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Abstract: A series of Ni-substituted chlorapatite, (NixCai.x)s(PO4)sCl, where x= 0, 5,
10, 15 and 20, was prepared by a solution gelation method. The calcium nitrate was
used as a calcium source and di ammonium hydrogen phosphate as preferred source for
P,Os phosphorus. The Ca:P and Ca:Cl molar ratios were fixed near the specific known
values, 1.67 and 5 respectively. As prepared samples were subjected to specific sinter-
ing processes at various temperatures, particularly at 700°C, 800°C, and 900°C. X-ray
diffraction (XRD), Scanning electron microscopy (SEM), Energy-dispersive X-ray
spectroscopy (EDX), and Fourier transform infrared spectroscopy (FT-IR) were used to
evaluate the prepared sample of various compositions. The XRD and FTIR spectra
have confirmed that the chlorine ions can be incorporated in the apatite structure. The
absorption bands associated to the CI, OH", (PO,*) functional groups that characterize
the chlorapatite (CLAP) and hydroxyapatite (HAP) phases are highly defined and re-
solved in the FTIR spectra. Both chlorapatite Cas(PO,4)3Cl and calcium nickel phos-
phate (Ni doped chlorapatite) phases are simply identified. The analysis suggest that
the Ni doped CLAP calcined at 800 °C for 1 hour is the main formed crystalline phase.
Incorporation of Ni atoms into chlorapatite phase well result in increasing porosity of
the whole prepared material. The SEM observations lead to suggest that, the obtained

CLAP phases are constructed mainly in the form of crystalline-grains morphology.
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1.Introduction

Apatite is a group of phosphate minerals,
usually referring to calcium phosphate crystals
Cas(PO,)2, When this crystal interacts with OH
groups, the Hydroxyapatite mineral phase (HA)
is the main product. Although the AH structure
is known with its highest bioactivity, but its
mechanical strength is very week [1, 2].
Therefore, additional molecules or atoms such
as F, Ni, Cl, Ce, etc..., should be added to the
chemical patches to enhance the strength of the
well-prepared HA [3]. In such situation, Fluor
apatite  and  chlorapatite,  with  high
concentrations of OH", F and CI ions are the
most recommended to be prepared and used.
Phosphate-bearing  apatite  is  generally
characterized by the formula Myp(PO,4)eX2 (M
and X represent cations and anions,
respectively) [4]. One of the features of apatite
is the ability to exchange cations and anions in
the structure. As a kind of apatite, chlorapatite

[Ca10(PO4)sClz (CLAP)] is an ideal material for
heavy metal removal since the complexes of
CLAP and heavy metal were highly stable
under oxidizing and reducing conditions, and
CLAP has a high adsorption capacity for heavy
metals [5-8].

The presence of some chlorine ions in the
HA crystal lattice can improve its resorption as
well as mechanical properties. Chlorapatite can
be easily synthesized and has no toxicity to or-
ganism [9, 10]. Due to its variable pore size,
CLAP is a suitable porous material for loading
other Nano sized structures, e.g., metals and
dyes [11]. It can also transfer the metals from
unstable to stable fraction and reduces the tox-
icity by precipitation, ion exchange and adsorp-
tion effect [12-15]. In addition, chlorapatite is
poorly soluble in the water and non-soluble in
alkaline solutions, but easily dissolve in acids
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[16]. There is additional Nickel is good alterna-
tive material because its more economical than
gold and silver and it has antibacterial activity
[17, 18]. Many materials such as silver, iron
and nickel were tested and proved their ability
to improve the CLAP properties. Usually Ca
atoms are substituted by metal atom via the
method of solution gelation process [19]. The
metal can regularly have distributed in the
composite structure providing stable metal
chlorapatite (metal inside matrix) as an exam-
ple calcium nickel phosphate (CaigNi, (POg)14)
with JCPDS file no. [49-122].

The present work aimed to synthesize pure
chlorapatite and chlorapatite doped with differ-
ent concentration of nickel chloride by solution
method to achieve two objectives. One of them
is to prepare chlorapatite and calcium nickel
phosphate to study the phase stability and pow-
der characteristics. The latter are used in treat-
ment of wastewater application.

