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Determination of redox potential of uranium geological samples by
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Abstract: To accurately measure the oxidation-reduction potential of uranium ore geological samples, this
study try to explore a better measurement method and experimental conditions by comparing and analyzing the
application effects of the acidic potassium dichromate method and the alkaline potassium permanganate
method in the measurement of the oxidation-reduction potential of uranium ore geological samples. The
potential drop method was used to systematically conduct a multi-dimensional comparison between the acidic

potassium dichromate method and the alkaline potassium permanganate method. The aspects of comparison
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included solution stability, optimal solution concentration, sample soaking time, solid — liquid ratio, and
electrode equilibrium time. The sample soaking time and electrode equilibrium time of the alkaline potassium
permanganate method are shorter than those of the acidic potassium dichromate method, allowing it to reach a
stable and reliable potential value more quickly. For strongly reducing samples, the AEh value obtained by
the acidic potassium dichromate method is larger. However, the evaluation conclusions of the two methods
regarding the reduction ability of the samples are consistent. Nevertheless, the precision of the alkaline
potassium permanganate method is better. The optimal experimental conditions for the alkaline potassium
permanganate method are as follows: a concentration of 0.03 mol* L™, a sample soaking time of 1.5 h, a solid—
liquid ratio of 1:25, an electrode equilibrium time of 5 min, a reaction medium of 0.2 % potassium hydroxide
solution, and a temperature of (25+1) °C. The AEh value measured by this method is basically consistent with
the judgment results of the oxidation — reduction environment by the oxidation coefficient method (Fe**/Fe’"),
and is also basically consistent with the color of the samples.Based on comprehensive experimental indicators,
the overall performance of the alkaline potassium permanganate method is superior to that of the acidic
potassium dichromate method in the measurement of the oxidation — reduction potential of uranium ore
geological samples. By adopting the optimal experimental conditions, the accurate measurement of the

oxidation — reduction potential of uranium geological samples is achieved, providing reliable technical support

for uranium ore geological research.
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Table 1 The stability of alkaline potassium permanganate solution with different concentrations

¢/ (mol-L7") thmin "
10 20 30 60 120 240 1 2 3 4 5 6 7
0.01 520 515 495 484 492 475 448 450 438 435 440 443 450
0.02 528 525 511 506 509 504 487 486 481 483 482 480 484
0.03 522 518 512 509 501 508 505 498 488 488 490 485 490
0.04 518 509 506 517 498 503 496 490 485 486 487 483 484
0.05 501 496 519 508 515 504 488 490 486 486 486 484 488
0.10 507 505 518 513 514 508 501 502 498 497 497 495 498
0.15 507 505 509 521 516 503 500 500 498 498 499 497 500
0.20 522 521 521 531 524 518 517 515 512 511 511 509 511
0.25 518 533 532 532 514 514 513 510 509 508 509 507 508
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Table 2 The stability of acidic potassium dichromate solutions with different concentrations

o (mol-1-) t/min t/d
10 20 30 60 120 240 1 2 3 4 5 6 7
0.02 934 975 989 990 999 1008 1001 995 994 988 996 989 986
0.03 978 993 1000 1003 1011 1018 1013 1013 1016 1015 1012 1014 1009
0.04 981 998 1004 1005 1005 1017 1018 1014 1019 1017 1015 1012 1014
0.05 987 996 1002 1008 1016 1023 1022 1019 1025 1018 1018 1015 1017
0.06 991 1010 1011 1012 1017 1025 1028 1027 1029 1026 1025 1020 1019
0.07 990 1003 1003 1008 1005 1020 1024 1019 1019 1021 1020 1019 1017
0.08 992 1007 1006 1009 1011 1021 1024 1018 1022 1020 1021 1015 1018
0.09 992 1010 1008 1010 1013 1020 1024 1021 1023 1022 1019 1018 1020
0.10 993 1007 1005 1006 1009 1019 1025 1021 1023 1021 1022 1021 1019
0.15 1000 1007 1007 1013 1015 1020 1026 1022 1025 1024 1021 1020 1019
0.20 1 001 1 008 1010 1017 1019 1021 1027 1021 1028 1025 1 025 1022 1023
0.25 1010 1015 1016 1017 1018 1026 1028 1027 1030 1028 1023 1029 1024
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Table 3 The maximum AEh of five samples in alkaline potassium permanganate solutions with different concentrations

¢/ (mol-L7")

o)

