ISSN: 2091-0304 (print)
DOI: https://doi.org/10.3126/jncs.v44i2.68321
RESEARCH ARTICLE

L ETED S BT TS e IRDT a0l July 2024, Vol. 44, No. 2, 101-109

Production of Industrial-Grade Monoclinic Lead Chromate (PbCrO4) from
Indigenous Chromite ore for Paint Pigment Utilization

Kuranga. I. Ayinlal. 2", Alafara A. Babal, Bankim C. Tripathy?, Ranjan K. Dwari2

1Department of Industrial Chemistry, University of Illorin, P.M.B. 1515, Ilorin-240003, Nigeria.

2CSIR - Institute of Minerals and Materials Technology, Bhubaneswar-751013, India

“Corresponding E-mail: ibkuranga@gmail.com, ayinla.ik@unilorin.edu.ng

(Received: June.8, 2024; revised: July 7, 2024; accepted: July 15, 2024)
Abstract
Decades of use have proven that lead chromate (PbCrO4) powder is an excellent paint pigment
material. Unfortunately, practically this entire superb chromate compound used for decorative
systems, protective systems, and mass dyeing of paper and polymer materials is conventionally
made using inorganic synthetic chromium salts. In this study, we reported a promising simple, low-
cost lead chromate production route derived from chromite ore from Nigeria. The Nigerian chromite
ore was roasted in a 1:1 NaOH salt and then leached with water at 60°C. Lead nitrate was added to
the leached liquor to further co-precipitate it. The resulting precipitate was then cleaned in ethanol
and oven dried for ten hours at 80°C. The experimental results showed that lead ion concentration,
temperature and flow rate have large influence on lead chromate precipitation, and the precipitation
data fit a diffusion model. The activation energy of lead precipitation obtained was 4.76 kJ/mol,
and the reaction order was 0.873 nearly one in relation to the concentration of lead ion. Additionally,
XRD, FT-IR, and SEM/EDS comparative investigation of the properties established which
favourable paint pigment performance similar to that of commercial industrial lead chromate
powder in a range of all established physicochemical properties clarified the developing direction of
research on lead chromate synthesis from Chromite leached liquor.
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create practically this entire wonderful

Introduction

Lead (II) chromate, with the formula chromate compound, which is wused for

(PbCrOg), is an important chromate chemical
that occurs naturally as crocoite or crocosite [1].
PbCI‘O4

structures:

typically appears in two crystal
stable monoclinic and unstable
orthorhombic [2]. Because it possesses a bright
yellow color and is essentially insoluble in water,
it is used in paints under the name chrome
yellow [3]. Lead chromate (PbCrO4) powder has
been used for decades, proving to be an ideal
paint pigment. Regretfully, inorganic synthetic

chromium salts have historically been used to
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decorative systems, protective systems, and
mass colouring of paper and polymer materials.
Lead chromate (PbCrO4) is a chemical that is
commonly referred to as crocotite and is a
valuable solid pigment with a monoclinic P21=n
structure that is utilized as a photosensitizer [4,
5]. Lead chromate is an important solid
functional material with photo-electricity that is
widely used in ornamental and protective
applications, as well as for mass coloring rubber,
elastomers,

fibers, and plastics.[6-9]. In
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addition, it has been used as a host material for
light sensitizers, humidity-sensing resistors,
and other uses.

Recently, a number of synthetic procedures,
such as

co-precipitation, crystallization,

chemical diffusion through porous pores,
electrodeposition, chemical fusion, and so on,
have been used to create stable monoclinic lead
chromate. However, intricate operations,
time/energy consumption, and costly reagents
appear to be an impediment to the
commercialization of lead chromate synthesis.
As a result, developing rapid, easy, and mild
partways for large-scale lead chromate
production remains a significant issue. For this
reason, it is essential to synthesize lead
chromate with precise size and shape control for
its intended applications. Few or no studies
have been published to date on the synthesis of
lead chromate from local mineral ores;
nonetheless, several techniques have been used
to achieve this goal, including: Lead chromate
nanoparticles were synthesized via a chemical
co-precipitation method by Davamani and Rani
[10]. The results of the X-ray powder diffraction
analysis gave well-crystallized, tetrahedral-
shaped particles with an average size in the
nano range (70-423 nm). Marcus et al. [11]
describe a selectively adjustable process for
and PbyCrOs
microparticles by varying the parent mixture's
pH when a PVP
surfactant is present.

The resulting PbCrO4

creating PbCrOs4 nanorods

(poly(vinyl pyrrolidone))
nanorods are
extremely homogeneous, with a length of 1.2-
1.5 mm and an average diameter of 60-80 nm.
They also come to the conclusion that the phase
PbCrO4 is

influenced by pH, or more specifically, the

development of significantly

concentration of hydroxyl ions. Auraujo et al.