2. Materials and Procedures
2.1 Chlorapatite synthesis:

Calcium nitrate tetra hydrate solution and
Di-ammonium hydrogen phosphate solution
with ammonium chloride were prepared by dis-
solving the desired amounts in Ethyl alcohol at
room temperature on magnetic stirrer for 15
minutes. Calcium nitrate tetra hydrate solution
was added to Di-ammonium hydrogen phos-
phate solution drop wise under continuous stir-
ring for 30 minutes then added drop wise of
ammonium hydroxide to adjust pH at 9. Slow
titration and diluted solutions were used to im-
prove chemical homogeneity and stoichiometry
within the system. The resulting solution was
aged for 3 days. After aging, the precipitates
obtained were evaporated in air. The resulting
gel was oven-dried at 100 °C for 1 hour then
calcite at 700°C, 800°C and 900°C for 1h. Fig-
ure (1) represents flowchart used for prepara-
tion of chlorapatite through chemical route.

2.2 Synthesis of Ni-substituted chlorapatite
(CLAP):

The presence of different metal ions in apa-
tite improves the properties of apatite or new
properties were introduction. NiCl,.6H,0O add-
ed to Di-ammonium hydrogen phosphate solu-
tion as the flowchart in figure 1.

Ca(NO,), 4H,0+

| Drop wise addition |
dil ethanol

(NH,),HPO,+
NH,CLA+il

ethanol

Mechanical stirring

Milky solution |

[ Aging for 3 days ] | Then evaporation in air |

Precipitation

Then sintering at 700 °C, 800 °C
| Drying at 100°C/1h | and 900 °C /1h

chlorapatite

Fig. (1): Flowchart of chlorapatite synthesis.
2.3 Measurement Techniques:

X-Ray diffraction pattern: all the synthe-
sized series samples are characterized by XRD
analysis (before and after heat treated at differ-
ent temperature using a Bruker Axs-D8 Ad-
vance diffractometer, equipped with a Cu K,
source (A=0.15406 nm). 4°-70° is the 2 © range
of recorded data in step mode, with intervals of
0.02°, using a dwell time of 0.4 seconds. Phase
identification was carried out using XPert
HighScore Plus. (PANalytical, Netherlands).

2.4 Scanning electron microscope (SEM)
with energy dispersive X-ray (EDX) model
JEOL-JSM 6510LV, operating at 30 KV, was
used to examine the morphology of surface in
the prepared samples before and after sintering
at different temperature (700, 800 and 900 °C)
for 1 hour.

FT-IR absorption spectra of the doped sample
sintering were recorded at room temperature
using the KBr disk technique. The samples
were grinded to fine powder and mixed with
KBr at a ratio of 1:100 in weight in an agate
mortar. A Mattson 5000 FTIR spectrometer re-
veals the functional groups which are recorded
in the wavenumber range between 4000- 400
cm™ region with a resolution of 2 cm™. The
spectrum of each sample is the average of 30
scans.

3. Results and Discussion
3.1 X-Ray Diffraction

XRD pattern of as prepared chlorapatite and
of sintering sample at 700 °C, 800 °C and 900
°C shown in Figure (2). There are several sharp
diffraction lines representing specific crystal-
line phase in the main matrix. The structure of
the well-formed crystal is assigned to chlorap-
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atite of a hexagonal like structure which is rep-
resented by the chemical formula
Caglg7(PO4)6C|1_g4 [JCPDS card No, 88-2170].
However, it can be observed both the sharpness
and intensities of the spectral lines are higher in
the case of sample at 800 °C than at other tem-
peratures. This leads that calcination at 800 °C
is the more effective in enhancing the crystal-
line structure of the chlorapatite phase.

There was a secondary phase B tri calcium
phosphate [JCPDS card No 06-0426] at 20=
25.9°, 28° and 31.5° detected, in sample
CLAP900, which effect on CLAP phase for-
mation. Chlorapatite is still grow at 700°C for
1-hour phosphate phase at 26= 25.9, 28, 31.5
and 34.
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Fig. 3. (a-d) un calcined and calcined chlorapat-
ite with different nickel concentration (5, 10, 15
and 20 mol%) at different temperatures

Table (1) shows calcium nickel phosphate%
from XRD pattern, which are formed in cal-
cined powders at different calcination tempera-
ture. It can be observing that, low calcium
nickel phosphate% in calcined powder at 700
°C/1h is formed. The reason of this nature,
chlorapatite sample (CLAP700) contains two
phases HAP and CLAP phase, also nickel is
substituted in HAP phase as well as nickel act
as activating agent for forming CLAP phase.

