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Abstract

The synthesis of bismuth (III) oxohydroxostearate through the interaction of stearic acid with bismuth-
containing perchlorate or nitrate solutions is investigated by means of X-ray phase analysis, thermogravimet-
ry, electron microscopy, IR spectroscopy and chemical analysis. The conditions for the formation of bismuth
stearate of BigO,(OH),Rs composition (where R is stearate anion) are determined. Reasonability of obtaining
highly pure bismuth stearate from metal bismuth is demonstrated; the latter is preliminarily oxidized with
oxygen of the air, the resulting Bi,Oj; is dissolved in nitric acid (1 : 1); bismuth is purified from extrinsic metals
by its precipitation in the form of oxohydroxostearate, which is formed on adding bismuth nitrate solution to
sodium stearate solution at the temperature of (80 = 10) °C, with molar ratio of the latter to bismuth 1.0—-1.1,
and the concentration of free nitric acid in solution 0.1 mol/l. The possibility to synthesize a solid solution of
bismuth oxohydroxostearate and stearic acid of the BigO,(OH),R; nHR composition is demonstrated. A meth-
od for the synthesis of the neutral stearate of Biz;R composition by means of alloying bismuth with stearic

acid at the stoichiometric ratio at the temperature of (90 = 10) °C is proposed.

INTRODUCTION

At present, bismuth carboxylates are used
in the synthesis of bismuth-containing oxide
materials: superconductors, piezoelectrics, cat-
alysts, etc., as well as in the synthesis of bis-
muth-containing medicines [1—3]. Because of
this, the development of simple and reliable
methods for the synthesis of these compounds
of high purity is urgent.

The compounds of bismuth (III) are usually
synthesized using the Vil grade metal (con-
taining not less than 97.7 % Bi) by dissolving it
in the nitric acid of 9 mol/l concentration,
followed by hydrolytic purification of bismuth
from impurity metals at pH 1.5—2.0 [4]. Disad-
vantages of this method are the evolution of
toxic nitrogen oxides at the stage of preparing
bismuth nitrate solution, and low extent of its
purification from the most abundant impurity
metals, such as lead, iron, and silver. It was

demonstrated [5] that preliminary oxidation of
the metal as a result of adding bismuth oxide
at (20 = 5) °C into the melt at the temperature
of (350 = 50) °C under mixing, followed by
temperature rise to (600 = 50) °C, allows one
to decrease the consumption of nitric acid by
a factor of two at the stage of preparing bis-
muth nitrate solutions, and to eliminate the
evolution of nitrogen oxides into the gas phase.
The dissolution of metal bismuth in chloric
acid is accompanied with explosion [6], but pre-
liminary oxidation of the metal allows obtain-
ing perchlorate solutions with bismuth concen-
tration 1000—1400 g/1 [5], which can be used,
similarly to the nitrate solutions, for the syn-
thesis of high-purity bismuth compounds.
The synthesis of bismuth carboxylates is
usually performed from its compounds of the
reagent purity grade, for example by the in-
teraction of bismuth oxide with the correspond-
ing monocarboxylic acid, substitution of ace-
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tate ions in bismuth acetate with other carboxy-
late groups, precipitation from bismuth nitrate
solutions in the presence of glycerol under
addition of a solution of carboxylate of an
alkaline metal [1]. It follows from literature data
that one of the most promising classes of com-
pounds, from the viewpoint of obtaining nano-
sized particles during thermal decomposition,
is metal carboxylates of the fatty organic acids.
The possibility to synthesize bismuth stearate
by adding an aqueous-glycerol solution of so-
dium stearate to the aqueous-glycerol solution
of bismuth nitrate under mixing and heating
with water bath. The authors point that the
product is a neutral salt of the Bi(C,;H35CO0),
composition with an admixture of hydroxo-
stearate of the Bi(OH),(C,;H35COQO) composi-
tion [7]. It has also been proposed to use stearic
acid as an extracting agent for bismuth deter-
mination in the objects of complicated compo-
sition [8]. In doing this, microamounts of bis-
muth are extracted with a melt of stearic acid
in paraffin in the form of BiR;; the logarithm
of bismuth extraction constant is —0.87. Thus,
at the stage of bismuth precipitation in the
form of stearate, its purification from the main
impurity metals is possible, which allows one
to obtain bismuth stearate directly from tech-
nological nitrate solutions of the production
of bismuth-containing compounds.

