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TECHNOLOGIES FOR WASTEWATER TREATMENT FROM ARSENIC

(analytical review)
Kopylov N.I.
Institute of Solid State Chemistry and Mechanochemistry, Siberian Branch Russian
Academy of Sciences, Russia, Novosibirsk,

e-mail: kopylov@narod.ru

The current recycling water supply of metallurgical enterprises does not completely eliminate the discharge of
wastewater into environmental water bodies, where the maximum permissible concentration (MPC) of arsenic
is 0.05 mg/dm?3. Arsenic accumulates in large quantities in washing solutions for cleaning exhaust gases sent to
produce sulfuric acid. In this case, a closed gas washing system is used, aimed at concentrating the washing water
with arsenic to 10 g/dm? and sulfuric acid to 40 g/dm? in order to reduce the volume of wastewater discharge.
Another source of arsenic contamination of the hydrosphere is the waters of tailings from enrichment plants, due
to the possible oxidation of arsenopyrite and the formation of a soluble form of arsenic compounds.

A number of methods for arsenic precipitation have been developed: pyrolusite, lime in the form of calcium
arsenate; ions of ferric iron and other metals; adsorption by iron (III) hydroxide, aluminum hydroxide, carbon,
etc.; sludge flotation; metal sulfides, sorption and extraction. The main criterion for the operation of purifying
a solution from arsenic is the possibility of recycling the resulting sediment or the formation of its compounds
with minimal solubility in aqueous solutions, allowing its burial in burial grounds.

Keywords: wastewater, arsenic, treatment technologies, arsenates, arsenic sulfides, sorption, extraction.

MBIIIIbAKTAH ATBIH CYJIAPBIH TA3AJIAY TEXHOJIOT'AJIAPBI

(aHaNMMTHUKANBIK 1I0NTY)
KonsLios H.H.
KarTts! neHenep XuMHsIChI )KoHE MEXaHUKOXUMMSI MHCTUTYTHI, Cibip Gestimineci Peceit
FBUTBIM akanemusicel, Peceii, HoBocuGupck,

e-mail: kopylov@narod.ru

MeTasuty prusiTbIK KoCIMOPBIHIAPABIH aFbIMAAFHI KaliTajlaMa CyMeH KaMTaMachI3 €TUTyl MBIIIBSIKTBIH IIEKTi PYK-
car etisiren koHneHTparwmsice! (IIIPK) 0,05 mr/am3 KypaiTeiH KOpIIaFaH opTa Cy 00beKTiJIepiHe CapKbIH/BI Cyiap-
JIbIH aFybIH TOJIBIFBIMEH JKOWMaIbl. KyKipT KBIIKBUIBIH OHIIpyTe KiOepileTiH naijaaHbUIFaH Ta3aap/bl Ta3aia-
yFa apHAJFaH Xyy epiTiHAUTIepiHIe MBIIIbSIK KOIl MeJIIepe KUHANAAB. By karqaiina aFslHIbBI CYJapabl arbi3y
KeJIEMiH a3aiTy MaKcaThiHIa MBIIbsIKIeH 10 r/qM3 neiid xkoHe KYKipT KeIIKbUIbiMeH 40 r/aM3 meiliH Kyy CyblH
HIOFBIPJIAHIbIPYFa OaFbITTANIFAH JKAOBIK Ta3/bl XYY Ky#keci KoiagaHbliaabl. [uapocdepaHblH MBIIIbSKIICH JIacTa-
HYBIHBIH Tarbl Oip K31 apCEHOMMPUTTIH BIKTUMAJ TOTHIFYbIHA KOHE MBIIIbSIK KOCBUIBICTAPBIHBIH €PUTIH TYPiHIiH
TY3UTyiHe OaliIaHBICTHl OAMBITY 3ayBITTAPBIHBIH KAJIIBIK, CYJIaphl OOJIBIT TAObLIA/IBL.

