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ABSTRACT Taking six typical associated ore waste samples as the research object, the thorium content in the
samples was determined by spectrophotometry and the factors affecting the test results were analyzed. Three factors
that may obviously affect the accuracy of the results were selected and optimized the experimental conditions by
controlling variates, and the results were compared with inductively coupled plasma mass spectrometry and gamma

spectrometry to prove the reliability of the optimization method. The results showed that the main affecting factors
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in the sample were the digestion frequency, colorimetric time, and residual extractant. The detection accuracy and

efficiency of thorium in the six typical associated ore residues were improved by increasing the digestion frequency

to 3 times, ensuring a colorimetric time of 3 min to 5 min, and adding hydrogen peroxide and perchloric acid to

remove the extractant.

KEYWORDS Thorium, Typical associated ore, Spectrophotometry, Comparative experiment
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Table 1 Verification of factors that may affect the results during the experimental process
FALIEES AEtas | R AEHE
Influence factors Unqualifi- | Influence factors Unqualifi-
ed quantity ed quantity
ARIFILERDL 0 TH ARSI A4 K 0

Unconfirmed instrument condition

H/E A2 Unskilled in operation

L il A A 7E i Inaccurate reagents

T RS P T 22

Temperature difference of digestion equipment
3R 2 JR i Leakage of separatory funnel 1
6 JE TP REAS A #3K Unqualified photometer

I8 IR il IR A — B

Inconsistent wind speed in fume hood

TR FH 7K 41 A% Insufficient purity of test water 0

Digestion of environmental temperature changes
TG AN Gt — Different reagent quantities 0
FE 5% B A HL 57 Sample residual extractant 11
HEHMOIEA L 18
Insufficient repeated digestion times

PR 140 £ A% Insufficient purity of acid 0
KLU 7 & 7 8 Quality issues with extractants

Bk iR AT

Poor linearity of standard curve

Eb €5 (]34 Colorimetric time too long 9
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Table 2 Thorium content detected in each sample under different digestion times (mg-kg™)
T A FR MEE 1 Mea-  IEMEH 2 Mea-  WE(E3 Mea-  IEMEH4 Mea-  WI%E{H 5 Mea-
Slag name sured value 1 sured value 2 sured value 3 sured value 4 sured value 5
BEIR Zine waste residue 6.03 7.38 8.66 8.52 8.61
HIW" [ Copper mine waste residue  9.01 9.76 10.70 10.60 10.40
AT Vanadium ore waste 5.78 8.79 9.31 9.28 9.25
B TR Lead ore waste 523 6.09 6.45 6.53 6.63
SRR Mercury ore waste 2.01 2.08 233 2.41 2.27
KA HRA Titanium smelting slag 327 377 410 415 405
[ x4 National standard GBW04119 10.1 11.5 11.9 11.8 11.7
18.0 450
XZinc waste

v_é’ 16.0 | o - [ ] 1 400 residue
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Fig.1 Concentration curves of thorium content detected in each sample under different digestion times
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Table 3 Absorbance measurements of thorium solutions at different concentrations at different colorimetric time

ISF[E] / min EH AR / (ug-mL") Concentration of thorium solution

Time 0.05 0.20 0.60
1 0.056 0.235 0.684
2 0.061 0.248 0.695
3 0.063 0.249 0.695
4 0.063 0.248 0.695
5 0.062 0.245 0.694
6 0.059 0.243 0.691
7 0.056 0.240 0.689
8 0.054 0.237 0.687
9 0.051 0.234 0.684
10 0.048 0.231 0.683

M3 T LUE H, BRI RGN, RO
¥R JG kb, 7E 3~5 min B IR O B A B B s, FEIE
HOEFE], WG FEAR I AR AR, W L i b € ) TR
% (4+1) min.

24 FEaFXBEERGIRE R 24T

FERER K e ZE MU FE vp, R = 1E 3 A
AL G NFE VAR, SECHBL WA %,
TENANAB I, 540 SO S 3 A8 €8 17 52 0

WeOERE . PRIk, R FH NN R BSR4 7K T A 2 L7
(R it , 1 B A5 ER IO B R e o 4 s A6 B
Je IR ST R B 50 mL BedR A, DLHL AR A TH
R A, CEAH A TR SR A T, N IE & 1 XU
KA SRS, 7E110 °CNH#HTHM, JRIWERZ
Ja, FHE A 180 °C, FFLk N E B M+
“GHAE” R .