A secondary phase (B-TCP) was detected in
calcined powder at 900 °C/1h, which gives non-
stoichiometric calcium nickel phosphate phase.
The reason of this nature, nickel atom is doped
in B-TCP phase. According to table samples at
800 °C are best substituted samples, which con-
tain calcium nickel phosphate phase without
impurities and secondary phase.

The crystalline size D of the main sharp
peak for the phase of chlorapatite was calculat-
ed by using Debye Scherre equation(1) [20]

D =0.914/[p, cos(0)], (1)

where A is the copper wavelength, B, is the
integral breadths of Lorentzian part in the pseu-
do-Voight function of the diffraction line that
has been simulated [21].

Table I Calcium nickel phosphate % at differ-
ent calcite temperature

N|C|2 CalgNiz(P CalgNiz(PO CalgNiz(PO
mol% | Og)14 % 4)14% 4)14%
700°C/th | 800°C/ih | 900°C/1h
5 25.2 9.2 36.3
ZODEGR 10 24.5 16.4 78.4
15 20.2 51.6 61.5
= s = o = - = 20 7.6 6.2 71.3
Mans. J. Physics.Vol(39),2022 17




The CLAP700 sample presented the smallest
crystallite size, approximately 35.6 nm. Linear
growth was observed as a function of tempera-
ture. The crystallite size in all of the samples
was less than 100 nm.as show in figure (4).
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o
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Average crystallite size (nm)
- N
o o

o

CLAP(AS) :
CLAP(700)
CLAP(800)
Temp (%)

Fig. 4. Average crystallite size of as-prepared
chlorapatite and chlorapatite at different calcite
temperature (700°C, 800°C and 900°C).

3.2 Powder Morphology

SEM was carried out on the selected series
samples were sintering at 800°C for 1 hour. All
samples were coated with Au prior investiga-
tion. The stoichiometry of the samples was
studied by EDX. EDX was carried out on the
sample before and after sintering for 1 hour
(CLAP700, CLAP800 and CLAP900), also it
carried out on selected nickel doped chlorapat-
ite sample (N15) at 800°C for 1 hour.

The morphologies of the un-calcined and
calcined CLAP powders are show in figure 5
(a-d). the observed particle sizes increased
slightly by increasing calcination temperature,
and this correlated well with the particle size
analysis results show in figure (4). A change in
the surface morphology of powders was ob-
served when the calcination temperature in-
creased from 700 to 900°C, the phase growth
from needles shape to rode shape as show in
figure 5b and 5c respectively. At higher tem-
perature, the powder particles appeared to have
fused together forming larger agglomerates as
show in figure 5d.

It can be concluded that the calcination has a
significant effect on the particle morphology
and properties. Also, it can be concluded that
calcined CLAP powders at 800°C is the best
heat treated for CLAP sample. By incorporation
different concentration (5,10,15 and 20 mol%)
of nickel particles to CLAP powders at

CLAP(900)

800°C/1h as show in figures 6 (a-d), it can be
observed that sample with 15 mol %Ni doped
CLAP powders at 800°C as show in figure 6-c
is the more effective porous sample. It can be
argued that this behavior is due to crystallinity
of the synthesized powders.

WO1immy  SS35

WD10mem  SS20

oo [0)]
Fig. 5. (a-d) SEM images of chlorapatite at dif-
ferent temperature (a) as-prepared (CLAP as);
(b) 700°C (CLAP700); (c) 800°C (CLAPS800);
and (d) 900°C (CLAP900).

3.3 Energy dispersive X-ray (EDX)

The quantitative analysis revealed that the
composition ratio of calcium and phosphorous
in the sample are listed in Table IlIl as com-
pared to the stoichiometric ratio of Ca/P (1.67)
in the pure HAP powder [25]. The Ca/Cl ratio
of pure CLAP, Caio(PO4)sCly, is close to 5 [26].
The sample CLAP800 had the best Ca/Cl ratio,
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indicating that the rise in the CLAP phase in
this sample, as demonstrated by XRD and FTIR
measurements.