[12] suggested a polymeric precursor method for
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the manufacture of lead chromate (PbCrO4) in
another study. The samples' optical band gap
was determined indirectly, and the green
sample's monoclinic PbCrO4 phase was visible
in the XRD patterns. Using a ambient
temperature solution process and no other
additives, Xiang et al. [13] selectively produced
orthorhombic and monoclinic PbCrO4, Pb2CrOs,
and KyPb(CrOs4), nanocrystallites with varying
morphologies. The results showed that
changing the pH range and the molar ratio of
Pb(Ac). and KyCrO4 can significantly alter the
production of polymorphs and phases. This
simple room temperature process is useful for
the selective synthesis of lead chromate
pigments with diverse phases and polymorphs,
and it might be adapted to other inorganic
systems. Pourmortazari et al. [14] investigated
easy, rapid, and controllable precipitation
approach for the manufacture of lead chromate
nanorods in aqueous conditions. Taguchi
robust design approach with L9 orthogonal
array was used to optimize the experimental
Various

conditions for the syntheses.

experimental parameters like, lead ion
concentration and chromate ion concentration,
were discovered to have important roles in
determining lead chromate particle size. For a
long time, researchers have been closely
monitoring the usage of synthetic inorganic
salts to make chromate salts due to their
accessibility and, on occasion, low cost. There
hasn't been much interest in synthesizing
usable compounds from local mineral ores,
such as lead chromate. As far as we know, our
team is the only one that has used oxidative
decomposition and water leaching to make
monoclinic sodium chromate from chromite ore
[15].

A typical lead chromate

this

(PbCrO4)
adopting a

was

produced in study
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straightforward process of roast-leaching and
co-precipitation using Nigerian chromite ore.
The physicochemical and powder properties of
the product after oven drying have been
examined and studied. XRD, SEM/EDS, and
FT-IR were also utilized to look into the
structure and morphology of synthesized
PbCrO4. The as-prepared PbCrO4 exhibits good
purity and a long thermal capacity.
Materials and Methods

Every chemical was utilized precisely as
supplied, with no deviations in analytical purity.
The leaching of chromite ore to create sodium
chromate, which was utilized in this work, was
previously documented by Ayinla et al. [15]. A
total of 25, mL of sodium chromate leached
liquid aqueous solution was added one by one
to 5, 10, 15, 20, and 25 mL of 0.2 M Pb(NOs3)2
aqueous solutions while agitating the mixture
moderately. HCl and NaOH (1 mol L-1) were
used to change the liquids' pH to 5 or 11. The
resulting mixtures were allowed to mature for
ten hours at room temperature without being
stirred. After centrifuging and repeatedly rinsing
the products with 100% ethanol and distilled
water, the products were vacuum-dried for six
hours at 50 °C. The XRD line broadening
method of particle size assessment was utilized
in this work to evaluate the crystallite size of the
STIC Cochin, the

powder

powder sample. At

morphology of the samples was
examined with a scanning electron microscope
(SEM). utilizing a 'SHIMADZU' FTIR 8400S type
infrared

lead

spectrometer, spectroscopic  (IR)

research on chromate powder was
conducted utilizing the KBr approach. Based on
the unique properties of the materials and their
chemical composition, TG (Thermo Gravimetry)
analyses were performed at different
temperatures to investigate the behavior of the

pigments during heating. A Netzsch STA 449
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FS5A was used to investigate the heating
behavior of pigments. The TG and DSC curves
were measured using alumina crucibles in a
nitrogen atmosphere.
Results and Discussion
Leach Liquor Composition

The

solution as determined by atomic absorption

chemical components of leached
spectroscopy (AAS) analyses is presented in
Table 1.The AAS

importance of metal ion concentration prior to

results emphasize the

order to produce the

Thus, the

precipitation in
synthesized inorganic pigments.
sodium chromate solution is mostly composed
of chromium, aluminium, titanium, and
vanadium. The iron generated from the leaching
is 0.22 gL,

components do not surpass 1 gL-l. The lead

process and the remaining
chromate pigment includes 73.2 percent lead
and 23.6% chromium, with no more than 0.03
percent minor components.

Table 1:

Atomic absorption spectroscopy analysis

of used chromite ore leached liquor

Metal ions Concentration gL-!

