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Table 1 Reagents and main parameters used in the test

T JEA TR FESH

No. 1 RE AR+ p(Fi £ E4EH) =300 ¢/L,Ce( I ) /TREO =48.93% (CeO, i)
No. 2 2k Ce(IV) A HLAH C(M+458AH) =0.16 ~0. 18 mol/L,C(Ce(IV)) = 0.2879 g/L(CeO, il)
No. 3 EE =R SIHTAL, 1 2 5 A 2R A R R
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No. 6 Z BB Talk %k
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Fig.1 Structure diagram of hindered phenolic

antioxidants
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Fig.2 Inhibition effect of reaction time on

Ce (IV) content in organic phase

[ E , EANF 255003 &t T AU Ce(IV) Fri
Bt B 07 I TR G R AN ] , Y2455 B 0.5 /L,
AHUAHT Ce(IV) A= Ml BFHACR 40 b, H S
Bl 25 S o7 ) ) AR B , AT HLAR T Ce (IV) AR Bl 2
R IR R, 2 Ce(IV) IMHIFIME R 2.0 /L,
AV E) Ce(IV) £ B I I IE K 2 120 h, A
Je BARE R N ) [E] A 2B A LA Ce (IV) A2 il it
RV IR AR, b A b B R Ry Bl 255508
TR BN, E B 22 08 D 40 B iy | SN A e P
IR AR A SRR TR SR . SOV R &
— ARG, A 2 R R B R [, 25 7006 A HLAE H
Ce( V) A LA H0 IR N BE, A HLAR Ce (IV)
woE EIE, RIS SRR U, 52 BH My 2T S
HIEL1.0~2.0 g/L B, AR FRH Ce (V) Y0 il
LESTIE
2.1.3 SRS SZ B A A HLAE S Ce(IV) 1Y
Al

&l 4 Shy J 07 it BE X6 52 B 8 41 i A ALAH H Ce
(IV) IsZm . mIE 4 A5, 425570 R 2.0 o/L,
i B2 07 3 B ) R, XA LA R Ce (IV)) IR
TR RS, A LA Ce(IV) AU B H ALK,
FERNRE 30 C ISR, XA HLART Ce(IV)
A AR B T 3K 200 h DL b, H 2R PR K g B
BUIN, X5 20 h 293500 0. 000 8 ¢/ L, Sy ik BEAE
60 C&AF T, HXTA WA Ce (IV) Az B i 410 il B
[E]4% 7 80 h, H 2 M3 M B 2 57, P34 20 h
2900 0. 005 ¢/ L, XJEH TEA SR E T, A K
L R R NEA D RG22 | A RO IR B T



. 68 - T EHKRE & S 4 BIETE

0.025
=05 gL

=
i/m 0.015
=
3 0010
£
= 0.005
'
< O

—0.005 L I I I I I 1

20 40 60 80 100 120 140 160 180
S IBE I ] /h
B3 ZRHBIEXNAYAET Ce(IV) &
R

Fig.3 Inhibition effect of hindered phenol

addition on Ce (IV) content in organic phase
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Fig.4 Inhibition effect of reaction temperature

on Ce (IV) content in organic phase
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Fig.9 Schematic diagram of cerium praseodymium separation process flow
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Table 2 Operating data of Ce (IV) content in organic phase of extraction production line with experimental days

BITREY p(CHHUAS Ce(IV) &) /(g L")
d Bl-WEeBe g FERB23 4 LB 40 2 YeRBL ST S YRR EL 74 % RAB 104
0 0.0450 0.054 7 0.062 8 0.042 4 0.023 4 0.001 3
1 0.0386 0. 006 4 0.003 2 0.0012 0.0009 0. 008 0
2 0.016 1 0. 008 0.004 8 0. 003 2 X J
3 0.003 21 0. 006 44 0. 004 83 0.001 7 X 0.001 61
4 0.0016 0.0110 0. 004 83 X 0.001 6 J
5 0. 006 4 0.009 7 0.009 7 0.003 2 0. 001 61 0. 001 61
6 0. 001 61 0.003 2 0.003 2 0.001 6 i pn
7 0. 006 4 0. 006 4 0. 001 61 0.001 6 0. 006 4 ¥
8 0.005 8 0.004 2 0. 001 61 0.001 6 0. 006 4 ¥
9 0.007 1 0. 006 4 0.03021 0.001 6 0.000 6 J
10 0. 002 57 0.0032 0.003 1 0. 000 6 0.000 3 0.000 3
11 0.000 3 0. 000 4 0.000 3 & b J
12 0.003 9 0.004 1 0.0029 X o5 &
13 0.000 3 0.003 5 0.001 3 " ¥ J
15 0.005 3 0.007 0 0.003 2 0.0003 G J
16 0.004 6 0.005 7 X ¥ o ¥
17 0.0029 0.003 8 X ¥ & ¥
18 0.000 5 0. 000 7 0. 000 4 & & ¥
19 0. 0002 0. 000 3 X o . pn
20 0.0018 0.0015 0. 000 1 ¥ ¥ ¥
21 0.0017 0.001 4 0.000 8 TG ¥ ¥
22 0.002 5 0. 000 4 0. 000 1 J G J
23 0.003 1 0.0019 0. 000 4 & ¥ J
24 0.000 7 0.000 8 0. 000 4 ¥ ¥ ¥
25 0.0005 0. 000 6 0.000 1 X o J
26 0. 000 4 0.0005 0.000 3 b o5 J
27 0.0005 0. 000 6 0.000 1 ¥ ¥ J
28 0.000 4 0. 000 7 0.000 1 X o pn
29 0. 000 2 0. 000 4 0.000 3 X o Jt
J ¥ J

