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Research progress on separation and extraction of rhenium from copper waste acid

QIAO Jinxi, GUO Xueyi, LI Dong™, XU Zhipeng, WANG Qinmeng

School of Metallurgy and Environment, Central South University, Changsha 410083, China
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ABSTRACT Rhenium is a strategic metal that plays a crucial role in the military, aerospace, and aviation fields. Its unique properties
have become an indispensable material in aerospace engines. Rhenium metal has almost no independent deposits, and its resources are
mainly associated with copper, molybdenum, and other metal ores. Rhenium resources in copper ore are enriched into waste sewage acid
after the copper smelting process, making copper sewage acid an important rhenium-containing resource. In addition, rhenium volatilizes
into the furnace gas as rhenium octoxide during the high-temperature smelting process of copper concentrate. After dust collection,
rhenium enters the acid-making system with sulfur dioxide. The rhenium-containing flue gas is enriched as perrhenate after rinsing and
purifying copper in acid. Rhenium recovery from copper acid has become an important research topic in thenium metallurgy. This study
reviews the technical difficulties of rhenium extraction from dirty acid as follows: (1) The content of main metal elements is too low, and
the content of rhenium in dirty acid is only 5-40 mg-L™". (2) The acidity of the dirty acid system is high, and the sulfuric acid content can
reach 50-150 g-L™". (3) There are many impurity elements in the dirty acid system, including copper, arsenic, lead, zinc, molybdenum,
and other heavy metals, of which the arsenic content is about 8—15 g-L™". (4) The amount of dirty acid produced is large, and the daily
processing capacity of rhenium extraction is high. Taking a domestic copper smelter as an example, the daily production of dirty acid is
1000 m’. Therefore, it is essential that the daily processing amount of rhenium extraction technology cannot be less than the daily output
of dirty acid to avoid storing a large amount of liquid, which increases enterprise costs. The existing separation and extraction methods
are described and compared, including chemical precipitation, solvent extraction, ion exchange, and adsorption. The existing problems of
each technology are analyzed to provide a reference for developing a separation and extraction technology for rhenium in waste acid. In
general, owing to the high price of rhenium at this stage, the current technology can still produce greater corporate benefits. However,

from the perspective of pure technology, current industrialized technology still has a large space for development. New technologies,
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such as coated impregnating resins, bio-based adsorption materials, and ion-imprinted materials, have high development potential in the

field of rhenium extraction from dirty acid. In the future, the separation and extraction of rhenium in dirty acid should be developed

toward green environmental protection, short process, and high selectivity.

KEY WORDS rhenium; copper contaminated acid; separation and extraction; solvent extraction; ion exchange
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Table 1 Solubility product of some sulfides in the precipitation process

Material K, Pys,  Reference
CuS 63x107¢ 352 [12]
Cu,S 25x10% 476 [12]
PbS 13x10% 279 [12]
7nS 1.6 x 10 238 [12]

As,S; +4H,0 =2HAsO, +3H,S 2.1 107 21.68  [12]

ReS, + 4H,0 = Re(OH), + 2H,S 24x107" 961 [13]
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Table 2 Precipitation effect of each element in some literature

Precipitation rate/%

No. Precipitant Reference
Re Cu Pb Bi Se Si As Zn
1 Na,$S,0, 99.00 99.00 47.42 [11]
2 NH,SCN + PAM 29.40 14.90 25.00 16.70 60.98 51.60 <0.06 [16]
3 NI11 41.18 80.85 55.00 38.90 <0.02 74.90 <0.06 [16]
4 Ni2 94.29 77.50 45.00 26.27 16.67 5.47 7.76 0.00 [16]
5 Na,S0; + Na,S,0; 95.82 93.70 [17]
6 Flocculant + Na,S,0; 98.60 96.00 16.00 [18]
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Fig.1 Schematic of TBP extraction rhenium complex
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Fig.2 Separation process of rhenium and molybdenum using ATPS extraction
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Table 3 Ion exchange resin and process conditions in literature

