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Determination of Arsenic Content in Tungsten Tailings by Potassium
Dichromate Titration Method with Sodium Hypophosphite Separation
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Abstract Tungsten tailings produced in mineral processing are piled up for a long time, and after being
washed by rain, the arsenic in tungsten tailings will enter the water and soil, causing environmental
pollution. Accurate determination of the arsenic content in tungsten tailings is conductive to monitoring the
degree of environmental pollution caused by arsenic in tungsten tailings. The sample was decomposed with

nitrate and potassium chlorate saturated solution and ammonium fluoride solution, and then smoked with
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sulfuric acid solution to drive out nitric acid. In hydrochloric acid medium, with copper sulfate as catalyst,
sodium hypophosphite was used to reduce arsenic ions to elemental state,and the precipitated arsenic was
filtered and separated to remove other impurities. In sulfuric acid solution, the dissolved elemental arsenic
was titrated with excess potassium dichromate standard solution,and the excess potassium dichromate was
reversed titrated with ferrous sulfate standard solution using sodium diphenylamine sulfonate as an
indicator. A method for the determination of arsenic content in tungsten tailings by sodium hypophosphite
separation-potassium dichromate volumetric method was established by optimizing the conditions of sample
dissolution and arsenic precipitation reduction. The effect of arsenic content in filtrate on the results of
arsenic determination was investigated, and arsenic content in the filtrate could be ignored. The results
showed that arsenic precipitated completely in the experiment. Arsenic was separated from impurity by
precipitation and filtration, and the influence of impurity on arsenic determination was eliminated. The
potassium dichromate volumetric method was used to determine arsenic in three tungsten tailings samples,
and the standard recovery test was carried out. The relative standard deviation (RSD, n = 11) of
determination results were between 0.14% and 2.1%. The spiked recoveries were between 97.0% and
101%. The method was simple, accurate and suitable for the determination of high arsenic content in

tungsten tailings. The results were basically consistent with those of alkali-melt separation and iodimetry.
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T R 40 5 W (100 g/ L) FRER 10 g FK & iR
By F 100 mL 7K 84,
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IR R e 4 R AL 8 A 1 000 mL 25 i
t, FUKFR B R 208 425 . fERRASI 25. 00 mL H 4%
R SR AR E VW T 300 mL HEJEHE . A 50 mL A
PRV W (146),10 mL SRR WL (1+ 1), 3 i — R
ik T 6 3 7 79 5 FH B 2 IV 4% s v V5 V0 28 0 W Tl 4R
0 R 4 A8 B e e R Ry 26 . g R N ) R T
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Table 1 Sample quantity

The mass fraction of arsenic/ % Sample mass/g
0.50—2.00 0.5

>2.00—5.00 0.3

=>5.00—10. 00 0.2

=>10. 00—30. 00 0.1

1.2.2 K& R 3%

08 48 K AP U VE RS AR AETE . A 50 mL
BRIR W (1-+6) , A% 2 & A 50. 00 mL 5% iR
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iR £ a8 ik g O R R bR v VS TR R
T FR 2% €0, ) 722 ol 2 0 BV SRy 28 5. AR AR ot e Y
JoT R A3 R IR R 2 RS AR TR VA R
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Table 2 Selection of standard solution

The mass fraction of arsenic/ %

K;Cr; 07 standard solution

FeSO, standard solution

0.5—5.00
=>5.00—30. 00

K, Cr;O; standard solution [

K, Cr,O; standard solution [|

FeSO, standard solution |
FeSO, standard solution [[
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MG 1 AR Z-1.Z-6 Wi~ 43 B A FE 6 20 i)
TS TR A4 R f i 1 - S TR B A R0 78 R A XA
Fofb 20 BR A% S0 7 WL EAT A L AR LR 3. i R
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Table 3 Effects of nitrate-potassium chlorate saturated solution dosage

Sample No. Amount of saturated solution added/mL Phenomenon Found w/ %
5 The sample was not completely dissolved 1. 06
71 10 Sample dissolution 1. 21
15 Sample dissolution 1. 26
20 Sample dissolution 1. 24
5 The sample was not completely dissolved 26.08
10 Sample dissolution 26. 68
z6 15 Sample dissolution 26. 65
20 Sample dissolution 26.63
2. 1.2 AR BV TR0 R R 3.0 mL F 1k B ¥ W, Ll 2D B % 5286 U7 1 b AT

R AR R BE R 52 4 T TRV RERT A — 2
0 TR AL BV WO A RE TR R . XU FR AR S B
AW BAL B IR TR AT T 5. IR Z-1.2-6
AR M.l mA 0,0.5.1.0,2.0,