MBIIIBSIKTB TYHIBIPYABIH OipKatap oficTepi 93ip/ieH/i: MUPOIIO3UT, KabUA apceHaThl TYPIiHAETi 9K; TeMip
KoHe 6acka MeTannapabiH noHaapsl; teMip (II1) rugpokcuaiMeH, aTlOMUHUN THAPOKCHIIMEH, KOMipTeriMeH KoHe
T.0.; ajcopOnust; MUTamMIbl (DIOTANUsIIAY; METAJUT CyIbduarepi, copOIms koHe KCTpakiys. EpiTiHIiHI MBIIIbsIK-
TaH Ta3apTy OIEPAlUsCHHBIH HEeTi3ri KpUTepHili - aJbIHFAH IMeTiHAUIepAl KaliTa eHey HeMece OHBIH Cy epiTiH-
JiJIepiH/e epiTiIITIri a3 KOCBUIBICTAPBIH TY3y MYMKIHIITi, OHBl KOPBIMIAPFa KOMYTe MYMKIiHIIK Oepei.

Tyi1iiH ce3/ep: aFrbIHABI CYJIap, MBIIIbSK, TA3apTy TEXHOJOTUSIIAPHI, APCEHATTAP, MBIIIBSK CYJIb(UATEpPI, COpO-
IUs1, SKCTPAKIIHL.

TEXHOJIOI'NA OYUCTKH CTOYHbBIX BOJ OT MbIIIbAKA
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JeficTByionee 000pPOTHOE BOZOCHAOKEHNE METAJLTYPIrUUECKUX MPEIIPUATHI He yCTpaHseT MOJHOCTBIO cOpoC
CTOYHBIX BOJI B BOJIOEMBI OKpY:KaIoIIel cpefipl, rae npeaensHo gomyctuMas koHueHTparms (ITJK) Meimbska co-
crapnsier 0,05 Mr/av>. MBIIbAK B GONBIIMX KOTMYECTBAX HAKATUTMBAETCS B MPOMBIBHBIX PACTBOPAX OYMCTKH OT-
XOIAIUX Ta30B, HAPABISAEMBbIX Ha MOJTydYeHUE CepHOH KucaoThl. IIpy 3TOM mpHuMeHsercs 3aMKHYTasl cucTeMa
TIPOMBIBKH T'a30B, HATPABJICHHAS HA KOHIIEHTPUPOBAHHE TIPOMBIBHON BOJIbI MbILIBLAKOM /10 10 /1M 1 cepHoii Kuc-
JoToi 110 40 I/IM? ¢ TIEbIO CHIKEHUS 00beMa cOpoca CTOYHBIX BOA. JIpyriM MCTOUHHKOM 3arpsA3HEHUs rupocde-
Pbl MBIIIBSIKOM SIBJISIIOTCS] BOABI XBOCTOX PAHMJIMII 0OOTaTUTENbHBIX (haOpHK, BCIIEICTBHE BO3MOXHOTO OKHUCIIEHHUSI
apCeHOITMPUTA U 0OPa30BaHMUsI PACTBOPUMON (hOPMBI COSTMHEHUI MBIIIIbSIKA.

PazpaboraH 1esblil psi] METONOB OCAKICHHS MBIIIbSIKA: MPOTIO3UTOM, U3BECTHIO B BUJIE apceHaTa KaJlbLIUs;
HOHAMK TPEXBAJICHTHOIO KeJie3a W JIp. MeTAJLIOB; afcopOrmel rugpokeuaom xenesa(lll), ruagpokcraoM atoMu-
HUS, YIIEPOIOM U Jp.; (ioTanuen ocajika; cyib(puaaMu MEeTalIoB, copOmuen u KeTpakipeil. OCHOBHBIM KpH-
TepUeM OIEPAIU OUMCTKU PACTBOPA OT MBIIIBSKA SBJISETCS BO3ZMOKHOCTh YTUIIM3AIMU 00Pa3yIOIIerocs: ocaaka
WM 00pa30BaHUsI €ro COeqUHEHUI ¢ MUHUMAJILHOM PaCTBOPUMOCTHIO B BOJHBIX PACTBOPAX, MO3BOJISIONIETO €ro
3aXOpPOHEHHE B MOTMIIbHUKAX.

KiroueBble cjioBa: CTOUHbIE BO/JbI, MBIIIIbAK, TEXHOJIOTMHX OYUCTKHU, apCEHATHI, CyII])q)I/IJIbI MBbIIIbAKA, COp6L[I/IH,
IKCTpaKIU.

