SCD Kl 2%, & 4
M + o7 22 X 55 Ak A% (it &5 4R ), Winlab32 # 1
L7 QLN

A TARESAE S0 A AR A8 TR 1. 3kW, 2 4
S (Ar) L 12L/min, 55 6 (Ar) i 0. 71L/min,
R (Ar) Wik 0. 2L/min, AL 1. OmL/min,
HEREEF ] 30s,,

AR BT M EOR T 99.999%

Mars 6 = 18 5 25 A S0 TE A (€ & CEM
NEIDIN
1.2 bRAEAT I A

Bl A BRLIT 2 AR E G A VA T YR BB 38R 1000
pg/mL, 14 5 E R R B

SRR FhR IR o T, W A AL RS AT
Kb B A BR A A

PSR AR, M [ T 2R AL T AT BR AR

O VY R AN < A3 M Al W A T KU AR
AT RHE A BRA A,

O AT Al W R TT R R
AIRAF

BRAEHOR O C ) FREX 50.0 g & W2V 2R —
H1(EDTA) F 2000 mL BEFFH, JILA 500 mL = 2,7
JHe (1500 mL 2818 /K , B8 Sl 2 g 4

FE TR HBEE=18MQ - cm,

1.3 PRSP %

DLh & s G i e i R — b
Yl GBWO04101 (HHARIE(E R 3.29%) it & 5K
WA A1 BT 53 B B K — AR HEP it GBW04106
(AEARHEM N 0. 156%) , DL K R 22 37 43 s I 3R bt
HRTLRD 5 BB S PR i (0 T ) A A B2
N <T4pm) HFTERG,

FREX 0. 1000g A & T T fite e b, F /Dt 25
BT AKIRIE S, 8N 3mL 52 | ImL iR 4mL
SRR , T 5 e B0 R T I T R A e
1 AR TR AR AT IS A

1 PRI R T

Table 1 Program of microwave digestion

Tl 1] BY/ES L LA ]

(min) (W) (C) (min)
1 5 1200 100 0
2 5 1200 130 5
3 5 1200 180 20

R PATIE 5 R AT 35, 258 TR T
WS BRI I HM T A ImL & AR5,
BT 150°C f R IR i, i A E RS WA EE
FIA 5SmL EhFR Sml KB 1K, R ARG sk, BCTH
BHG B RFA 250mL RS, A 10mL £
FEHGR , H 10% ERFRISWUESS 1851 100
1.4 bl R A HCH]

T Al Ak BR T R AR A 550 W8 R R T T
A 5 (0.5.10,20 .50, 100wg/mL) T & b5 HE TR TR
FI, AR W 3 BN 20mL 14 50% 7R ¥
WRVCHL LR SR ICP-OES X} 25 (4 K by i v v ok
TR . DA R e R T vk R AR AR, (5 55 o
EA DA AR, 2 AR v il 2 Bl o0 2 b v il £ A0 G
FEH 0. 9996, £ TT F Ar AE il L AH OC R Bl
0. 9999, i /2 7 HTEK

2 gRSHWw
2.1 FEAALPET AR PR
= LRGN, 7 5 5 RO BB T A
KA A TUHE , TG HERAE T, SORE Al AR R
— 799 —



5 1] HO

moot
Y 2022 4

http;//www. ykes. ac. cn

TRV Ml = CRE AR OSCR B4 . ARG =Fh 7
P AL R i 0 A0 FRACR | e Ut AL
o BRI A1 B0 0 W B R — bR v Bt GBW04106
(U A RHEAEE R 0. 0504%+0. 0013% , Th & HE
{4 0. 156%x0. 003% ) 43 51| R BUEIR IR AE R | £h
2 e AR TR G IR 1Y W 1 BRI | vy R 2% AT i | e
T =y A TRE A AR B, 28 1CP-OFES W& J5 45
R 2,

%2 ERbRHED R CBW04106 A [l RE 54 43 i J5 X
VA

Table 2 Analytical results of elements in GBW04106 dissoluted

with different digestion methods

er e FHRR L VEAERS ] AR B AR (E
W
(mL) (h) (°c) (%) (%)
R A 25 4 160 0. 0476 0.137
FEEAER 2.5 27 190 0. 0502 0.157
UL T i 8 1.5 180 0. 0495 0. 151
FH 2% 2 TN, T PR A BT Al B I 45 SR I
1%, X ULBARE S D BRI 5, A AN 5t 4, BLTE