PRAE SR LR A, I WAL G M4 Rk
B A 1. 0~3. 0 mL 6k B % W X BE 1 AR i
it 52 A VR WOTE e . S e 0 A Rk B I O AR
K 2.0 mL,

x4 AULRBROAERLM

Table 4 Effects of ammonium fluoride solution dosage

Sample No. Amount of ammonium fluoride solution added/mL Phenomenon Found w/%

0 Sample decomposition incompletely 1.01

0.5 Sample decomposition incompletely 1.12

Z-1 1.0 Sample decomposition completely 1.21
2.0 Sample decomposition completely 1. 25

3.0 Sample decomposition completely 1. 22

0 Sample decomposition incompletely 25.62

0.5 Sample decomposition incompletely 26.19

7-6 1.0 Sample decomposition completely 26.62
2.0 Sample decomposition completely 26.68

3.0 Sample decomposition completely 26.69

2. 1.3 BRERE WA H] B 5

30 Ao et FH R STV W98 2 0 2 W 1 0 A O
BATTR N, R T A R 2 5 A S S U S A
Hh e A o T DAV VR O BEAE AR AN R . 24 I il
P 5 B 3E o A — 2 B B RR VA VL AT A B R

FRBRIR . 3 3 i A (R AR A B R T kA7 B
b 25 B S0 Iy T AT A SRR 5, R 5 4
AT LA 43 I ARAR 10,15.20 mL W87 R I
VB IR i B R R R 2 & AR TRk, L4
FhE . TP WO AREL R 15 mL,
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Table 5 Effects of sulfuric acid solution dosage

Sample No. Amount of sulfuric acid solution added/mL Phenomenon Found w/ %
5 Smoking not obviously,a little splash 1.13
10 Smoking clearly,no splashes 1.21
1 15 Smoking clearly,no splashes 1. 25
20 Smoking clearly,no splashes 1. 22
5 Smoking not obviously.no splashes 26.12
76 10 Smoking clearly,no splashes 26. 66
15 Smoking clearly,no splashes 26.63
20 Smoking clearly,no splashes 26.69

2.2 HRBEIEEZGNERE
2.2.1 R R

FERRTRPE IS5 1T R 4R LA St AR E
e R ) SR Ak AR 5 R ol TR i S
SE4AT. T SRR MR Y R AR Ak R R ROR 1 B
M) S5 50 308 3o o AN TR AR 1 1 o At 2 B e 51 56
T BEATERAE AR LR 6, 6 ZEIRATLIF .
IR 20 ~40 mL B, 25 Rl FRoE , &£
RHV VR B TR B LU A 5, A R T L i ST 4
T AT A L S e R ER BRI AR LR 30 mL,

30,40 min PUABF ] B AT S5 A S 50 X Z-1.2-6
AN R RE S b B S R AT T L 25 R LR 8,
WAL 25 AT LUE L S S A E D 10 min B @
S5 A s # 5 1F [B] 7 20 ~40 min B, I 5E 25 51
TROE . AESCIR VO N Bl ] A BG4 BRI
E ST 4 R T R UE 5 SR A% o B 1 LA B Y A B ], S
50 %6 ¢ 16 I B (R] 4 30 min,

R7 MEBRERKKAERN

Table 7 Effects of copper sulfate solution dosage

Amount of copper sulfate

Sample No. Found w/ %
- , ampie solution added/mL el
o6 HBASEHIM 5 o1
Table 6 Effects of hydrochloric acid dosage 0.5 1.12
Z-1
s e N Amount of hydrochloric Found o/ % 1.0 1. 26
DAMPIE O- acid added/mL ound @/ 7 2.0 1. 21
10 1. 15 0 24. 69
20 1. 21 0.5 26.01
Z-1 7-6
30 1. 26 1.0 26. 64
40 1. 24 2.0 26. 66
10 22.56
, 20 26.58 *8 EEHEMBENFM
—6
30 26. 68 Table 8 Effects of constant temperature standing time
40 26. 70

2.2.2 T TR AR VA T FH R )

i T2 A 2 7 3% v R A AR VE R T P A A S
B Ry PR Sy T B S R VA VR T P X R
PRI 5 R (4 8 i 33 A 0,0.5.1.0,2.0 mL
T T A0 V5 VAR o At 20 R 4% S 00 5 AT HRAE L A R DL
FT, WMAER TR LUE B YRR O A
oA 0.0.5 mL B, BB TR RE DR A T SR T
fft, S BORE P A 2 SRR AR . B TR A I O A R
J91.0.2.0 mL B ff 2 - PR i T g S B A 0