Introduction. Despite the huge amount of work * eliminating the discharge into water bodies of

devoted to the production of stable arsenic compounds,
this concept itself remains quite vague. The work [1]
provides a methodological approach to assessing the
stability of arsenic compounds and its toxicity, used by
the American Environmental Protection Agency. The
methods involve long-term studies, over a number of
years, using statistical or dynamic methods. The results
obtained using this method can only approximately
reflect the conditions of the real environment.

According to existing requirements, the technology
for treating wastewater from arsenic must provide:

solutions containing arsenic above the maximum
permissible concentration;

* the possibility of maximum use of water circulation
at the enterprise;

* obtaining low-toxic sediments for disposal;

e simplicity of technological operations and

availability of used reagents and materials;
« safety for personnel;
e minimal energy costs;

* use of standard equipment.

Table - Chemical composition of wastewater before and after treatment

Content of components in wastewater, Mr/am3
Component — -
Original After cleaning
As 2000-20000 0,05-0,5
Cu 60-400 0,07
Zn 50-1650 0,03
Fe 390-8670 Not detected
H2S04 10000-50000 | Not detected
SO2 1000-3000 Not detected
Sb 10-69 Not detected
Suspended solids | 700 20-40




Precipitation of arsenic in the form of poorly soluble arsenates of iron, calcium and a number of other metals

A number of technologies for treating wastewater
from arsenic that are of industrial interest have been
developed and are being used, including pyrolusite
technology. The technological scheme for deep
purification of acidic industrial wastewater from
arsenic includes: partial degassing of the solution (80°C,
1 hour), oxidation of arsenic with pyrolusite (80°C, 3
hours, 4-6 g MnO, per 1 g As), neutralization of the
solution and precipitation of arsenic (pH 8-9, 30-40
min), filtration of pulp, solution and burial of arsenic
cakes in waterproof trenches [1].

During industrial tests, the concentration of arsenic
in treated wastewater reached the MPC level (0,05
mg/dm?).

Using pyrolusite technology, it is possible to purify
acidic wastewater not only from arsenic, but also
from other toxic impurities, for example, copper, zinc,
cadmium, etc. (table).

In practice, the most applicable methods are the
neutralization and purification of wastewater and
other industrial solutions using lime milk with the
precipitation of arsenic in the form of arsenites and
calcium arsenates. If there are heavy metal ions in the
wastewater due to the coprecipitation of arsenic with
their hydroxides, the purification process is much more
complete. Arsenates are less soluble than arsenites,
which necessitates pre-treatment and oxidation of As
(II) ions to As(V) by one of the methods, for example
[2-7]:

* oxidation by atmospheric oxygen in the presence of
iron salts (oxidation degree 45%);

e evaporation of wash water to a syrupy state,
dissolution of the resulting precipitate in a 45%
sodium hydroxide solution when heated, filtration and
oxidation of arsenic with atmospheric oxygen at a
temperature of 80-90°C in the presence of copper
sulfate (with the maximum degree of oxidation ~80%));

* oxidation at ordinary temperature with potassium
bichromate (oxidation degree 94% at a consumption of
0,7 t of potassium bichromate per 1 t of arsenic).

A typical calcium arsenate process flowsheet
includes:

* precipitation of arsenic using lime in the form of
calcium arsenites (pulp temperature 60-80°C, time 1
hour, pH 8,5-9,5, lime consumption five times relative
to stoichiometric) to a residual arsenic content (III) in
solution 0,1-0,2 g/dm3;

« filtration and use of part of the filtrate to prepare a
lime milk solution;

* additional purification of the filtrate by treating
it with mother liquors formed during the production
of xanthates (residual arsenic concentration 20-30
mg/dm3);

« electrolytic treatment of solutions with soluble iron
anode;

* drying and calcination of the precipitate to obtain
calcium arsenate, its cooling and burial.

The effectiveness of use for neutralizing lime
increases with the simultaneous supply of excess iron
(IIT) salts to the solution [1]. Interactions with the
formation of both arsenate and iron hydroxide proceed
through the following reactions:

2H;As0, + Fe,(SO,); + 3Ca(OH), = 2FeAsO,-2H,0 + 3CaS0,-2H,0:;
Fe,(SO,), + 3Ca(OH), + 6H,0 = 2Fe(OH), + 3CaS0,-2H,0.