(%]
o

0.000 1

0. 000 2

Jt
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Table 3 Operating data of rare earth element distribution( mass percent) in praseodymium neodymium

series products of extraction production line with experimental days %
BT REVd La Ce Pr Nd Sm Eu Gd Y

1 0. 027 0.35 22.44 70. 6 0.5 0.03 0.032 <0.10
2 0.019 0.19 20. 17 79.3 0.26 0.016 0.018 <0.10
3 0.017 0. 046 22. 16 77.36 0.42 <0.10 <0.10 <0.10
4 0.014 0.031 24.8 73.2 1. 81 0. 054 <0.10 <0.10
5 0.016 0.024 30. 19 57. 86 7.93 1.74 2.23 <0.10
6 0.018 0. 025 27.99 66. 78 3.74 0.16 0.76 <0.10
7 0.023 0. 026 29.35 68. 96 1.21 0.11 <0.10 <0.10
8 0.018 0. 024 23.75 74.78 1.41 <0.10 <0.10 <0.10
9 0.011 0. 020 19. 87 78. 18 1. 66 0. 14 <0.10 <0.10
10 0.012 0.019 27.49 53.87 11.23 3.71 4.2 <0.10
11 0.01 0.014 20. 18 65 3.58 2.38 6. 82 1.99
12 0.014 0.019 24. 68 70. 28 2.17 0. 56 1.17 1. 11
13 0.018 0. 024 27.32 68. 41 1.97 0.48 0. 89 <0.10
14 0.02 0. 025 28. 66 67.54 2.01 0.47 0.78 0. 47
15 0.016 0.022 25.22 65. 58 4.07 1.16 2.09 1.82
16 0.022 0. 025 28. 04 71.40 0.41 0. 042 0.051 0.022
17 0.017 0.023 26.21 70. 12 1.82 0. 44 0.76 0.017
18 0.021 0.032 31.07 65. 51 2.05 0. 44 0.7 0.021
19 0. 027 0.035 30. 45 67.93 1.01 0.19 0.29 0.027
20 0.028 0.032 29.15 69. 59 0.88 0. 097 0.12 0. 028
21 0. 028 0.034 28.72 70. 56 0.49 0.032 0.033 0.028
22 0.021 0.03 28.21 66. 16 3.42 0.76 1. 16 0. 021
23 0.014 0.031 27.91 57. 46 4.92 1.55 3.09 0.014
24 0.014 0. 036 23.29 74. 09 1. 81 0.28 0.37 0.014
25 0.012 0.023 23.54 71.89 2.86 0.63 0.95 0.012
26 0.016 0. 026 21.52 77. 69 0.6 0. 06 0. 068 0.016
27 0.016 0.02 22. 89 72. 60 2.92 0.58 0.9 0.016
28 0.017 0. 025 25.21 64. 06 5.26 1.68 3.08 0.017
29 0.015 0.017 22.87 72.56 2.32 0.58 1.03 0.015
30 0.017 0. 025 27.95 68. 61 2.15 0.48 0.71 0. 048

BT, Sl RS o B Ak PR R A T RE B WL
H Ce(IV) & it Be iR f i . 2 AbAG - B Bt ZEHUBA
LA Ce(IV) Frt 0.05 o/L Ao 47, Y ik Be A HLAH
i Ce(IV) #1003 /L 247, AR B AT HLA P AT,
AR BN Ce (IV) BRI i Ce &8

£ 3000 ppm DA b, 72 i K AE TGRS, 2
FIBHUT , B 2506 2 BUA R IR A 3 51 DL
2GR B B2 T, R HUR R 45 e BUA HLAH 1 Ce
(IV) & IR BRI, AR BB B
HUAHH Ce (IV) HE FFHEZE 0.01 o/L DL FHEH



