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PHASE DIAGRAM OF BARIUM ARSENATE
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Arsenic is a metalloid found in the earth's erust and
osceans. Arsenic cottamination in the environment, especially
in water, results in the transfer of arsenic info living
organisms. Arsenic in the human body may affect several
argans such as the gastroinfestinal fract, respiratory tract,
skih, and liverl. Arsenic can occur in the envirenment in
several oxidation states (-3, 0, +3, +3) but in naturel waters
is mostly found as arsenic(ITI) end arsenic(V).

The speciation of arsenic depends on pH and potential
as shown in the Eh-pH diagram? {Figure 1) and speciation v
pH diagram eafculated from pK; (Figure 2). The dissociation
reactions and disseciation constants af 25 °C 1 of arsenous
acid and arsenic acid are:

HiASO, mam=H + HpAsOy K 260x 1040 pKy= 923

5 ¢ HASO Koz 74108 pip =213
HASOZ===H' + AsOf* Kz=50x 1018 pi,=13.40
HyAsO, ==mHr + HpASDy K2 598107 pK = 2.22
HoAsOymsmtlh + HASOZ K= 104 %107  pk, =698
HASOZ sk + ASO Ky = 398 x 102 pKo= 1183

Pookrod, Haller & Scamehorn® have demonstrated that
polyelectrolyte enhanced ultrafilivation (PEUF) can achieve
99.05% removal of arsenate anion from solutions with
starting arsenic concentrations of 100 pg/l. To make the
process economical the polyelectrolyte musy be recovered
for reuse in the process. The recovery process i3 based on
precipitation {crystollization) of arsenate anicn  Fram
polyelectrolyte-arsenate  complexes To regenerate the
polyelectrolyte. Divalent metal cations such as barium({II}
should be ideal candidates for this regeneration due to their
very low Ksp values with arsenate anien which should lead to
stable solld phose products.

This work reports study of the relationship of the solid
phase barium and orsenate compounds versus cencentration
(moler ratio of barlum/arsenate) and pH in a phase dingram.
This diagram is usefu! 1o predict which species (phase) will
be formed at a given concentration and pH, and thus te cid
the understanding of the barium(ET) cation/arsenate(ITI)
anich system behavior.

Experimaital

The preparation of barium arsenate compounds for 1:2
bovium/arsenare molar ratio wos carried out in glass bottle by
mixing 10 ml of G.04 M of barium selution (2.0 mboof G.2 M
analytical grade Bacl-ZH,C solution diluted to 10 ml with
distilled water and pH adjusted to 2.0-12.0 by HCl or NaGH
solution) with 10 mL of 0.08 M orsenate solution (1.6 mb of
05 M analytical grade NayHASOy7H.O solution diluted fo
10 wL with disilled water and pH adjusted by HCT or NaOH
solution), giving 20 mL total volume of 0.04 M arsenate and
0.02 M barium solution. After mixing, the pH of selution was
measured immediately. The solutions were atlowed to stand
for 24 hours af room temperature to reach equilibrium, and
the pH of the supernatant wes measured. The formed solid
wos separated from the supeviatant by filtration with fitter
paper, ond air dried af room femperaiure. Gther
barium/arsenate molar ratios (1:1, 3:2, i1, 5:2, and 3:1) were
prepared by the same procedure except the barium
concentration was adjusted to the desired ratie. ‘