The removal of arsenic from acidic solutions
containing copper and other non-ferrous metals in the
form of sulfates or chlorides is carried out in several
stages [8]. By bubbling air, oxygen, or a mixture of
both, metals are oxidized to the highest oxidation state
and excess iron sulfate is added to bind arsenic into
the poorly soluble compound FeAsO,. Add CaO until
the pH rises to 3,0. Along with FeAsO,, excess Fe(III)
is precipitated in the form of Fe(OH);, and excess
calcium in the form of gypsum. Copper sulfate and
chloride remain in solution.

The data from [9] are interesting, where it was shown

that carbonates reduce the stability of calcium arsenate
sediments in contact with an aqueous environment.
Precipitates of Caz(AsO,), become more soluble in
aqueous solutions after they are treated with lime. From
this it was concluded that more stable precipitates in
aqueous solutions are arsenates of heavy metals - Fe,
Cu, Pb, Ni, Zn, Ti etc. A positive stabilizing effect on
arsenic sediments from the presence of phosphates in
solutions was also noted.

Work to find optimal solutions in this direction
does not stop. Thus, at the Chemical-Metallurgical
Institute named after Zh. Abishev, together with
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the Karaganda University named after E.A. Buketov
(Kazakhstan, Karaganda), research was carried out
on the development of physico-chemical principles
and methods for removing arsenic from technological
solutions of copper production [10-14].

Phosphate method. Tt has been established that the
solubility of calcium arsenate decreases in the presence
of phosphate ions in the aqueous solution. When the
ratio of calcium and phosphorus is about 1,7, almost all
arsenic passes into sediment. The use of phosphate ions
in the liming of arsenic-containing wastewater ensures
deep purification of solutions from arsenic and other

toxic substances [15]. Due to the isostructural nature of
the PO,* and AsO,* anions, as well as their tendency
to isomorphism, deep purification of solutions from
arsenic occurs through the formation of solid solutions
in the PO,*-As0,*-Ca system, in which arsenate and
phosphate ions replace each other [16]. To form such
compounds, it is enough to have a molar ratio of
PO,*/As0,* > 1,5:1 in solution.

In general, the process of coprecipitation of arsenic
with calcium phosphate can be described by the
following equation:

3Cay (PO, (OH) 14y + 2As0,% = [Ca,,,(PO,)15(AsO,),(OH)4, + 60H .

Studies on the solubility of arsenic-containing
sediments based on hydroxyapatite have shown that
with increasing contact time, the solubility of the
sediments decreases and amounts to 1,5-2,0 mg/dm?,
which is 20-25 times lower than the solubility of
calcium arsenate, equal to 32 mg/dm® and more.

Based on these ideas, a phosphate method for deep
purification of arsenic from solutions was developed.
The technology provides for the purification of
industrial wastewater containing 0,3-0,4 g/dm3 As to
sanitary standards and below. At the same time, other
impurities (copper, lead, iron, etc.) are precipitated
to concentrations close to the maximum permissible
concentration.

Precipitation of arsenic sulfides and sorption by
sulfide minerals. This method, along with others,
is used in metallurgical practice. For example, the

2FeS + 20, + H,0 = Fe,S,0,(OH),.

Kennecott plant in the USA uses a two-stage process
for the precipitation of copper and arsenic from acidic
wastewater in the form of sulfides, which makes it
possible to convert arsenic into a low-hazard solid
product and return the main amount of copper from
dust to copper smelting production. The process is
carried out in a continuous mode at normal temperature
and pressure and completely solves the problem of
arsenic supplied with raw materials [1, 17].

The work [18] was devoted to the study of As (III)
sorption from aqueous solutions on iron sulfide. The
maximum sorbent capacities, equilibrium constants
and thermodynamic functions of ion exchange were
calculated depending on the process temperature. It has
been established that sulfide in contact with a solution
is oxidized to thiosulfate, forming an active surface
thiosulfate complex:

The process of sorption of trivalent arsenic by pyrrhotite is described by the reaction

It has been established [ 19] that during flotation there
is a decrease in the arsenic content in the pulp - arsenic
is sorbed by sulfide minerals, mainly pyrite. Sorption
of arsenic by sulfide minerals occurs most effectively
at pH 6,2-7,0. The maximum capacity of pyrrhotite for
As (V) is 0,82, and for As (IIT) - 0,74 mmol/g.