FFER S 5y 1 OT B & AR R R
VA 31 i 0 5 8 SR A o f B4 VT A R e R
P D2 B0 A %) 10 FpoCE | SRR S o8
4 ABIX R RN TR AN id A KAt A i 0
BT o AW T 12000 2 235 SRR 0, U W 2% 32k T {0
oot 4, INFEIA AR RIS e 2 43 A
W e R i A B 2% S RO B P ) Al gk A
G0 UG TIRGFRIROCR . TIBOE R R D 5
FERF RS, AT Xl b 0 ) it | B AR 25 1 58 421
JEINREE K, PR AR SR ORI T il XA o A 7
ULSLI
2.2 Hprikkmitst

GBI A A R e 2 D5 SR A
PRI, AT 2k IR PR L 255 25 JE T 3R A H FR 3t
FRRNT ST IER R flife ICP-O0ES
TS A 367. 007nm 385. 958nm |

3 [ESARIER GBW04106 TEANN i T Bl &5 4

393.203nm 409. 014nm, %7€ ICP-OES % F 1443
Mrit 2k A 283. 730nm . 339. 204nm 401. 913nm, 7 5
ESXTFRUED) BT GBWO4106 4% 1. 3 7 BRAL BR S 76 R
[T T AT Mg R L 3,

AR R 5 F AR D TR PR L
R LU, 1 2 Bl 3 BT i 2 409. 014 nm, &L 1)
IIMTRELZE R 401. 913 nm, A SZHG Al A3 B i £k Y
PEFR Li 21 LTS a0 w1 1Y 6l T SR AR Y
Mg 2 Je — B0 L i 2 1 #5 55 Sengupta
A0V 1 SRR 9 A2 Y 52 T M BN B A Y 4 A
TR — B0 s B HL T 7E T Optima 8000 7 1CP -
OES X4l Ak 5 Bef R 17 1) 22 i 2 A 0 bR ok i
THR T i e F T [RAE ol BLIE L, UARHA
SEERRF ICP-OES M fh Ak rhif e T4ty i 5% 5 )
ik #E A E 5k,
2.3 PoLHER TR

ELITCEAE 401. 913nm Kb 43 B 1% 50 40 & 1a 7
N, B E T, AR Optima 8300 & St A4-10 1
PR IE RECA SIEE T 45 3 A BB 1 3 Af
JCER IR T, R B 0 20 A T R A T SR
1E, AT BRI T ST

Hl19C Z 7E 409. 014nm 2043 BT 15 0 40 &1 1b Fir
TR AEME R o Z XA IE T, XiREER
PHE T ICP-OES MllE A8 Hah i 43 14, ik B %
W BE AR 100mg/L B, H = 30 fidf Al vk B o 13 Ky
0.018mg/L, WhARIGN A b 1)k & i B, TE U
KRR TP B

EDTA Fl = Z BERE AT 5 9 W 48 T8 il 4%
HW, NS B HROBOR . o T S IR B b T B 4k
XA I E T, AR 525 43 SR FHAE Spe/mL
10pg/mL 1) il Bk #E %5 W H A 100mg/L #1200
mg/L IEKER I AR, SR 5 R FH ICP - OES 7E
367.007nm . 385. 958nm . 393. 203nm . 409. 014nm 4t
XTRHAES I , DAL o I A R Ay
ELER I 4,

Table 3 Analytical results of elements in GBW04106 by different spectral lines

FRUE( ARIEZ T GBWO04106 H 4l i 72 {E (%) bR (E RIS GBW04106 Hk i & 8 (%)
(%) 367.007nm 385.958nm 393.203nm 409. 014nm (%) 283.730nm 339. 204nm 401.913n
0. 0504 0.0257 0.0611 0.124 0. 0498 0. 156 0.097 0.182 0.153
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1.0x10*

Th 401.913nm

-1.01x10°
401.809

A (om) 402.000

(a) BEAI (D) BT/ Breifi P

Analytical line spectra of (a) thorium and (b) uranium

P 1
Fig. 1

24 ATTIREMAA R i ME 858

1.45%10°

(b) Fe 409.008nm

U 409.014nm

-1.5x10*

408.547 409.110

A (nm)

Table 4  Analytical results of uranium with different masking agents in the presence of iron interference

5pg/mL FARAEA R TP A DN (pe/g) 10 g/ mL SlBR VRl (8 (g/g)

Ir BTG LER 1 S 2 LR 3 LR 1 LR 2 LER3
(nm) HIAR AR R i Fe®* JnHERR R BRI W i ket i TR
(5ug/mL) (100mg/LL) (10mL) (10pg/mL) (200mg/L.) (10mL)

367.007 4.897 6. 102 5.237 9.883 11.21 10.25

385.958 5.023 5.933 5.253 10. 13 10. 88 10.27

393.203 5.012 5.935 5.398 10.25 10.91 10.31

409.014 5.003 5.698 4.987 10.05 10.73 10.03

i S 5 25 R AT AL, Bk vk AR 100mg/L F
200mg/L i, HHTE 4 2500 Al 2 B il e 2432 T4,
A EDTA+ = ZEEREHS T, Bl 0 0 45 SR 115 3]
B, 7E 409. 014nm Kb 2 45 R feflt ., Rt
Ak H EDTA+ = CFERIR G 1 WA E WA