Cr 4.92
Al 17.80
Ti 1.95
\Y 1.40
Fe 0.22
Ni 0.15
Mn 0.06
The lead chromate synthesis yield
optimization.
Optimization is a critical step in
establishing a synthesis technique for

nanoparticle formation. The purpose of this

work was to investigate how certain
experimental parameters affected the diameter
of lead chromate and to identify the ideal
experimental setup for the co-precipitation

method of producing very fine lead chromate
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(PbCrOg4) particles.
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Figure 1: Optimisation profile of precipitation parameter: (a) Effect of precipitant concentration (b) Influence of

system concentration (c) Leachee and precipitant flow rate (d) Arrhenius plot for activation energy calculation

As a result, an experimental design technique
was utilized to explore the impacts of three
parameters on the lead chromite: Pb in solution
concentration, temperature, and mixing flow
rate. Figure 1 depicts the optimisation data
representation. The concentration of lead
nitrate is critical in the chromate precipitation
To find

how lead nitrate

lead

process. out

concentration affects chromate
precipitation rate, experiments were conducted
in precipitating solutions with varying lead
nitrate concentrations (2-10%) at 30°C, 350
rpm stirring speed, and 20 ml/g L/L ratio. The
results are plotted in Figure 1la. When the lead
content was raised from 2% to 10%, the
percentage of chromate precipitation increased

considerably from 60.7% to 97.62.The chromate

precipitation @ was  studied at varying
temperatures between 10 °C to 40 °C with a
stirring speed of 350 rpm. Precipitation

efficiency increases with increasing temperature,
as illustrated in Figure 1b. After 5 minutes at
40 °C, the lead chromate production efficiency

remains at 60%. However, it clearly increases

104

with increasing temperature during the initial
and subsequent stages. When the temperature
rises above 40°C, the lead chromate efficiency
approaches 99%. Higher temperatures are
known to modify the chemical equilibrium
constant and increase the reaction rate
constant. Furthermore, the higher temperature
increases the solubility of the product
surrounding the chromate particles, making it
possible to reverse the precipitation reaction
and keep the temperature at 40°C.

Furthermore, for the co-precipitation of lead
chromate, a decreased liquid-to-liquid ratio of
the solution leads to a decrease in Chromate
efficiency. The following equation shows that for
the same Pb (NOg)2-to-leach liquor ratio of the
slurry, a higher lead nitrate concentration
results in a lower liquid-to-liquid ratio.

- Vr

" (1)
where R (mL/g) stands for the liquid-to-liquid
ratio, Vp (mL) and Vlq (mL) represent the liquor
volume of precipitant and , respectively.

According to Hua (2004) [16], the following

https://www.nepjol.info/index.php/INCS
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equation can be used to describe the co-

precipitation macrokinetics of the ore:

O L0 2 BT+ L -1 - )23
3D1+2DS[13a (1 OL) ]+Kr[1 (l OL) ]
_ C4o

- 4pro t (2)

The 6 denotes the liquid boundary layer
thickness, D1

coefficient of the group from Na,CrO; and

denotes the mass transfer

Pb(NOs3)2 in liquid, o denotes the lead chromate
precipitating efficiency, r, denotes the radius
of the lead chromate particle, Ds denotes the
mass transfer coefficient of the group in the
product layer, k. denotes the reaction rate
Cao

denotes the concentration of the group at t = O,

constant, t denotes the reaction time,
and p denotes the density of the lead chromate
particle.

The co-precipitation of lead chromate is
controlled by the diffusion of reagent in the
liquid boundary layer and equation 2 is
simplified as

3DSCt
40pro

CA, (3)

To investigate the rate-controlling step, the lead
chromate precipitation efficiency versus lead
nitrate concentration at 40 °C was fitted to Egs.
3. Figure 1d represents the natural logarithm of
the reaction rate (Ink) versus the reciprocal of
the absolute temperature (T) according to the
Arrhenius equation:

1

Ink = InA - 22 * (4)
R T

where Ea denotes the apparent activation
energy, A denotes the pre-exponential factor,
and R denotes the molar gas constant.

From Eq. (4) the apparent activation energy was
calculated as 4.76 J/mol.K, and the rate-
determining step was determined to be chemical

control in the solid product layer.
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Physicochemical and Powder Properties of
Product

The established physicochemical properties
and powder properties of the obtain product was
in Table 2. According to the
physicochemical

shown in Table 1, the obtained PbCrO4 powder

depicted
characteristics parameters
is very basic with a pH value of 12.6 and a high
°C. The powder
solubility test revealed that the only solvent
acceptable for dissolving it is 0.1M HCI. When
lead

melting point above 1400

compared to commercial chromate
purchased from China, the engineered powder
had a near range bulky density but a better
hydration capacity. All of the powder qualities
that have been established are in good
agreement with the ASTM standard [17].