The use of pyrite concentrates in sorption treatment
was tested for the treatment of wastewater from
the lead workshop of the Leninogorsk polymetallic
plant (Russia) and the Krasnouralsk copper smelter
(Russia). After loading the pyrite concentrate into
the solution, air was blown through the pulp. The
arsenic concentration decreased from 30-300 to 0,05-

0,1 mg/dm?.

That is, pyrrhotite and sulfides of other non-ferrous
metals are effective arsenic sorbents. This method
is effective, especially when using natural sorbents -
industrial waste (tailings from processing plants, etc.).

Sorption and extraction. To purify solutions from
arsenic, a wide range of different sorbents of both
inorganic and polymer types are used [1, 20]. The
use of ion exchange methods in hydrometallurgical
metal extraction processes allows for simultaneous
desalination of water, which can be important for
ensuring complete water circulation at the enterprise.




For example, a technological scheme for treating
wastewater from a copper-electrolyte plant (low-
concentrated weakly acidic salt solutions) containing,
mg/dm3: 42,5 Cu; 5,7 Ni; 5,7 Fe; 1,20 As; 0,71
Sb; 100 SO42'; up to 30 CaO, includes operations
to clean them from copper, nickel, iron and calcium
using KU-2x8 cation exchanger in H+ form; for the
purification of industrial wastewater from arsenic,
antimony and SO,* anions using AN-2FN anion
exchanger; for purification of alkaline eluate from
arsenic and antimony using the pyrolusite method and
subsequent mutual neutralization of unused acidic and
alkaline wash waters before discharging them into the
sludge storage tank. After purification of wastewater
from arsenic anions, antimony and SO, ion using AN-
2FN anion exchanger in hydroxyl form, the sum of
residual concentrations does not exceed the maximum
permissible concentration. The saturated ion exchanger
is regenerated with a 7% sodium hydroxide solution.
The eluate is sent for the precipitation of arsenic and
antimony using pyrolusite technology. At the same time,
deep purification of wash water from toxic elements
is achieved, the return of valuable metals to the main
production cycle, which ensures the reuse of purified
wash water and complete water circulation.

The use of organic, inorganic and carbon sorbents
for the purification of process solutions from arsenic
is often associated with large volumes of poor eluates
obtained, complicating the precipitation of arsenic and
the water balance of the circuit. The most common
extractants for the selective extraction of arsenic from
spent copper electrolyte are reagents of the class of
neutral organophosphorus compounds, in particular,
tributyl phosphate (TBP) [21].

Extraction of arsenic from acidic TBP solutions

consists of the following main stages:

* extraction of arsenic from acidic solutions into the
organic phase:

* re-extraction of arsenic from the organic phase with
water or sodium sulfate solution:

* precipitation of arsenic from the re-extract in the
form of calcium arsenate or arsenic sulfide.

The degree of extraction of As(V) ions using TBP
depends on its basicity, temperature, number of stages,
ratio of arsenic to extractant, and concentration of
sulfuric acid. Under optimal process conditions, the loss
of sulfuric acid does not exceed 5-10%.

Conclusions. Thus, by the beginning of the new
millennium, in the areas of mining and operation
of metallurgical enterprises processing these raw
materials, a huge amount of waste containing high
concentrations of arsenic compounds had accumulated
in dumps and tailings. In them, arsenic is in the
form of compounds such as high-calcium arsenates,
arsenapatites, scorodite - chemical complexes that
are poorly soluble in water and stable under normal
conditions in closed systems of natural equilibrium.
Under conditions of free contact of the dump mass
with the external environment, chemical interactions
occur in it with the formation of new mobile arsenic
compounds that are easily soluble in aqueous media,
posing a danger to the flora and fauna of the
environment in the regions where they are stored.

Therefore, all technical solutions on the issue
of arsenic neutralization must fit into the dynamic
equilibrium of the arsenic cycle in nature. The optimal
solution to this problem, apparently, can only be
achieved if conditions are provided that correspond to
the processes of formation of natural systems.
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