It was stated in the X-ray diffraction studi-
es into hydrolysis of bismuth-containing per-
chlorate [9] and nitrate [10] solutions that at
high bismuth concentration it exists in those
solutions in the form of hexanuclear complexes
of the BiGO4(OH)i+ composition. The hydro-
lysis of the indicated solutions is accompa-
nied by the formation of solid products of
the [BigO4(OH),](NO3)s UnH,O composition,
where n is either 4 or 1 [10—12], as well as
Bi;O4(OH),(ClO,)s U7H,O [13]. The possibility of
bismuth extraction with di-2-ehtylhexylphos-
phoric acid from chloric solutions is demonstrated,
depending on pH and bismuth concentration in
the organic phase, either in the form of acidic
solvated BiR;[PHR complex, neutral salt of di-
alkylphosphate BiR;, and oxohydroxodialkylphos-
phate Bi;O,(OH),(C,;H;,0,PO0), [14]. The pos-
sibility of the formation of oxohydroxocom-
pounds of bismuth with polynuclear cation and
organic ligand can be used for efficient separa-

tion of bismuth from impurity metals, sharp
decrease in the consumption of organic acid
for the synthesis of bismuth-containing oxide
materials, broadening of the range of chemi-
cal precursors for obtaining the particles of
metal or bismuth oxide with different mor-
phology.

The goal of the present work is to make an
attempt to synthesize bismuth (III) stearate in
the form of oxohydroxocompound with the
participation of polynuclear cation taking into
account the above-mentioned data. Below we
present the results of investigation of the com-
position of products formed in the interaction
of stearic acid with bismuth-containing per-
chlorate and nitrate solutions, and purification
of bismuth from impurity metals by means of
its precipitation in the form of oxohydroxo-
stearate.

EXPERIMENTAL

The initial bismuth-containing solutions were
prepared by dissolving the oxide of “os.ch.” (es-
pecially pure) 13—3 grade for single crystals,
TU (technical specifications) 6-09-02-298-90,
in perchloric acid (concentration: 8.7 mol/l) or
in nitric acid (6.0 mol/1). The synthesis of bis-
muth (III) oxohydroxostearate started from
the initial solution of bismuth perchlorate
(1000 g/1 Bi) which was preliminarily diluted
with distilled water till the concentration of
315 g/l and added to sodium stearate solution
at the temperature of 80 °C and pH 1.0. The
volume of bismuth perchlorate solution was
0.3 1; after having added sodium stearate solu-
tion, total volume of the solution was correct-
ed by adding distilled water till 0.7 1. The sodi-
um stearate solution was obtained by dissolv-
ing the salt in distilled water or by neutraliz-
ing stearic acid with sodium hydroxide solu-
tion. The synthesis was performed in Teflon
vessels equipped with mixers. The mixture was
stirred for 1 h. After precipitation for 1 h, the
precipitate was filtered under vacuum, washed
on the filter with distilled water, and dried in
the air.

