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Abstract

This paper deals with the effect of preparation parameter on particle size and microstructure of the pre-
pared ferrosoferric oxide. 10 prepared samples (from 23 samples) and one standard sample (Bayferrox
318 standard 88) collected from BAYER, Germany was selected for this study. X-ray diffraction, pet-
rographic microscopy, scanning electron microscope and particle size analyzer were used to character-
ize the phase present, particle size and shape of the particle. It is observed from X-ray diffraction that
all these samples mainly contain Fe,O, phase. The shape of the particle is found to be round and
agglomerated. The average particle diameter of highest portion of pigment in the peak region is ranged
from 12.25p to 17.32y, which is very similar to the standard sample (17.32p). Sample number 9, which
was prepared with ferrous sulphate, hydrochloric acid, sodium nitrate and ammonium hydroxide at a
molar ratio 1:1.74:0.16:4.07 and standard sample contain narrow high peak in their particle size distri-
bution curve. Another observation is that, experimental parameter, though have some effect on particle
size but have no effect on microstructure.
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Introduction

This work is a continuation of a study on
black iron oxide pigment (Neger et.al.2008).
In that paper, effect of preparation parameter
on the physical and optical properties as well
as the statistical evaluation on the prepara-
tive methods was investigated. Particle size
affects surface characteristics such as
smoothness, brightness and uniformity when
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the pigments are incorporated into media to
make paints. The most important physical
property of a pigment is hiding power, which
also depends on particle shape and hence
upon the method of manufacture. Again,
opacity can be increased by increasing their
surface area as well as by reducing the size
of the particle. Other size dependent proper-



32 Studies on Black Iron Oxide Pigment. Part-I1:

ties of pigments are plasticity, durability and
gloss.

Although many studies have been done on
the preparative method of ferrosoferric oxide
(Ayers and Joseph 1939, Kensavgya et. al.
1963, Dobos et. al. 1963, Frey and Friedrich
1962, Farbenind 1936, Maruschek and Hans
1959, Manfred and August 1970, Reymer
1956, Srivastava et.al. 1959, Szigeti, 1961,
Toma et. al. 1964, Williams et. al. 1941,
Yoshiro (1958), but there is only very scanty
information on microstructure of these pig-
ment. The objective of the present study is to
evaluate the effect of preparation parameter
on particle size and their microstructure.

Materials and Methods
Materials

Commercial grade materials were used
through out the study. The chemicals
required for the above purpose were ferrous
sulphate heptahydrate (97.87%), concentrat-
ed hydrochloric acid (32%), ammonium
hydroxide (17%), sodium hydroxide, sodium
carbonate, calcium hydroxide and sodium
nitrate.

Preparation

Depending upon the reaction parameter, 10
out of the 23 prepared samples and one ref-
erence sample were selected for the present
investigation. The samples were so selected
that effects of all important preparation
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parameters are represented. These samples
were prepared by conversion of ferrous sul-
phate to ferrous chloride followed by the
treatment of precipitating agent in presence
of an oxidizing agent. Air was passed
throughout the system constantly at the rate
of 20Ib/min. The speed of stirring, the capac-
ity of the reaction vessel and the temperature
of the reaction media were kept constant
(500rpm, 5L and 90°C respectively) for all
the experiments. The experimental condi-
tions which were varied for the preparation
of these samples are; for sample-1, molar
ratio of iron to hydrochloric acid, sodium
nitrate and ammonia as precipitating agent
was 1:0.5:0.16:3.0. For sample-2, the molar
ratio was same but the precipitating agent
was sodium carbonate, for sample-3, the pre-
cipitating agent was sodium hydroxide and
for sample-4, that was calcium hydroxide.
For sample number 5 and 6, the molar ratio
of iron to hydrochloric acid, sodium nitrate
and ammonium hydroxide were
1:0.75:0.16:3.0 and 1:1.74:0.16:3.0 respec-
tively. Sample number 7, 8 and 9 were pre-
pared by changing molar ratio of iron to
ammonium hydroxide only. The conditions
of reaction parameters for these three sam-
ples were molar ratio of iron to hydrochloric
acid, sodium nitrate and ammonium hydrox-
ide 1:1.74:0.16:2.71, 1:1.74:0.16:3.39 and
1:1.74:0.16:4.07 respectively. The ratio of
hydrochloric acid and oxidizing agent with
iron of sample number 1 was kept constant
for these three experiments. And sample
number 10 was prepared by altering the
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molar ratio of iron to oxidizing agent keep-
ing all other reaction parameter of sample
number 9 constant. The condition of reaction
parameter of sample number 10 was molar
ratio of iron to hydrochloric acid, sodium
nitrate and  ammonium  hydroxide
1:1.74:0.16:2.71.