Table 2: Summary of Engineering Properties of the

Obtained Lead Chromate Powder

Physicochemical properties of synthesized

PbCrO4
Moisture Content 2.4%
pH Value 12.6

Melting point 1429 °C (1432°C)
Solubility of synthesized PbCrOg4

0.1M NaOH Insoluble

0.1 M HCI1 Soluble
Ethanol Partially soluble
N-hexane Insoluble
Acetone Insoluble

Powder property of synthesized PbCrO4

Tapped denisty 3.90

Bulk density 4.99
compresibility 32.32

Hausner Ratio 1.70

Angle of response 32.09

Stabilizer property of synthesized PbCrO4

Porosity 8.43

Hydration capacity 4.09 (3.98)
Swelling capacity 1.09

Moisture sorption 0.97

https://www.nepjol.info/index.php/INCS
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XRD Result of Product
For assessing the crystalline size of a
lead

diffraction is a good approach. This method is

synthetic chromate sample, X-ray
determined by carefully quantifying the peak
broadening. The crystallite size of the powder
sample was assessed in this study utilizing the
XRD line broadening method of particle size
evaluation. The XRD pattern of a prepared
sample of lead chromate is shown in Fig. 2. As
shown in figure 2, the broadening of the x-ray
lines reveals the fine particle nature of the
materials. The standard is confirmed by a good
agreement between the studied diffraction angle
and the standard diffraction angle [2] of the
specimen. All interference in Fig. 2 was listed in
an index as a single phase of monoclinic lead
chromate with space group P21/n(14) and
lattice parameters a = 7.10, b = 7.46, c = 6.85,
and $§ =n102398°, which is compatible with
JCPDS No. 71-2064 [18,19]. In addition, the
assigned peaks showed PbO and CrOjs as the
major compound in the analyzed sample with
traces of compound such as FeO, MgO as trace

compounds.

Lead chromate

T T v ) T T T T
1e 20 3» 40 50 - 7e B0 L]

Figure 2: XRD spectra of synthesised lead chromate.
SEM Result of Product

The appearance and size of the produced
lead chromate nanoparticles were examined
using scanning electron microscopy. Fig. 3
shows SEM pictures of lead chromate
nanoparticles at different magnifications which

indicate that they are well crystalline and have

K. I. Ayinla et.al 2024

an irregular form. Fig. 3 (a) shows synthesised
lead chromate macrographs of polyhedral
granular particles with varying particle
dimensions ranging from 1 to 2 uym and a
bimodal distribution devoid of agglomeration.
Close grain connection and clearly visible inter-
granular boundaries generate a faultless
compact structure throughout the sintering

process at 300 °C, as shown in Fig. 3 (b).

Figure 3: SEM image of synthesised monoclinic lead

chromate
EDAX Result of product
The resulting lead chromate (PbCrO,)

particle was further defined by EDAX spectrum
for composition and purity evaluation (Fig. 4).
The peak in Figure 4 shows that the product is
incredibly pure; it corresponds to Pb and Cr
with an average atomic percentage ratio of about
60.03:15.47%. The presence of the appropriate
stoichiometric

element in percentage is

confirmed by elemental analysis.
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Figure 4: EDAX spectrum of synthesized pure
monoclinic lead chromate
FT-IR Result of product

Fig. 5 depicts the FTIR spectrum of the lead
chromate sample. The FTIR spectrum for lead
exhibits 3315.41cm™!,
and 3020.32 which
correspond to the free O-H group [18], as well as

a peak at 1191.93cm!, which indicates the

chromate
3139.9

peaks at

cm-l, cml,

presence of lead, and a peak at 855.75cm-!,

which reflects the Cr-O stretching mode.

XE T

Figure 5: The FT-IR spectra of synthesized lead
chromate (PbCrOa4)
Proposed Production Flow sheet

A series of hydrometallurgical processes
such as roast-leaching; iron separation and
pure chromate precipitation are included in this
lead chromate synthesis. As a result, Fig. 6
illustrates a straightforward and quick strategic

route for the synthesis.
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Chromite ore roast-leaching
*Filtration

Leached liquor |-

Filtration

NH;Solution

Residues
Solid residue

Fe, Al, Si, etc. removed - Filtrate
Co-precipitation
88% Pure Na,CrO,

Filtration/Drying 80 °C

97 % Pure PbCrO,

lead chromate (PbCrO4) production

10 % Pb(NO;),

Figure 6:

schematic diagram

Conclusions

Lead nitrate solution was used in the
leaching cum-co-precipitation process to create
monoclinic lead chromate with a large surface
area. The ideal parameters for this
straightforward and quick method of producing
lead chromate powder were: a temperature of
80 °C, a Pb2+:Cr6+ ratio of 40:60, and a 10%
Pb(NOg)2 solution. The process of preparation
produced powders with unique catalytic and
physicochemical characteristics. The PbCrO4
thin film's hexagonal structure as a nano-
crystalline was demonstrated by the XRD data.
SEM results showed that the PbCrO4
micrograph has a compact structure composed
of a single type of spherical granules with
cavities and variable size. The purity of the
synthesised power was affirmed by EDAX that
reveals appropriate element in stoichiometric
percentage and FT-IR indicates the presence of
lead, and a peak at 755.75cm-!, which reflects
the Cr-O stretching mode. Finally, for further
schematic

scaling wup, the manufacturing

diagram was developed.
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