The interaction of bismuth oxide with the
stearic acid melt taken in the stoichiometric
ratio was conducted by heating the mixture at
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the temperature of (90 = 10) °C for 6 h. The
X-ray phase analysis (XPA) of the synthesis
products was performed with DRON-3 instru-
ment using CuK, radiation at the counter ro-
tation rate of 0.5 deg/min and I = 1000. The
curves of differential thermal analysis (DTA)
and mass changes (TG) of the samples under
investigation were recorded with the deriva-
tograph of MOM Co. (Hungary) at the heating
rate of 10 °C/min. The IR absorption spectra
(IRS) were recorded with Specord 75 IR spec-
trophotometer in the region 400-4000 cm™.. The
samples were prepared as tablets with the cal-
cined KBr. Electron microscopic images were
taken using the JEM-2000FXII transmitting
electron microscope at the accelerating voltage
of 200 kV. Metal concentrations (Bi, Pb, Ag,
Fe, Cu, Zn) in the liquid and solid phases was
performed by means of atomic absorption us-
ing Saturn 2M spectrophotometer. The synthe-
sis products were preliminarily treated with
the nitric acid solution (1 : 1).

RESULTS AND DISCUSSION

Bismuth does not form complexes with per-
chlorate ions in the solutions of chloric acid.
Depending on concentration, bismuth is present
in these solutions either as Bi’** aqua ions or as
a polynuclear complex BiGO4(OH)g+; the hyd-
rolysis resulting in the formation of oxohy-
droxoperchlorate proceeds at pH > 2. Taking
these facts into account, we investigated pre-
cipitation of bismuth stearates from these so-
lutions at the molar ratio of stearic acid to
bismuth equal to 3 and 1. For the case of pH
of solution equal to 1.0, the residual bismuth
concentration in solution is 0.28 g/l (bismuth
precipitation extent: 99.8 %); for pH 2.0 estab-
lished by adding sodium hydroxide, the resid-
ual concentration does not exceed 0.001 g/1.

The data of XPA, IRS, thermal and chem-
ical analysis are the evidence that the product
of bismuth precipitation from perchloric solu-
tions upon adding sodium stearate solution to
them (or in the case of reverse order of pour-
ing solutions together) at the temperature of
(80 = 10) °C, sodium stearate to bismuth ratio
equal to 1, and pH 1 is bismuth oxohydroxo-
stearate BizO,(OH),(C,;H;;COO)g; in the case of

molar ratio equal to 3, it is a solid solution of
bismuth oxohydroxostearate with stearic acid
of the iO,(OH),(C,,H;;COO)s LhHR composition.
According to the data of chemical analysis,
the concentration of perchlorate ions in the
precipitation products does not exceed 0.01 %,
while molar ratio of stearate ions and bismuth
is 1.01 in the first case and 2.96 in the second
case.

The X-ray investigation of structural char-
acteristics of bismuth stearates demonstrated
(Fig. 1) that characteristic diffraction maxima
related to free stearic acid (curve 1) and sodi-
um stearate (curve 2) are absent from these
products. The two compounds have both com-
mon structural characteristics and substantial
differences. For instance, reflections which can
be identified as Bragg reflections from basal
planes with (001) indices are present in the X-
ray diffraction patterns of these compounds in
the region of small angles. Such a pattern of
X-ray diffraction is typical for all metal car-
boxylates investigated earlier; it determines
layered ordering of metal ions (in the case
under consideration, bismuth cations) and car-
boxylate anions. The interlayer spacing d,; for
BizO0,(0OH),(C,;H;5CO0)¢ and the solid solution
of bismuth oxohydroxostearate with stearic
acid, calculated from the experimental X-ray
diffraction patterns, are close to each other
and give approximately 51 A. However, in spite
of the observed similarity of the layered po-
sitions of ions in crystal structures of bismuth-
containing species BigO,(OH),(C,,H;;COO);
and Bi;O,(OH),(C,;H;;CO0O)s nHR,
stantial difference has been revealed in their
structures. First, layered reflections of the
BizO0,(0OH),(C,;H;;CO0)z compound (see Fig. 1,
curve 3) are broadened substantially in com-
parison with those for Biz;O,(OH),(C,,H;;COO);
UnHR (see Fig. 1, curve 4). Second, a broad
amorphous halo is observed in the X-ray dif-
fraction patterns of BizO,(OH),(C,;,H;;COO);
in the region of large angles, while for
BizO,(OH),(C,;H;;CO0); OnHR the X-ray re-
flections clearly recorded in this angle region
determine reflections from the planes with (hkl)
indices h, k, 0. In our opinion, this difference in
the X-ray diffraction patterns of the compounds
under consideration is an unambiguous evidence
that long aliphatic chains are disordered in the

a sub-
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Fig. 1. X-ray diffraction patterns of stearic acid (1),
sodium stearate (2), bismuth oxohydroxostearate (3)
and its solid solution with stearic acid (4).