FEXF AFE SCHR A B 58 v & 3, 6 A (400
T I35 22, 0 7 58 06 26120 SR A 125 1CP -
OES Il -3 rp i L), i = L Bl -EDTA 1R &
WHEAT SR LA B T4 . AHASCSLge vh  £RAE A
BRER J5 R0 A 2 SR A B R Bl R TR
ANBLS , R TP A X AT 1HE
2.4 kKGR

JFHAH ] A A6 it Ak 3L 3k SR8 ok 2% 2, % 25
T SE SRR AS IR 12 WK, LA 3 f bt 22118
A TCER R, A R 0. 70pg/g, A1 4G H B
M 0.58pg/g, FIRFETY UM O R IE ICP-OES %
D7 1l oA b g i, TR R R D 0. 72
e/ g ZE DS 2505 DL I R IS TCP — OES 125 I 5 iy

JkE b i B B B, T kRt FR 0. 69pe/g;
T LI 1CP—OES 321 & 41 i il 2t 25 i
FrERG R N 1. 26pe/g. oG LA PRV VETIA
AR Z | T L5 i BR KOS B R AR SR 1Y)
x4 BIR WA T 0 11 R VS 1, BR S WG 2 D 5 LA B 4y
MR 7K
2.5 JFILUERRE AR %R

S E R AR EY R GBWO04101 . GBW04106, Fi Id
1.3 AT RE ST AL, 43 B0 R 12 0y AT RE f
B I T B RORS 4% B, TR 45 R L3k 5. R
o I BT A5 A5 A T AR, % O TR A R 25 R
1.47% ~ 1. 82% , AH X bR il 22 (RSD) 24 1. 32% ~
1.78% , %7 % 45 AT Martins 257 R
FR 7% ICP - OES % 7F 409. 014nm A& W 5 4h1, 7F
401. 913nm Kb E £L S5 R 2 OB, A7 s i
i RO 238 FEE A B A L s o L SR 7 S 36 25 4k
R BTG (DZ/T 0130—2006) 1 Z3K | BE 4% i
SERP AV A TR BT ERR
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HIGHLIGHTS

(1) The samples were treated by microwave digestion techniques, and the simultaneous determination of uranium
and thorium elements was realized by ICP-OES.

(2) The mixed solution of EDTA and triethanolamine was used as a masking agent to effectively eliminate the
interference of coexisting elemental iron on the determination of uranium and thorium.

(3) The detection limits of uranium and thorium are 0. 70pg/g, and 0. 58pug/g, respectively, which meet the

requirements of uranium sample determination.

ABSTRACT

BACKGROUND: Sandstone—type uranium deposits are important strategic mineral resource. Rapid and accurate
analysis of uranium and thorium content is of great significance to the evaluation and comprehensive utilization of
this type of deposit. At present, the analysis of uranium and thorium is mainly determined by acid dissolution and
alkali fusion methods to decompose samples. For the open acid dissolution method, the decomposition is often
incomplete, resulting in lower results. The alkali fusion process is lengthy, which is not conducive to rapid
detection. In addition, the high content of iron elements in sandstone type uranium deposits interfere with the
measurement of uranium and thorium.

OBJECTIVES: To develop a method which can determine uranium and thorium in sandstone uranium deposits by
inductively coupled plasma—optical emission spectrometry (ICP-OES) with microwave digestion.

METHODS; The samples were treated by microwave digestion technology, EDTA and triethanolamine mixed
solution were added to the hydrochloric acid extract as masking agents to form a complex with iron ions in the
solution, which effectively eliminated the interference of coexisting elemental iron on the determination of uranium
and thorium. The experiment optimized the analytical spectral lines of each element, compared the amount of
masking agent to obtain the best conditions, and basically eliminated the spectral line interference of coexisting
elements by using the interference correction coefficient method.

RESULTS; The linear correlation coefficients of standard curves were greater than 0. 9995, and the detection limit
of uranium and thorium were 0. 70pg/g, and 0. 58wg/g, respectively. The relative error of the determination
results of reference materials was 1. 47% — 1. 82% and the relative standard deviation ( RSD, n = 12) was
1.32%-1.78%.

CONCLUSIONS:; The method is simple to operate, effectively masking the interference of iron on uranium and
thorium, and can be used to accurately complete the simultaneous determination of uranium and thorium in

sandstone—type uranium deposits.

KEY WORDS; sandstone uranium ore ; microwave digestion; EDTA ; triethanolamine ; inductively coupled plasma

—optical emission spectrometry
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