0.002 0.005 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
FEd 1 58 58 63 70 76 74 71 68 63 58 49 46
b 2 62 63 65 71 78 74 74 68 68 66 54 50
b 3 58 61 63 66 73 73 71 67 66 62 49 42
e 4 32 34 36 39 44 40 41 32 36 34 22 19
Fedh 5 28 30 28 30 33 30 30 28 27 30 16 12
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Table 4 The AEh of the samples at different immersion times
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15 75 76 70 40 31
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4.0 68 71 67 41 31
5.0 54 68 65 40 31
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Table 5 The AEh of sample 2 at different times under different concentrations of 1/6 potassium dichromate
¢/ (mol-L7")
t/h
0.05 0.06 0.07 0.08 0.09 0.10 0.12 0.15 0.20
0.5 53 54 58 59 50 49 49 47 41
1.0 74 71 69 55 57 61 57 55 54
1.5 77 78 68 61 70 65 63 64 60
2.0 76 82 75 83 85 79 77 72 65
3.0 89 82 84 80 84 83 78 70 64
3.5 83 81 88 84 82 80 79 73 67
4.0 95 95 96 86 86 84 82 79 70
5.0 103 101 89 98 95 91 88 78 76
6.0 95 94 92 80 89 85 85 71 83
F6 HRIERE /6 EHRBHFKREARE R ETH AEh
Table 6 The AEh of sample 3 at different times under different concentrations of 1/6 potassium dichromate
¢/ (mol-L7")
t/h
0.05 0.06 0.07 0.08 0.09 0.10 0.12 0.15 0.20
0.5 103 99 100 94 86 85 88 79 70
1.0 114 105 96 96 95 98 100 87 81
1.5 117 114 106 103 109 106 106 104 90
2.0 120 123 116 125 127 127 126 109 99
3.0 124 122 122 126 129 126 122 109 102
35 121 133 142 132 131 125 125 111 103
4.0 129 142 145 141 133 130 128 115 109
5.0 145 154 142 150 156 140 133 118 111
6.0 131 138 134 140 137 131 122 115 116
RT HROERE 1/6 EHR K EARE R E TH AEh
Table 7 The AEh of sample 6 at different times under different concentrations of 1/6 potassium dichromate
¢/ (mol-L7")
t/h
0.05 0.06 0.07 0.08 0.09 0.10 0.12 0.15 0.20
0.5 25 27 29 32 33 26 26 25 19
1.0 36 33 30 30 29 30 27 23 23
1.5 38 36 34 36 32 32 28 28 25
2.0 37 34 34 34 34 38 33 29 29
3.0 40 34 33 38 37 40 37 30 28
3.5 37 37 36 40 38 41 35 32 27
4.0 43 42 41 39 40 39 35 36 32
5.0 42 44 48 46 47 42 40 38 33
6.0 45 42 45 40 44 46 41 34 41
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Table 8§ Experiment on the solid — liquid ratio in the alkaline potassium permanganate method

20231695 20231678 20231679 EgE|
FRAf /g
Eh,/mV AEh/mV Eh,/mV AEh/mV Eh,/mV AEh/mV Eh /mV
0.5 458 33 473 18 462 29 491
1.0 454 37 461 30 459 32 491
1.5 446 45 456 35 449 42 491
2.0 442 49 451 40 446 45 491
2.5 443 48 452 39 445 46 491
3.0 441 50 448 43 446 45 491
4.0 440 51 448 43 445 46 491
RO ERIEE LR E R L K
Table 9 Experiment on the solid-liquid ratio of acidic potassium dichromate
20231695 20231678 20231679 2=
FREE /g
Eh,/mV AEh/mV Eh,/mV AEh/mV Eh,/mV AEh/mV Eh /mV

0.5 997 26 1009 14 1007 16 1023
1.0 970 53 992 31 993 30 1023
1.5 970 53 992 31 988 35 1023
2.0 963 60 991 32 981 42 1023
2.5 964 59 990 33 982 41 1023
3.0 962 61 991 32 978 45 1023
4.0 957 66 989 34 978 45 1023

M & 8 1 9 A UL, A & FR FE 1 7E (0.50~
1.50) g, B & FRAEE 3G, 38 )5 ) ik 2, %
WAL 38 J5 R AL Eh BRI, HL A2 22 AER 3G K,
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FRFE B B /0N | 505 00 A Ml B 72 ) 1 B A
S, A I 3 BURRAE 4 R 2.00 g b e e, BTG i 4

R 10 A [E) R iE) TR BRI % $2 - TR BR Sk SR A iR i Y Eh (B

b7 A 16 HE 2 A 1 25 CEDFR AR £ 2.00 g 41k
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2.6 EBARF1E R A AL HE
2.6.1 M IR 7 K i — B TR 4 e A v VA TR