structure of BigO,(OH),(C,;H;;COO)4, unlike
BizO4(0OH),(C,;H;;CO0)s, UnHR. Simultaneous
presence of layered reflections and amorphous
halo in the diffraction patterns characterizes
the liquid crystal state of the substance, which
is often observed in smectic crystals when pass-
ing from crystalline state to mesomorphous one
[15]. Thus, the BigO,(OH)4(C,,H;;COO); compo-
und exists initially in liquid crystal state.

According to the data of thermal analysis,
the TG curve of bismuth oxohydroxostearate
(Fig. 2, a) can be due to the destruction of
stearate ions with two sharp exothermic ef-
fects on the DTA curve at 300 and 410 °C,
which result in the formation of bismuth ox-
ide. The endothermic effect on DTA curve at
150 °C is due to melting. The TG curve of the
solid solution of bismuth oxohydroxostearate
with stearic acid (see Fig. 2, b) exhibits two
endothermic effects at 70 and 100 °C; the first
one is likely to be due to melting of stearic
acid, while the second one relates to the melt-
ing of bismuth oxohydroxostearate in the pres-
ence of stearic acid melt. Further temperature
rise leads to the decomposition of bismuth ox-
ohydroxostearate (sharp exothermic effects at
320, 380, 440 and 500 °C) with the formation
of oxide.

Exposure of the samples for 5 h at 350 °C
leads to the formation of bismuth oxide. How-
ever, in this case, due to incomplete oxida-
tion, the oxide can contain fine metal bismuth
as admixture. The DTA curve (see Fig. 2, c)
exhibits endothermic effect at 271 °C, corre-
sponding to metal bismuth melting; its oxida-
tion takes place at the temperature above 500 °C.
Endothermic effect at 729 °C is due to the poly-
morphous transformation of monoclinic a mod-
ification of Bi,O; into high-temperature cubic
face-centered & modification; endothermic ef-
fect at 820 °C is due to melting of bismuth (III)
oxide [16].

It follows from the comparison of the IR
absorption spectrum of bismuth oxohydroxo-
stearate with the spectrum of pure stearic acid
(Fig. 3, curves 1 and 2) that changes in the bands
of the spectra are connected with the substitu-
tion of the hydrogen of hydroxyl group with
the BizO,(OH)" cation. Really, the spectrum
of salt exhibits no bands related to the vibrati-
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Fig. 2. Thermal analysis curves of the samples of bis-
muth oxohydroxostearate (a), its solid solution with stearic
acid (b), and after calcinations for 4 h at 350 °C (c).

ons of carboxylic group: VOH — 3400-2500 cm ™},
SOH — 940 cm ! and vC=0 — 1710 cm™}; instead,
there are bands related to the vibrations of
carboxylate ion: v,.COO~ — 1525 cm ! and
1540 cm™!, v.COO~ + 8CH, — 1415 cm™' [17,
18]. The ratio of intensities of the maxima of
stretching 8CH, vibrations (in the region 1500—
1450 cm ™) is also changed. In addition, the in-
tensity of the band with the maximum at
1300 em™! (combined vibrations 8OH + vC—-0O
of the acid dimer) decreases sharply. The pres-
ence of a series of bands in the region 1350—
1150 cm™!, assigned to the fan vibrations of
CH; and characterizing the length of the hyd-
rocarbon chain [17], is the evidence of trans-
position of these groups with respect to each
other. Similarly to the case of sodium stea-
rate, the band of torsion vibrations of methyl
group (540 cm™) is shifted with respect to its
position in the spectrum of the acid (550 cm™})
[17]. Weak bands with the maxima at 560 and
620 cm !, as well as those in the region 1200—
1050 cm™, are likely to belong to the vibra-
tions of Bi().OLL(OH)fiJr cation. The presence of
OH groups in this compound is evidenced by
the appearance of absorption band at 3560 cm™,
which can be assigned to the stretching vibra-
tions v (OH)™ [17, 19].

