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Thermodynamic systems analysis Cr—As—H,0O based on E-pH diagrams

After studying the problem of environmental pollution, it was found that the most dangerous contaminant is
arsenic. Due to the fact that the properties arsenates little studied, the analysis of published data showed that a
growing need for thermochemical data from each year for new manufacturing processes involving arsenic
compounds. This article first introduced the E-pH diagram of the system Cr—As—H,O at standard conditions
(25 °C and 1 atm. Total pressure), where the range of existence of arsenate chromium, considered the chemi-
cal and electrode reactions produce chromium arsenate compounds of chromium and arsenic. The outcome of
the conclusion about the possibility of the use of chromium compounds to output arsenic from solution in the
form of a soluble, stable chromium arsenate.

Keywords: thermodynamic systems, diagrams, copper, hydrometallurgical, arsenates, chromium arsenate.

Today copper-concentrating and metallurgical enterprises are serious polluters of the environment in
particular, and the hydrosphere. Some of the most dangerous pollutants are arsenic, that exists in the form of
arsenates, wherein the trivalent form of arsenic compounds are.the most toxic and widespread in nature [1].

In the extraction, enrichment and metallurgical processing of copper sulphide ores, arsenic is concen-
trated in waste of production, especially in a copper eleetrolyte, used during the refining copper and
wastewater [2]. Due to the small demand for arsenic it’s necessary to excrete it to low-toxic and poorly solu-
ble forms, that useful for disposal or recycling.

During the burial there is a risk of toxicants entering the groundwater and surface water. In open water,
located in areas of occurrence of buried waste content of toxic arsenic compounds can reach several milli-
grams per liter units, and in groundwater — tens'and even‘hundreds of milligrams.

At the present time, experimentally established the enthalpy of formation, combustion heat, Gibbs ener-
gy, entropy and other thermodynamic characteristics of many, but not all chemical compounds. The number
of experimental thermochemical work from year to year increases significantly, but to an even greater extent
there is growing need for thermochemical data for new technological production processes and to settle other
issues [3].

The gap between the required and available type of this information constrains not only development of
the synthesized compounds, but also the development of many of the theoretical sections of chemistry, espe-
cially the theory of the structure of relationships and properties of substances. This leads to an increase in the
role of computational ' methods that are based on are based on a small number of experimental sufficiently
reliable data allow.us to calculate the thermodynamic characteristics for other compounds in the same class.

The aim of this study is to prove the existence of the thermodynamic insoluble precipitate chromium ar-
senate (CrAsQ,) and determination of the region of stability of the compound.

In accordance with the objectives of the study purpose of this system were as follows:

= calculation based on thermodynamic data, according to a known method described in [4], participat-

ing in'the system of ions and molecules of redox potential using the Nernst equation;

— building on the basis of the calculated data chart E-pH Cr—As—H,O system.

Thus, the object of study is the system Cr—As—H,0, and the subject of study evaluation thermodynami-
cally probable behavior of the chemical elements and their compounds, including the minerals in contact
with aqueous solutions, setting the limits of capacity and pH, in which the compound element must be sus-
tainable, identify the chemical nature of the oxidation products.

Application of thermodynamic analysis, including charts and E—pH in the research process for the hy-
drometallurgical production and experimental validation of the results, given the development of a new sci-
entific direction in the field of heterogeneous systems.

In this case, the system chosen for the thermodynamic study of the possible deposition of copper elec-
trolyte in the form of soluble arsenic, chromium oxide stable compound (I1I).
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In the figure first presented diagram E—pH of system Cr—As—H,O under standard conditions (25 °C and
1 atm. of total pressure) by combining the private diagram of system As—H,O [5] with private diagram of
system Cr—H,O [6].

All the lines on the diagram E—pH of system Cr—As—H,O strictly correspond to the numbers of
chemical equations, listed in table.