N T M7 L 1 R R AR A L TR IV K A — L TR
BRER bR ETR I, 76 0.5.10,15,20,25.30.40.50
160 min Y 4575 Eh {8, K 25 5 W55 10,

Table 10 The Eh values of ammonium ferrous sulfate—ammonium ferric sulfate standard solutions at different times

t/min 0 5 10 15

20 25 30 40 50 60

Eh/mV 448 476 475 475

476 475 476 476 476 476

2.6.2 B A R VA TR
FREL 2.00 g BE & F 150 mLIE R, A
50 mL 0.03 mol - L™ %) B P v 4 R 40 1 L, B2 50 36

F11 AERETHESERTB RN ELE

B4 10 min BE—IR 78 1.5 h e HE B A A KR B
WO, 7£0.5.10.15.20.25.30.40 .50 F1 60 min
A i AL FE /R E{E, Kl 25 R WL 11,

Table 11 The Eh values of alkaline potassium permanganate solution at different times

t/min 0 5 10 15

20 25 30 40 50 60

Eh/mV 475 433 432 431

431 431 431 431 431 431
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2.6.3 TR H IR A VA TR
FREL 2.00 g BE & F 150 mLIE R A, A
50 mL 0.10 mol - L™ %) 1/6 4R R R X T, #2.2)

F12 FEIRS A TEHERH A RN ELE

wE ,43: 10 min?/fﬁ‘*w'\ JAE 2.5 hJE 8 E R 4 A
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60 min B0 AN K578 Eh (B, %M 25 52 .56 12,

Table 12 The Eh values of potassium dichromate solution at different times

t/min 0 5 10 15

20 25 30 40 50 60

Eh/mV 875 890 886 884

883 882 880 879 878 875

2.6.4 /NG

1) Bt TR STV 4k 6 — . T2 2 ‘66 s 14 7 YA 7 °F
RUNEN BTN it TR R VA S bl TR VA
& L] S min 9 HL A A8 fE <1 mV. BER G
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YEVE W5 min 35 FH XS H A, B H B ST £ R
[F] 8 5 ming PRI, 58 38 FH P V5 0G5 A 288 B
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L E AE (476 £5) mV 3 B, W% % 38 17

2) #E (254 1) °CHf #L B 4 A 0.03 mol - L7
P VR i TR VU, AE S min 5 B ATk ) P A
HL A BT R TR BRI T A B TR R S mins
FE L bR TAE 78 AR R 4 Ak - 3 T 6 A 22
5 mV LU B BT S A [, 10 s 22 47 B AT 36
)£

R13 AAMAENEHRAERBITEE

Table 13 Comparison of AEh of samples measured by two methods

3)FE(25+ 1) CHEKE HL 46 A 0.1 mol - L7
Y 1/6 BR 1 5% TR BRI WY, 7E 15 min J5 A A
Ik B AL (B — B e e ) o o E
IR R T 89 PR R T R AR A
A5 2P f 7 o FESE PR TAE 44 15 min £
W — B0, 10 A HE 5 75 22 2.5 hks DU 58 i,
R A IR ML ] 7R SCPRERAE R R T 10 s N
AXERE 7R A AN, RIRE A 3K 308 85 HL A7 o
27 WAESALFETLE
2,71 FHTRIAE b 4 D0 2 45 SR L

FREL2.00 g B & F 150 mL AL, A
50 mL 0.03 mol - L™" () B 1k 5 46 IR B0 % T AN
0.10 mol * L™" (1) 1/6 R 1 T 5% Wi 0 v L, 43 &) o5
2,252 1) CRIMREE T, & 10 min % — K,
VS VRS B O A JE DN b 20 W Eh, S R
Eh, o THEBF 7545 4 AER, [7] B g SR 5
B, 25 3 L3R 13,

75 e R P i B (5 AEh CEh k) AEh (TS RREE)
1 20231679 K A5, 47 78
2 20231695 KA, 50 100
3 20233629 ek 51 113
4 20233668 IEN 59 107
5 20233676 YN 66 82
6 20233684 KA, 64 114
7 20238047 KA, 50 92
8 20234579 KA, 42 51
9 20233665 KA, 48 47
10 20233666 K 43 49
11 20234569 YSKEN 45 50
12 20238074 g g 29 35
13 20233633 T H 28 13
14 20233637 b o ) 17 12
15 20233643 oyg i 16 14
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Fig. 1 The color of the samples
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VEFE 3 A Hl A FE S R A ik E A 4
Y 7E AER, T 55 AH X A 7 2%, 25 R L3R 14
FULS. HI &S S AT 0L Bl P o A R BT 3k RS 4%
JE B 0 R M R
2.8 WHMIEBESNFENIERER

P 1651 H T SR FH 5 i 48 Ak 700 3 19 O dil
A, BCOR TR T A R A A TR R bR
AEh 85 B K, 5 8 000 7 HAS [8) B 5 8 5k
WIS NN ER D OR R = R 7 = 1