MR A4TE L, EIMAGEEIA KR &R RE
FRFERGH 2 fa, FE e EA S BTt

Rd R R SR R BT AY 5 R P e R B

Table 4 Determination values of thorium content in samples before and after the use of

hydrogen peroxide and perchloric acid digestion extractants (mgkg™)
it 44 R B BWRGE B WA RVHEE RS
Slag name Zinc waste Copper mine ~ Vanadium Lead ore Mercury ore Titanium National standard
residue waste residue  ore waste  waste waste smelting slag  GBW04119
TH MR RT I E fH Measured  6.15 9.12 6.35 5.68 1.45 329 10.4
value before digestion
JH A 5 052 16 Measured  8.66 10.7 9.31 6.45 2.33 410 11.9

value after digestion

2.5 SERLERR

B R R S E )6 R FE A BT R VRN
GBWO4119 br#EY B BT A3 09 21 AN 21T 047, 6

LA IR K 25 B 4 0.38%~1.93%, FriEW)m 4
FRAEERTEE N . R SATA, SRS Bl
AR, IR R,
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Table 5 Analysis of measurement results after experimental optimization

¥ A R MEE L e 2 T3 FHME AR AR ED AR / %

Slag name /(mg'kg™)  /(mgkg") /(mgkg") /(mgkg") 7 /% Rela- Rate of
Measured Measured Measured Average tive standard recovery
value 1 value 2 value 3 value deviation

£ R Zine waste residue 8.66 8.64 8.72 8.67 0.48 99.3

HH & ¥ Copper mine waste residue  10.7 10.8 10.6 10.7 0.93 87.2

HLI" PR Vanadium ore waste 9.19 9.26 9.24 9.23 0.39 104.9

By K Lead ore waste 6.64 6.62 6.68 6.65 0.46 96.8

TRI I Mercury ore waste 2.21 2.29 2.28 2.26 1.93 84.7

KA R Titanium smelting slag 403 401 404 403 0.38 95.2

[l 474 National standard GBW04119  11.7 11.8 12.1 11.9 0.84 99.4

=ML ER

LR TR, hZ 5 A AERT R A [R] AR5
KA B B EAREYD BT, 1 E R GBW04119
TETH AR, T8 V8 S B A R S VS B L 5 1E
AN REAHEAE . EARY GBW04119 B2 5
JEUER R, AREIE B v E Va5

2.6

PR GBWO4119 AL L 5t A% 75 B FE o AR A
SN BB A S5 B AR T VR A i gl y R Akt
ITEE RS, Loxd g R RS IO AL 6 Fh g R P AR 7 IR
TERE M AR B e A FE 45 B HERTE, Ko N
SROTIETEE R AR 6 R RN, =R AN
5E M 25 FAR N AR AE I ZE 1R T 5%, 0 B
et B A& T SE

6 =MARTTE RS R R AR AR AR 2
Table 6 Comparison results and relative standard deviation of three different methods

RS2 ibiev i RFS ICP-MS i YL/ (mgkg™)  AHRARERZE / %

Slag name / (mgkg™) / (mgkg™) v Spectrometer Relative standard
Spectrophotometry ~ ICP-MS method method deviation

£ R Zine waste residue 8.67 8.88 8.75 1.2

HH" P& Copper mine waste residue ~ 10.7 10.9 113 2.8

T R Vanadium ore waste 9.23 9.25 9.27 0.2

B IR Lead ore waste 6.65 6.73 6.65 0.7

KA PR # Mercury ore waste 2.26 2.46 2.30 4.5

RIB I Titanium smelting slag 403 408 406 0.6

[E/ 4747 National standard GBWO04119  11.9 11.7 11.9 1.0

AW TOE L P AR, R AR AR
L R HERR I E TR IEAT TRIETE, 195 T 3 AN
T e 25 R0 3 B 2O R MR K Bt [a]
ATVRE it 7k B A IR o A N )R R 6 Mt D = 0 it
R IR R, SR IRECN 3 ks e
BU BT 8]0 3~5 min;  VH iff ) OO it 75 N XUSEK

A SRR BEAT PR M o ASHIE 70 &85 SRR PR AR U
B P R A HE RS DI E R S E A
WA TBUR T B AL PN AL B SRS 5

EHTMFER AARBEFLEZFLUT G E
MR, #HETFWN. XESY REMAE
HR, FARATERR RS, FHRAR
WX EE fug ik ey st BUR TR R R A
AT
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