- 72 - T H A E &

BBLTZ

I, VB RAEAVAT Ce (V) T8 TR
0.001 ¢/L NP EZ KM LSRN F, G R
FEdn R Ce S TR 3 Rikhs, ZJ5H Ce %
KRS EE 200 ~400 ppm, KHALL T-E MR

3 4Eip

EN IR DO e MITAZ S sy X R P BE N P SiUY g = il s
REIR ) Ce( V) RFRA S, £ 1 L2 BH B 240 A Ak
RERLS H,0, 6 5B R TR, RE W
BT AR RMLEI G0 T Tk A R 1

1) Ce(IV) RFRHLHN AT . FRORAURR R (nds
JF ) B 558 P S8 Ce (1) 78 Ak — A BT 2
HEEAL N 5 ZE S Ce (V) BUERS E0™ i Ce 2%
Ji 5 AR A 3 000 ~4 500 ppm,,

2) 5 FHL By ST RE PR IR AL, 52 BH 1 8 4o e 2
A (AH = - 162 kJ/mol ) 5 25 [l BHAUN , A8 564
A A HFE(HO- [ROO-) , il Ce () S AL, [ AT
AP T Ce(IV) mREAE R Ce () (A JFALH
>99.5% ), SEEL A AN - 5% BRI R PR IRl R
B H,0, WERFGR T REAE, WLk T H,0, 4
51 A& B A HLURH B A XURS:

3) TS Tolb b3k, SClm =AM T, %
BELES S & 1.0 ~ 2.0 g/L IR J& 40 ~ 50 C I},
Ce(IV) B i# % 0. 021 g/ (L-h) F& 2% 0.002 3 g/
(L-h) I > 120 h; Tolk LR Bon , A HLAH
1 Ce(IV)FEM 0.05 o/L FFZE <0.005 o/L( Fli
>90% ) 58 T Ce 24K AR E T 200 ~ 400
ppm, F54 GB/T 20190—2023 X4 &l 7 ity Jot 1 B 5K
19 <500 ppm,

4) ZFEARC IR F Tl S2 B, s 47k
sl m PR AR T OGRS AR
AT HE A, SR TR R Ak 2k fb s T
bk R LA EE AT AR S L,
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Removal effect of hindered phenol on Ce (V) in rare earth extraction
and separation process

HU Guangshou', TANG Xiaoliang®, ZHOU Xiaojun', MENG Yugin', LI Huping’, WANG Bin', ZHU Zhiming'

(1. Gansu Rare Earth New Material Limited-Liability Company , Baiyin 730922, China;

2. Lanzhou University, Lanzhou 730000, China;

3. China Northern Rare Earth (Group) High-Tech Co. , Lid. ,Baotou 014030, China)
Abstract ; In the wet metallurgy process of rare earth elements, replacing traditional sulfonated kerosene with a new
environmentally friendly diluent led to insufficient reducing capacity of the new diluent, causing Ce( Il ) to oxidize
into easily extractable Ce (IV). This cause excessive levels of the rare earth impurity Ce for a long time in the
praseodymium-neodymium series products. Although H,0, can reduce Ce ( IV ), there are a series of problems
such as organic phase oxidation degradation, increased cost, and increased difficulty in wastewater treatment. This
study proposes to replace H,O, with hindered phenolic antioxidants to achieve green and efficient separation of rare
earth elements by inhibiting the generation of Ce (IV) and reducing residual Ce (IV). The results showed that
hindered phenols preferentially capture oxygen free radicals (HO-, ROO-) through hydroxyl hydrogen supply and
steric hindrance effect, inhibit Ce ( Il ) oxidation, and efficiently reduce Ce (IV) in the organic phase to Ce (III)
(reduction efficiency >99.5% ), achieving a synergistic effect of “oxidation inhibition and residual elimination” ;
When the amount of hindered phenol added is 1.0 ~2. 0 g¢/L and the temperature is 40 ~50 °C, the generation rate
of Ce (IV) decreases from 0. 021 g/(L-+h) t00.0023 g/(L-h), and the inhibition time is greater than 120 hours.
Industrial tests have shown that the Ce (IV) of organic phase has decreased from 0. 05 g/L to below 0. 005 g/L.
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The Ce impurity has remained stable at 200 ~ 400 ppm for a long time in praseodymium neodymium products,
which meets the quality requirements of GB/T 20190—2023. Compared to H,0, reduction, this technology reduces
the consumption of reducing agents and avoids the risk of organic phase degradation caused by H,0, decomposition.
It provides technical support for the green and high-quality development of the rare earth industry and has
significant industry promotion value.

Key words: rare earth smelting; praseodymium neodymium series products; Ce (IV) removal; H,0, reduction;
hindered phenol ; inhibition-elimination method ; green smelting
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