R4 FHESERAENEEE

tTEE
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AT A A

1) PR 4 B 4% R P s AN FRUE A N ot e v
Bl 2> R 218 A8 Ak, SE BRI E I R BE R R AR
AH XTSI B2 (10 s PN B AN 7R ) |, 0 1 1
S W R A S R A T R R R R
125 U AE K 1] N RS E , Bl B A TR 28 AL

2) H B 7R TR M R TR B VA AR P T A I T
(> 15 min) 7 B8P 55 40 2 41 1 WK (5 min 2
), BHAFek A8 A o Bl e AR R R AR Ak 1Y
VB3R L R M o % 1R 0 4R Al 1k v

Table 14 The precision of alkaline potassium permanganate method

E 5 4 20233684 20231695 20233668 2 H
HIURTRY € 4 4 4 1
WA /mV 430, 429, 430, 427 442, 441, 441, 443 432, 431, 433, 429 491
AEh/mV 61, 62, 61, 64 49, 50, 50, 48 59, 60, 58, 62 —
AH X7 HE A 25 RSD/% 3.7 3.5 4.8 —
15 BUEEERRFEINEEE
Table 15 The precision of acidic potassium dichromate method
FE it 4 5 20233684 20231695 20233668 ZH
BUREV 4 4 4 1
W AE/mV 888, 893, 905. 901 927, 939, 933, 943 920, 927. 931, 917 1027
AEh 134, 139, 122, 126 100, 88. 94, 84 107, 100, 96, 110 —

A X B A 25 RSD/% 11.1

13.9

11.7 —
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Table 16 Comparison of advantages and disadvantages of the two methods

FY HRH 0 o il R A 9 2 e A I A 9

1 A B E I ] 3d 4h

2 REYY X [

30 REtE FaZ (LhWJLTPAZEE) A Bl —H%E2 T8N RE)
4 PR T Al B[] 24’5 min >15 min

5 T A R E I ] 1.5h 2h

6 TAERCR 4.5 h/40 4~ 5 h/204

7 o RSD <5 % RSD >10 %

g5 Bk AW ST IA A e e A R B W AEh{H .

AL AW ST I AR T B R R
B — F A VR 25 0 1 B AR B0 A Rl - R 2.00 ¢
FE T 150 mL A, A 50 mL 0.03 mol -
L7 A R B TR PR S 3 R, (251 1) CRIf
Wk BN, 8 10 min B8 — K, 7 1.5 h 50 12
W Eh, F10.03 mol - L™ ¥ /& 4 B2 #1 WX Eh,, 3

29 WHESHEEBRFE-BAEEEZNEAELS
S -FE R EEXTEE
TEHE 20 A Bl A M BT A % IR 2.8 15 A
tE Y A AR 3 A% R Y 7 9 25 T AER FL %
HEEE 1.4.2 795 19 S0 1k - 38 50 & B0 T 58 Fe™/
Fe¥ 2V gL 17,

F17 PEHESEBRAESEN-FERBEN U -ERINEH L&A

Table 17 Comparative judgment of redox environment by alkaline potassium permanganate method and redox coefficient

method
e o~ — WAL 9% 2% vk LI 5 R ROk
AEh/mV IR H K Fe’'/Fe’ A58 A W
1 20233668 WK 59 M U AT 1.50 I 55
2 20233676 KA 66 SR ST 1.46 I 55
3 20233684 TR A8 64 R A 1.33 A 45
4 20231695 IR A8 53 W A 1.12 55 188 SR A5
5 20238047 IR 50 M U A 1.03 59380 R 5
6 20231679 IR A 47 WU A 1.18 EERINAE2E: Y
7 20233629 UISKik 51 A A 1.05 55 14 J R A3
8 20233665 K 48 WA 1.13 5538 R R 55
9 20233666 TR A8 43 A= 53 1.17 5910 JE R S
10 20234579 JK A, 42 AL~ T P A 0.98 EEE=RI7S:
11 20234569 ®K 45 S~ T e A 0.95 ECE=RIB2E:
12 20234521 TR AR, 37 S -3 T it 1.00 55 S AL 55
13 20234531 TR A8 35 S -3 T 3ot A 0.96 ECERI#2 )
14 20234532 TR 35 AL~ T P A 0.97 EEE=RI7S:
15 20234576 K, 39 AL -3 T i Al 1.01 EEE=RIs7 %27
16 20234640 HK 38 S 38 i ek 0.98 95 AL IR
17 20238074 A 29 S~ T o A 0.70 RIS
18 20233633 wWE A 28 S 3 S 3 U A 0.67 FAALFR B
19 20233637 oy (4 17 A A 0.65 AL IR
20 20233643 (o R CEAN ) 16 AL E A 0.17 AR
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