The barium arsenate compounds were choracterized by
powder x-ray diffraction (XRD} using a 8ruker oxs model
DBCCS x-ray diffractometer {CuKo radiation, 40 kV and
35 mA, scan range 5.0-70.0° (26), scan speed Q.1 sec/step).
The diffractograms were compared To the JCPDS (joint
committee on powder diffraction standards) files for soiid
phase identification, Infrared spectra were recorded on a
fiored medel FTSIZEC FYIR for the region 400-4000 cmt
(KBr techrique). A scanning electron microscope with energy
dispersive x-ray fiuorescence (JSM-6400 SEM and
fhicrospec model WDX-100 EDX) were used fo examine
morphology and determine heavy element compasition.
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Figuea 1. Eh-pH diogram for
argesols and argenic ecid
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Figurz 2. Speciation vs pH diagram
for arsenous and ardenic acid
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Figure 3. ¥RD spectra of BaHASOH,0 (A), Ba,CI(AsO,), (3,
NaBaAsO, 5,0 (€}, NaBoAsGyIH,G + BakA0 H,0 (D).
NaBaAs0, 9,0 + BasCl{A20.), (E) and §aHASO,H,0 + BagH(AsO,), (F)
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Figure <. Borium arsenaté phase dlagram
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Figure 5. FTIR specira of BaHAsD, H,0 (A), baBaA£0,9H,C (B),
BasCi{AsOL); (€)
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Figure 5. SEM micrograph of BaHASOH.O (A), BaLl(As0 ), (B),
NaBaAsO,9H .0 (£}, 2afaAs0,SH,O « BakAst H:O (D),
NaBaASOLIH,O + BaLKASO Y, {E) and BaHASO ;0 + BagCl(A20 ., (F)
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Results and Dizcussion

The precipitation experiments showed no precipitafe
formed at ph lower than 5.5; above this pH white precipitates
were formed. The results fram XRD analysis (Figure 3) shows
threz pure species of barium hydrogen arsenate monchydrate

(BaHAsO,H,0), sodium  barium  arsenate nonahydrate
{NaBaAsD, 9H,0), and barium chioride  arsenate
(BesCl{AsO,)) o5 well as  three mixtures  of

BakHASO, H,0/NaBaAsO, 9H,Q, BakAsO, H0/BasCI(AsO,)s.
and  NaBaAsG,9H,0/BasCi(AsQ,); found in  different
concentration and pi vegions as shomn in the berium, evsencte
phase diagram {Figure 4). The formation of different specizs
of barium arsenate at different concentration and pH a2
shown in the phase diagram corresponds to the speciatien of
arsenic versus pH {Figure 2), af very low pH the selution
species is the neutral HyAsO,. From pH = 2.0-6.5 HyAs04 is
the dominant solution specie. Both of these are quite soluble

_in the prasence of Ba?* and ne barium arsenate precipitate
3 precip

formed of pH lower than 5.0 in the phase diagram. HAsO,?> is
the dominant species in the pH range 7.0-11.5, and @n
impertant species in the ranges 5.0-7.0 and 11,5-14.0. Thus, in
the barium arsenate phase diagram, BaHAsC,H,0 was found
as o domimont species ot P nigher then 55 1o chawy 115 and,
found as part of a mixture at pH higher than 115. At pH
higher than 115 the dominant solution species is AsQ,*, but
agein it also can exist at pH lower than 115, resuiting in
NeBaAsO,SH,O in pH range 105-12.0 and BaCI(AsO,); ot pH
higher than 11.5.

FTIR spectra of the three pure phase are given in
Figure B. BoHAsO, H,O, spectrum A, shows a deminant bend

-for As-U' asymmetric strefching 877 cm, and As-OH and

As-O symmetric stretching at 631 cm’ and 854 emt,
respectively. Tn 8a,Ci(ASO,);, spectrum C, the agymmetric

* gtretch is at 812 om! and the symmetric stretch i at

84 cmiIn NeBaasO SH,0 the symmerric sireith s of
813 em™. The vibration bands in these samples are shifted
from the values found in aquecus arsenic acid® where the
As-O asymmetric stretching, As-OH and As-O symmetric
strefching for HAsOQ,: are 865 cm, 680-70C cnr', “and
846 cmt, respectively, and for AsO,> where the asymmetric
stretching is 794 cm and the symmetric stretching is
814 cm, The shift of vibration bands of arsencte may be
coused by environmental differences of arsenate molecules
bound in different crystal forms, which may change the
arsencte as well as the sirength of
crsenic-oxygen bonds, leading to shifts in the vibration bands.
The SEM micrograph patrerns {Figure &) show the
different shapes of each pure phase and the mixture of
different particle shapes in the mixed phases. Results frem
EDX analysis confirm the existence of sodium, barium and
arsenic in NaBaAsO,9H,0, chlorine, barium and arsenic in
BagCI{As0,);, and only barium and arseric in BaHAsO, H;0.
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