Rhenium adsorption

No. Resin type Reaction condition rate/rhenium content in Reference
residual liquid
1 D296 Temperature of 25 °C, pH 1.5, flow velocity of 7.2BV-h! 97.91% [28]
2 RCX-5143 Acid concentration of 5%, flow velocity of 2 BV-h The res1.dua1 liquid COIIE?.IHS [29]
rhenium <0.1 mg-L
Exchange column of 10 mm x 400 mm, flow
K 90.4%
3 D990 velocity of 4 cm-min !, time of 8 h 5 (301
Static adsorption: temperature of 20 “C, solid-to-liquid
ratio of 8 mg'mL"™", time of 72 h . .
4 ZJ515 Dynamic adsorption: flow velocity of 3 BV-h', D S;:::lcica:(sizgptlggﬁ?;fj;(y [31]
temperature of 25 °C, ratio of height to diameter=6 : 1, Y Tprion: 7. 1%
total flow rate = 10000 L (20000 BV)
Static adsorption: temperature of 20 °C, pH 3.92,

5 7570 mixing speed of 200 rad-min"'; Static adsorption: 97.3% 3
Dynamic adsorption: flow velocity of 6.67 BV-h', Dynamic adsorption: 97.13% (32]

time of 144 h, total flow rate = 960 BV
6 D318 Temperature of 25 °C,liquid Concentration 320 mg-L™', ~90% (33]

solution volume of 50 mL
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Fig.4 Preparation method of disobutylamine modified graphene oxide

GO-DEA-DIBA
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Table 4 Preparation method of adsorbent and adsorption effect on rhenium in some literature
No Adsorbent Preparation method Adsorption effect Reference

A series of new adsorption materials with excellent
adsorption performance and good radiation resistance were ~SMIL-C: 184.28 mg-g™;

Ionic liquid bonded

SMIL-B: 172.03 mg-g ';

1 immobilized silicon-based  successfully prepared by grafting ionic liquids with different SMIL-D: 215.17 mg'g™"; [47]
materials structures onto silanized silica by ionizing radiation Si0,-MPTS-GY14: 74.57 mg-g ';
technology Si0,-MPTS-GY37: 140.45 mg-g '
Sulfuric acid pretreatment-amination modification ; 1
’ EDA-CS: 41.7mg'g
2 Modified rice straw sulfuric acid pretreatment-carbonization-amination . me'e 2 [48]
. . EDA-CCS: 58.3 mg'g
modification
After the rice straw was broken, it was washed and desalted . R
. e . . 5TBP-N235-SA(Sodium alginate):
Brown algae biomass with distilled water many times and covered with carbon .
3 53.97mg-g; [49]

adsorption material

powder for roasting after drying. TBP-N235 composite
microspheres were prepared by the impregnation method.

N235-SA: 103.47 mg-g'

4 Chitosan

Concentrated sulfuric acid-modified crosslinking

Experimental test adsorption

capacity 222 mg-g”' [50]

Epichlorohydrin and diisobutylamine were added. The
chlorine atom and epoxy ring reacted with the hydroxyl

Nitrogen organic-inorganic
hybrid silica materials

group on salicylaldehyde and secondary amine on
diisobutylamine, respectively. Diisobutylamine was

Experimental test adsorption

capacity 221.37 mg-g”' [51]

modified on the surface of the adsorbent to obtain an
adsorbent containing a tertiary amine group.

Notes: SMIL-B is 3-(Methacryloyloxy)propyltrimethoxysilane (MPTS) modified silica with 6 nm pore size and grafted with ionic liquid; MIL-C is MPTS
modified 15 nm pore size silica and grafted with ionic liquid; SMIL-D is MPTS modified 10 nm pore size silica and grafted with ionic liquid; SiO,-
MPTS-GY 14 is MPTS-modified fibrous silica nanospheres with 14% ionic liquid grafting; SiO,-MPTS-GY37 is MPTS-modified fibrous silica
nanospheres with 37% ionic liquid grafting; EDA-CS is Ethylenediamine (EDA) modified biomass material rice husk (CS); EDA-CCS: CS first

carbonized and then modified with EDA
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