Testing procedure
Particle size

Particle size of these pigments was deter-
mined by a 'Micromeritics particle size ana-
lyzer of model 5100' using sedimentation
method. Reynolds number, liquid density,
liquid viscosity and temperature were 0.27,
0.9939 g.cm-3, 0.7154 CP and 35.50C
respectively and kept constant throughout
the experiments. Mean and standard devia-
tion on particle size of these pigments were
calculated by statistical method (Mostafa
1984.

External surface area

The external surface area of powdered and
granular materials can be calculated (Hilton
1968) from particle size distribution meas-
urements,

Sw= 5 X

©IR
<[z

Where o is a shape factor that equals 6 for
spherical or hereby spherical particles, p is
the density, W; is the weight fraction per unit
weight and M; is the mean particle size of the
corresponding size interval. If r is expressed

in g/cm3and Mi in cm, then Sw is in cm2 /g.
X-ray diffraction studies

The X-ray diffraction patterns were recorded
by an X-ray difractometer (Model JDX-8P
JEOL) using Zr filter and MoKa radiation in
the Department of Metallurgical Engineer-
ing, Bangladesh University of Engineering
and Technology. The patterns were obtained
between two-theta range of 5-600 at 30 KV
and 20 mA. A scanning speed of 29/min was
used.

Photomicrograph

Photomicrographs of black iron oxide pig-
ment of sample 1 and 7 were done by a pet-
rographic microscopy of model LEICA DM
LP attached with MPS 30 camera.

Scanning electron micrograph

SEM of black iron oxide pigment (sample 7)
was done at the Department of Material
Science and Engineering, Ohio State
University, U.S.A. Prior to observation sam-
ple was gold coated. EDS analysis was car-
ried out at the same time.

Results and Discussion

The most significant size for pigments is the
projected area diameter since this diameter
governs the covering power of the pigment.
The objective of this study is to observe how
preparation parameters affect the particle
size and microstructure of the said pigments.
Table | showed the mass percent of average
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particle diameter (from average diameter
2.4491 to 44.72p) for each pigment. Sample
number 1, 2, 3 and 4 were prepared by using
different precipitating agent e.g. ammonium
hydroxide, sodium hydroxide, sodium car-
bonate and calcium hydroxide. It is found
from this table that sample number 4, which
was prepared with calcium hydroxide, is the
coarsest and sample number 1 which was
prepared with ammonium hydroxide is the
finest among these four samples. This indi-
cates that calcium hydroxide, as a precipitat-
ing agent make the product particle coarser
and ammonium hydroxide as a precipitating
agent produces the finest product even than
the standard sample (around 9% sample par-
ticle of reference sample has diameter above
44.72). These four products posses the
highest portion of pigment at average parti-
cle diameter 12.25u. The reference sample
has the highest portion of pigment at average

particle diameter 17.321. When the products
were made by the variation of amount of
hydrochloric acid only (sample number 1, 5
and 6), it is found that higher amount of
hydrochloric acid used (more than the molar
ratio of iron to hydrochloric acid 1:0.5) in the
reaction shows negative attitude towards the
particle size. Another observation is that
amount of ammonium hydroxide as precipi-
tating agent also affects the particle size of
the product. It is found that molar ratio of
iron to precipitating agent at 1:4.07 is the
best among the four experiments (1:2.71,
1:3.0, 1:3.39 and 1:4.07). And the last obser-
vation from this table is that higher amount
of sodium nitrate as oxidizing agent (sample
number 1 and 10) than the molar ratio of iron
to oxidizing agent 1:0.16 does not show the
positive result, and below this ratio, the reac-
tion does not takes place (observed in this
laboratory).
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Fig-1: Particle size distribution of some Black Iron Oxide pigment; Curve-1: Sample No-1;
Curwe-2: Sample No-2; Curwe-3: Sample No-3; Curve-4: Sample No-4; Curwe-5: Standard
Sample and Curwe-6: Sample No-7.
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The particle size distributions curves of the
samples and reference sample are shown on
the figs.1 and 2. These curves are obtained
by plotting particle diameters against mass
percent. It is known that good pigment prop-
erties are observed when most of the parti-
cles in the pigment exist in a narrow particle
range. This is evident by a sharp peak in the
distribution curve. This trend is observed for
most of the samples. It is found that particle
size distribution of these samples posses
only one peak all most at the same region
(12-17um) except sample 4 and 7. Among
them, sample number 1, 3 and 9 and refer-
ence sample, contain more than 75 percent
pigment at the peak region and posses a nar-
row single peak. When the sample contain
below 50 percent pigment at the peak region
e.g. sample number 4, 7, 8 and 10, the trend
of the curves contain wide single peak or
more than one peak. Sample 2, 5 and 6 con-
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tain more than 50 percent pigment in the
peak region. Thus from particle size distribu-
tion curve, it can be said that type and
amount of precipitating agent during the
preparation, affects the trend of particle size
distribution curve.