The IR absorption spectra of the solid solu-
tion of bismuth oxohydroxostearate and stear-
ic acid differ substantially from that of bis-
muth oxohydroxostearate (see Fig. 3, curves 2
and 3). For instance, along with the band
v,.COO™ 1565 cm™!, the spectrum of the pro-
duct contains the bands related to the vib-
rations of carboxylic group Vv(OH) (3400-
2500 cm ™ !) and vC=0 (1700 cm™}). The shift of
the maximum of the later in the spectrum of
the product, in comparison with its position in
the spectrum of pure stearic acid (1710 cm™?),
confirms the formation of a compound of bis-
muth oxohydroxostearate with the acid. This is
also the reason of the shift of v,,COO™ and
V(OH) bands of the complex BizO,(OH)}" ion
(1525 - 1565 and 3565 — 3600 cm™ !, respec-
tively). The difference of the spectrum of so-
lid solution of bismuth oxohydroxostearate and
stearic acid from the spectrum of bismuth oxo-
hydroxostearate in the region below 1500 cm™
is also due to the presence of stearic acid in
the product. Washing with ethanol leads to the
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Fig. 3. IR spectra of stearic acid (1), bismuth oxohydroxostearate (2), its solid solution

with stearic acid (3) and neutral bismuth stearate (4).

removal of stearic acid, after which the pro-
duct is bismuth oxohydroxostearate.

For comparison, we performed the synthe-
sis of the neutral salt of Bi(C,;H;;COO); com-
position according to the procedure based on
adding the aqueous-glycerol solution of sodi-
um stearate to the aqueous-glycerol solution
of bismuth nitrate [6]. However, the data of
XPA and IRS are the evidence that the ob-
tained product is mainly a solid solution of
bismuth oxohydroxostearate with stearic acid.
The indicated salt of the Bi(C,,H;;COO); com-
position was synthesized by the interaction of
fine crystalline bismuth oxide with the melt
of stearic acid at the molar ratio of 3, at the
temperature of 100 °C under mixing. Bismuth
oxide, in the form of oriented splices of elon-
gated prismatic (almost needle-like) crystals
with the size of a single crystal ~ 5 pm, was
obtained in this case by adding bismuth ni-
trate solution into the sodium hydroxide solu-
tion, with the free concentration of the latter
in solution 1.0 mol/l at the temperature of
20 °C [20].

According to the X-ray data, the Bi(C,,;H3;COO);
compound has characteristic diffraction maxi-

ma with d/n equal to 2.68, 3.56, 3.80, 3.85,
5.13, 5.75, 6.56, 7.63, 9.03, 11.33 and 1443 A
Similarly to the case of previously considered
compounds of bismuth oxohydroxostearate and
its solid solution with stearic acid, the diffrac-
tion patterns of Bi(C,;H;;COO),; contain Bragg
reflections in the region of small angles; they
characterize layered ordering of bismuth ions
and stearate anions. However, unlike bismuth
oxohydroxostearates, the interlayer spacing for
the neutral salt was 46 A. The DTA curve of
the neutral salt exhibits an endothermic effect
at the temperature of 100 °C, which differs
from the temperatures of phase transforma-
tions for bismuth oxohydroxostearate and its
solid solution with stearic acid. Temperature
rise leads to the decomposition of bismuth stea-
rate (exothermic effects at 350, 380, 430 and
500 °C) resulting in the formation of oxide.
Bands corresponding to the vibrations of
carboxyl group of the acid vC=0 and v,00H
(1710, 34002800, 940 cm™!) and BizO,(OH)S"
cation (560, 620, 3560 cm™!) are almost com-
pletely absent from the IR absorption spectrum
of the neutral salt (see Fig. 3, curve 4). The
spectrum contains only bands related to the vib-
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rations of carboxylate ion: a doublet 1545,
1520 cm™ (v,,COO7) and 1410 cm™ (v, COO™ +
8CH,). In the region 1400—650 cm™!, changes in
the bands of stearic acid in the spectra of
bismuth stearate and oxohydroxostearate are
almost identical