Table

Calculated equations diagrams reactions E-pH of system Cr-As-H,0

No. Chemical reaction Electrode reaction
1 |2H,0() = Oy t4H oy H4e E =1.23-0,059pH; Po,=1atm.
2 |Hyg=2H"( +2e E = -0.059/21gPy, 0.059pH; Py,=1atm.
3 |Cr = Cr*y+ 2e E =-0.913 +0,0295lg[Cr*]
4 |Cr+3H,00=Cr(OH)s o +3H (3¢ E = -0.654-0,059pH
5 |Cr* oy F3H,0=Cr(OH)3+3H" y+e =-0.136-0,0591g[Cr*]-0,177pH
6 |Crg—e=Cr", E = 0.4+0,0591g[Cr*"1-0,0591g[Cr ']
7 |Cr" o+ 3H,0() = Cr(OH)s, + 3H ) 1gK = 1g[Cr*"] - 3pH; pH = 1.2
8 |HCrO4 g +H' o= CrOs™ 1gK = 1g[CrO,”]-1g[HCrO4]
9 [HyCrOyu) = HCrO4'(D+H+(l) 1gK = 1g[HCrO, -1g[H,CrO,]; pH=0.75
10 |AsHs=As+3H o +3e E = -0.24<0,059pH
11 [H3As040=H,AsO, o +H ' 1g[H,AsO, T Ag[H;A80,]=2.2-pH; pH=2.2
12 HZASO4-(1):HASO42'(1)+H+(1) lg[HAsO42']/lg[H2AsO4']:7.07pH; pH=7.0
13 [HAsO,”=AsO, o +H' ) 1g[AsQ, /Ig[HASO,>] =11.54—pH; pH=11.54
14 |CrAsOy+4H,00=AsO4” 1 +CrO,7+8H (y+3e  |E =2:32-0.0971g[Cr0,7]-0.0971g[AsO,>]-0.157pH
15 |CrAsOyq+4H,00=HAsO,” 1 +CrO,>(+7H (+3e  [E = 2.09-0.0971g[Cr0,>1-0.0971g[HAsO,*1-0.138pH
16 |CrAsOy+4H,00=HyAsO, 1 +CrO,>(+6H (y+3e  [E = 1.96-0.0971g[Cr0,>]-0.0971g[H,As0,1-0.118pH
17 |CrAsOy+4H,00=H,As0, () *HCrO, +5H" #3e _|E = 1.83-0.0971g[HCrO,]-0.0971g[H,As0,]1-0.098pH
18 |CrAsOy+4H,00=H3As04*HCrOf (+4H +3e  |E = 1.79-0.0971g[HCrO,1-0.0971g[H;As0,]-0.079pH
19 |CrAsOy+4H,00=H3As040*H,CrO4+3H 3¢ [E = 1.86-0.0971g[H,Cr04]-0.0971g[H3A50,]-0.059pH
20 |As+Cr(OH)sHH,00=CrAsOuye+2H (+2e =-0.06-0.059pH
21 [As+Cr  +4H,0= CrAsOueit8H' (+5e E = 0.12+0.01181g[Cr*"]-0,094pH

Diagram analysis of E-pH system Cr—As—H,O can draw the following conclusions. Arsenic in the oxi-
dation area is advantageously in the form of arsenic acid and its derivatives, which are also quite stable com-
pared to arsenous acid and in the area of water sustainability, but in reducing area it’s occupies by solid arse-
nic and arsenic.

From the chromium compounds in the field of oxygen stability coexist H,CrO, (line 9), HCrO, (line 8),
CrO,* (line 13), that is most stable valence of chromium compounds (VI). In the water area chromium is
predominantly as hydroxide (Cr(OH);), which can also exist in the reducing region, while metallic chromium
(line'4) and ion Cr’* (line 6), is stable only in the reducing region.

How can be seen from the chart at standard conditions, as chromium arsenate is stable mostly in water
and oxidizing environment (In the ranges of potential from —0.7 to 1.8). In an environment of stability oxy-
gen chromium arsenate is decomposed into arsenic acid and its derivatives (H;AsO, (line 18), H,AsOy4
(line 17), HAsO4* (line 15), AsO,> (line 14)) and chromic acid and its derivatives (H,CrOy (line 19), HCrO4
(lines 18, 17), CrO,* (lines 16, 15, 14)). Nevertheless, it should be noted that a test compound may also be
marginally stable in a reducing environment. In hydrogen the chromium arsenate mainly decomposes into
elemental arsenic and chromium oxide (III) (line 20) and in the acidic into an ion Cr’" (line 21). pH medium
does not affect the stability of the chromium arsenate, which occupies a large pH range (0 to 14).
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Figure. Diagram E—pH system Cr—As—H,0 at 25 °C and 1 atm.