Table 11 represents the surface area, descrip-
tive statistics on average particle size of
some black iron oxide pigment. It is found
that sample number 1, 3 and 9 have average
particle size higher than that of reference
sample (8.308, 7.460 and 9.240u respective-
ly). Again sample number 2, 6 and 10 have
nearly similar average particle size as stan-
dard sample (7.642, 7.275, 70171 and
7.592u respectively). All the standard devia-
tions of particle size distribution of black
iron pigment are high except sample number
7 and 8. But standard deviation of particle
size distribution of sample number 1, 3, 9
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Fig-2: Particle size distribution of some Black Iron Oxide pigment; Curwe-1: Standard
sample; Curwe-2: Sample No-5; Curwe-3: Sample No-6; Curve-4: Sample No-8; Curve-5:
Sample No-9 and Curwe-6: Sample No-10.



Neger, Ahmed, Parvin and Alam

Table Il: Descriptive statistics on particle
size distribution and surface area
of black iron oxide pigment

No of Surface Mean Standard

Sample area | particle size | deviation

1 0.258 8.308 14.405
2 0.203 7.642 8.124
3 0.148 9.460 14.811
4 0.131 6.633 6.678
5 0.134 6.433 7571
6 0.172 7.275 8.637
7 0.101 4.675 2.365
8 0.147 5.067 5.489
9 0.155 9.240 12.746
10 0.136 7.717 6.635
Reference 0.159 7.592 14.257
Sample

and reference sample are extremely high,
which spoke that the particle size distribution
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curves of these samples posses a single sharp
peak. Particle size distribution having one or
two predominant peak shows better pigment
properties than having many peaks. If a pig-
ment has one or two sharp peaks, then the
mass percent of that pigment in different
region are not so close. For this reason, the
standard deviations become high but favor-
able for particle size of a pigment. The exter-
nal surface areas of these pigments are also
comparable to that of reference sample.

The XRD patterns of sample number 1, 7
and 10 are shown on fig. 3 with their d-val-
ues. The patterns were almost completely
indexed with JCPDS Powder Diffraction
Data File number 26-1136 with the position
of the peak and matched very well with those
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Fig. 3: XRD patterns of some black iron oxide pigment, Curve-A: Standard sample, Curve-B:
Sample number-1, Curve-C: Sample number-7 and Curve-D: Sample number-10
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reported for the standards. For the sake of
comparison an XRD pattern was also record-
ed for a reference sample. It can be seen
clearly that almost all the peaks matched to
those of the reference sample. Indexing is
done and within the limits of XRD detection
these particular peaks are found to be reflec-
tions from (220), (311), (400), (422), (511),
(440) and (533) planes. It can be noted that
these patterns show the Fe;O, phase with
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cubic crystal structure having a = 8.0903. It
is also clear from the XRD patterns that the
conversion of ferrosoferric oxide from fer-
rous sulphate heptahydrate in the black iron
oxide pigment is completed.

Fig. 4 is a photomicrograph of black iron
oxide pigment of sample number 1 and 7
using reflected light in a 100 X magnifica-
tion. The black area represents the spreaded

Fig. 4: Photomicrograph of black iron oxide pigment (transmitted light 100X) A: sample
number- 1 and B: sample number -7

Fig. 5: Scanning electron photomicrograph of black iron oxide pigment (Sample No-7)
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Fig. 6: EDS analysis of sample no 7

pigment. It seems that the shape of particle
is spherical. Scanning Electron Micrograph
of black iron oxide pigment of sample 7 is
shown on figure-5 (magnification 2u and
10p). It proves the result of photomicro-
graph and clearly shows that the shape of
particle is spherical and agglomerates among
themselves. EDS analysis of this sample
(fig. 6) confirms the presence of iron and
oxygen. Gold peaks come from the Au coat-
ing needed for SEM analysis.

Conclusion

It is found that black iron oxide pigment
(sample number 9) prepared from ferrous
sulphate heptahydrate using 50ml 32%
hydrochloric acid, 5g sodium nitrate and
300ml 17% ammonia as precipitating agent
gave very similar trend of particle size distribution

curve with that of reference sample.
Reaction parameters though have much
effect on the preparation of black iron oxide
pigment, but after preparation they all poss-
es Fe;0, phase.
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