According to the data of electron micro-
scopic investigation of the precipitation pro-
duct, the crystals of bismuth oxohydroxostea-
rate, solid solution of bismuth oxohydroxo-
stearate with stearic acid, and the neutral salt
are plate-like; as a rule, they do not exhibit
strict facing. The thickness of the resulting crys-
tals is 50—100 nm; linear size (length) of the
plates is up to 1 [

The synthesis of bismuth-containing com-
pounds is usually performed by means of
hydrolytic processing of bismuth-containing
nitrate solutions obtained by dissolving the
metal of Vil grade in nitric acid [4]. The
investigation into bismuth precipitation from
nitrate solutions provides evidence that, sim-
ilarly to the case of perchlorate solutions,
the formation of bismuth oxohydroxostear-
ate takes place. In order to obtain bismuth
oxohydroxostearate of high purity, we in-
vestigated the possibility to synthesize it
from technological solutions of the produc-
tion of bismuth-containing compounds. In the
investigation, we used the metal of the Vil
grade containing, % mass: bismuth, 98.5; le-
ad, 0.88; zinc, 6.4 107% iron, 6.2 1073, antimo-
ny, 1.0 1073 copper, 9.5107% silver, 5.6 107%
arsenic, 1.3 10_4; tellurium, 8.2 107°. The metal
was preliminarily oxidized in a reactor made
of stainless steel, equipped with a screw for
mixing the melt; 20 % bismuth oxide was
introduced into the reactor at 350 °C and mi-
xed; temperature was subsequently increased
up to 600 °C [14]. The obtained technical oxi-
de was dissolved in nitric acid of the “ch.”
grade (pure) with the concentration of 6 mol/I;
the bismuth-containing solution contained
420 g/1 bismuth and 80 g/1 of the free HNO..
This composition of the solution corresponds
to those usually used in the technology of
bismuth compounds.

The bismuth (IIT) oxohydroxostearate was
synthesized by adding the bismuth nitrate
solution to sodium stearate solution obtained

by neutralizing stearic acid with the sodium
hydroxide solution at the molar ratio of stearic
acid to bismuth equal to 1.05, temperature of
80 °C, and pH 1.0. The precipitate was once
washed with the nitric solution with pH 1,
twice washed with distilled water at the
temperature of 60 °C, and dried at 100 °C.
The resulting oxohydroxostearate contained,
% mass: bismuth, 42.04; lead, 1107° zinc,
1 107% iron, 8107% antimony, 4 107%; copper,
5 1077 silver, 5 1077; arsenic, < 1107°; tellu-
rium, <1 107°.

CONCLUSION

Thus, the synthesis of high-purity bismuth
(IIT) stearate can be performed by processing
bismuth-containing nitrate solutions from the
production of its compounds by means of the
following operations: preliminary oxidation of
the metal melt by the oxygen of the air to
form oxide, which allows decreasing the con-
sumption of nitric acid by a factor of two and
decrease the evolution of toxic nitrogen oxides
into the atmosphere at the stage of obtaining
bismuth nitrate solutions; its hydrolytic purifi-
cation by bismuth precipitation in the form of
oxohydroxostearate on adding bismuth nitrate
solution into sodium stearate solution under
mixing with the molar ratio of stearate ions to
bismuth equal to 1.0—1.1, temperature of 80 °C,
and the concentration of free acid in the solu-
tion 0.1 mol/L
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