Thus, the thermodynamic analysis system Cr—As—H,O under diagram E—pH can be concluded that se-
creted arsenate chromium exhibits stability over a wide pH and potential range, and allows the use of chro-
mium oxide (Cr,O;) as a precipitant arsenic and consequently dispose acid solutions of copper production.
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E—-pH nnarpamma Herisinae Cr—As—H,O xylieciHiH TepMOAMHAMHUKAJIBIK TaJ1/Aaybl

Kopiiaran opTaHblH JacTaHy MOCEJIECiH 3epTTey OaphIChIHIA HETi3Ti JIacTaylIbUIapablH Oipi Kylona eKeHmIiri
aHBIKTAJ/IbI. ApCEHATTap/blH KacHeTTepi a3 3epTTENreHAIKTeH, o1eOH IOy KYprizy KesiHie Kyluaia
KOCBUIBICTApbl KATHICHIHAAFbI KaHA OHMIPICTIK ypicTepre TEPMOXHUMHSUIBIK HOTHXKENEP KaKEeT eKeHIIri
Genrini 6omapl. Makanana anrain peT craHaapTThl xargainapaa (25 °C xone 1 atM. xanmsl KpickiMaa) Cr—
As-H,0 xyitenin E—pH nuarpaMmacs! TYpFBI3BUIBII, XPOM apCEHATHIHBIH TYPAKTBUIBIK alfMarbl, XpPOM JKoHE
KYLIdJIa KOCBUIBICTAPBIHAH XPOM apCEHATBIH ANTY/IbIH XUMUSJIBIK )KOHE JICKTPOATHIK PEAKLHsIAPbI 3ePTTEII .
Hormxecinne KyLIoNaHbl XpOM TOTHIFbIH MaiallaHy apKbUIbl epiTiHAIEpACH KUBIH epirilll, TYpaKkThl XpoM
apceHaThl TYpiH/ie altyFa OOJIaThIH/BIFBI Typalibl KOPBITHIHIBI JKacayFa 00J1abl.

Kinm ce30ep: TepMOIAMHAMUKANBIK >KyHenep, AuarpaMMainap, MbIC, THIPOMETAJLTyprHs, apceHaTTap, XpoM
apCeHarTsl.
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Tepmonnnamunueckuii anaans cucreM Cr-As—H,0 nHa ocHose guarpamm E-pH

Wzydena mpobGieMa 3arpsisHEHHsT OKPYXAIOIIEH cpensl. YCTaHOBJIEHO, YTO HaMOoJiee OMAaCHBIM 3arps3HU-
TeJIEeM SBIISIETCS MBIIBSK. B CBA3M ¢ TeM, 4TO CBOHCTBA apCeHATOB MaJlo M3y4eHbl, B Pe3y/IbTaTe aHaIn3a JIu-
TEPATYPHBIX JAHHBIX BBISABIEHO, YTO C KaXIbIM I'OJOM PacTeT HOTPEOHOCTh B TEPMOXUMHUECKHX IAHHBIX
JUIsL HOBBIX IIPOU3BOJICTBEHHBIX IIPOLIECCOB € YUacTHEM COCAMHEHHUH MBIIIbKA. B cTaThe BIepBble MpeacTaB-
nena auarpamma E—pH cucremsr Cr—As—H,O npu cranpaptabix ycnoBusx (25 °C u 1 atm. obuiero nasie-
HUST), TA€ OTpeJiesieHa 001acTh CYIIeCTBOBAHMS apceHaTa XpOMa, PACCMOTPEHBI XUMHIECKHE U dJIEKTPOIHEIE
peakIyy TOJTydeHHs apceHaTa XpoMa U3 COeJUHEeHUH XpoMa 1 Mblmbsika. [1o uroram paboThl cienaH BEIBOX
0 BO3MOJKHOCTH HCIIOJIb30BAaHHS COSIMHEHUH XpOoMa AJBT BEIBOJA MBIIIBSIKA U3 PaCTBOPOB B BHJE TPYyJHOpAC-
TBOPHMOTO, YCTOHYMBOT'O apCeHaTa XpoMa.

Kniouegvie cnosa: TepMOANHAMHUYECKHE CHCTEMBI, OHArpaMMbl, Melb, THIPOMETALIypIHs, apCeHaTHl,
apceHart Xpoma.

References

1 Kopylov N.I. Problems of arsenic containing dumps, Ed. by acad. G.A. Tolstikov, Novosibirsk: Geo, 2012, 182 p.
2 Bortnikova S.B., Gas’kova'O.L., Bessonova Ye.P. Geochemistry of technogenic systems, Novosibirsk: Geo, 2006, 169 p.

3 Kasenov B.K., Aldabergenov M.K., Pashinkin A.S. Thermodynamic methods in chemistry and metallurgy, Almaty: Rauan,
1994, 126 p.

4 Garrels R.1., Christ I.A. Solutions, minerals, equilibrium, Moscow: Mir, 1968, 386 p.
5 Zhambekov M.L. Bull. of Karaganda University. Chemistry ser., 1997, 3, p. 106-108.
6 Reference.of chemist, Ed. by B.P. Nikolsky, Leningrad: Nauka, 1965, 3, 1008 p.

Cepusa «Xumunsx». Ne 1(85)/2017 85