LR TR . S0 e PR AT R AR A WO AR R
5 1.0 mL,
2.2.3 fH IR E R AR R

TE TN FA PR 0 T 0 v ) i 8 Sy B4 J5 A I 3
o 0 1 I ) AT TR, 2 Bl Xk 10,20,

Constant temperature

Sample No. . . . Found w/ %
standing time/min
10 1.11
20 1.21
Z-1
30 1. 23
40 1. 26
10 25.19
20 26.61
7-6
30 26. 69
40 26. 64

2.3 BRTHSENIIE

S ik AR e, 2O A DTS 5E A
RYCTE (9 i 25 1 1] B 2> Wi 98 20U b, O 17 R IIE
S5 00 R n] LA 0 2 R P A R L R
8 TR0 A A S 45 R B e AR E— AP
Wi T UL R R e . K Z-1.2-5.7-6
=R ah 1 IR S0 P BROE AT #R AR a2 ) ICP-
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Table 9 Effects of arsenic content in filtrate

Found of arsenic in

Sample No.

filtrate w/ %

Found of arsenic in the

samples w/ %

Z-1 0. 005 9
Z-5 0. 010
Z-6 0.032

1. 25
6.79
26. 65

2.4 FHETEHFM

R A A% 5 0 3 0 B i R - Ca(20%0)
Fe(30%)  Al(10%) W (2%).Cu(2%).Zn(5%) .
S(25%) F(10%).Si(30%) . Zr B % W 3 1 &
2.5 mg#l 30 mg [ B 1 V5 W, I 43 4% 2 10
NS R LA B o 4 S0 AT A L AR
AE B R A S B0 E 0 T PR O, DU A AR WL SR
10, 3 10 AL H S A 35 5 00 A o V5 V00 7 1L
FIRIXF IR ETE — 1. 2% ~1. 6 %, 7] DLAS A A S rh iy
AP B 30 1 UUVE J3 B B Bk 2, o) it 5 2 7 00 5 I

=
=

F10 FHETEMZ

Table 10 Effects of interfering elements

Amount of arsenic in standard solution/mg Amount of co-existing ions added/mg Found of arsenic w/mg RE/%
2.5 100 mg Ca,150 mg Fe,50 mg Al, 2.47 —1.20
2.5 10 mg W,10 mg Cu,25 mg Zn, 2.48 —0. 80
2.5 400 mg SO.2 .50 mg F.150 mg Si 2.54 1. 60
30 20 mg Ca,30 mg Fe,10 mg Al, 29. 81 —0.63
30 2 mg W.2 mg Cu,5 mg Zn, 29.75 —0.83
30 80 mg SO,% ,10 mg F,30 mg Si 29.71 —0.97

2.5 RBERESIIMERE WL

MRS J7 2, Sy R Z2-1.2-5.7-6 =R
A RE R O B EA TSP AT I E 11 U, IR EAT TR AR AR

ISz u e LE SR L3 11, B2 11 v IE W R
ml PR S S A5 R A0 A X R E R 22 (RSD) 1E
0. 14 % ~2. 1% b IR AE 97. 0% ~101 %,

R 11 FEBEEMMREREE
Table 11 Precision of the method and spiked recovery of the method(rn=11)
Sample No. Found w/ % Average/ % SD/% RSD/% Added/ % Total found/%  Recoveries/ %
1.25 1.20 1.22 0.5 1.73 98. 0
1.21 1.28 1.23
Z-1 1. 24 0.025 2.1 1.0 2.25 101
1.27 1.26 1.23
1.24 1.26 2.0 3.22 99.0
6.77 6.73 6.79
3.0 9. 66 97.0
6.71 6.69 6.80
Z-5 6.75 0. 045 0.67
6.73 6.78 6.71
6.0 12.63 98. 0
6.82 6.70
26.61 26.69 26.66
26.61 26.71 26.65
Z-6 26. 66 0. 037 0. 14 10. 0 36. 56 99. 0
26.63 26.67 26.72
26.64 26.66

2.6 FHEKEIEKRE

M T8 AT B AN I B R BT O T PR UEZS
RAHETTE A Z-1.7-5.7-6 = DR 543 il 4%

R S 58 Ty vk AT U S R G S - v AT
SE S R EER LR 12, W3 12 af LU H, P RP 7 3k
4 R A — 2,
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