WD12mem, SS27

SE1 30KV WD11imm $S31 x20,000 1pm

i 0))
Fig. 6. (a-d) SEM images of nickel chlorapatite
with different nickel concentration (5, 10,15
and 20 mol%), (a) (N5), (b) (N10), (c) (N15),
and (d) (N20) at 800°C for 1 hour

Table I11: EDS analysis of powder samples.

Atomic %
Sample Ca P 0 CL | Ca/P | Ca/Cl
CLAP700 |16.24| 10.55 | 71.91 | 1.30 | 1.5 | 12.49
CLAP800 | 16 | 12.75 | 67.29 | 3.96 | 1.25 | 4.04
CLAP900 |1757| 8.74 | 72.63 | 1.05 | 2.0 | 16.73

3.4 FTIR Spectra Analysis

The chemical stability of the samples was
validated by Fourier transformed infrared spec-

troscopy, which also identified the functional
groups present. The FTIR spectra of all CLAP
powders are shown in figure (7). The spectra
indicate that the broad peaks at 3400cm™
(stretching) and1600 cm™ (bending), which can
be assigned to chemically absorbed H,0, dis-
appear as the calcination temperature was in-
creased. The latter means, obtain carbonated
chlorapatite in all samples treated. Carbonated
chlorapatite is more stable than that of hydrox-
yapatite and more crystalline.

The region between 1460 and 1530 cm™ is
attributable to COs*decreased, while the band
at 1382 cm® is due to the NOs*and COs*
groups vanishing as the calcination temperature
IS increased.

The region (560-600 cm™) and (1000-1100
cm™) are due to the PO,> groups are still pre-
sent and its height increase as the calcination
temperature was increased. The persistence of
the OH™ group band in as sample (NO) and dis-
appear in calcined samples, suggests that the
basic apatite structure of the samples is affected
by the calcination, whereas the chemically ab-
sorbed water disappeared as the calcination
temperature was increased. The band at 863
cmis due to HPO,* group is appearing at high
calcination temperature (CLAP900), which
characteristic non-stoichiometric CLAP [22].

They only contain four groups of bands due
to phosphate ions that are all infrared active. In
fact, the vz (P-O) bands decrease of when the
Nickel content increases and the vy (P-O) bands
appear in sample N15 and N20. The O-P-O
band (v4) intensity increase when heat treated
increase as show in figure (7), also when the
Nickel content increases as show in figure 8(a-
d). Those changes are probably due to a change
of the PO, group environment caused by the
Nickel introduction.

CLAT (MNO)

g /)
=
= 700‘/_/11(0'_' I / \ ‘_jJ\
Aﬂgprcpurcdr / o N =" =i NP
/_/\ A M

4000 3IG00 3200 2H00 2400 2000 1600 1200 800 -

Wavenumbertem ')

Fig. 7. FTIR spectra for un calcined and cal-
cined chlorapatite
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The observed peak at 1123 cm™, due to the
presence of B-TCP [22], in sample which heat
treated at 900 °C/1h, has increasing intensity by
increasing Ni fraction. The occurrence of f-
TCP can follow from a chemical reaction which
is subjected at high temperature giving 3(Cas
(POy),) +Ca0 [23].

(b) NIiCLAP (N10)
B-TCE"
900 =C/1h j M
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g
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f\ \ A )
As-prepared / / N :
L _ ] \/ \ “..// \\
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Fig. 8. (a-d) FTIR spectra for un calcined and
calcined chlorapatite with different nickel con-
centration (5, 10, 15 and 20 mol%) at different
temperature

Table Il Infrared absorption bands of CLAP
at700, 800, and 900°C [24]

Infrared fr_elquency Assignment
(cm™)
560 -600 PO, bending mode vy
1000-1100 PO, stretching mode
V3,1
1460-1530 CO5”
1600 OH"
2600-3600 Adsorbed water
4. Conclusion

The main component synthesized by a solu-
tion gelation method is CLAP as the main
component,  calcium  nickel  phosphate
(CagNiz(POg)14) as secondary component. Due
to the sharpness and intensities of the spectral
lines, the optimum sintering temperature is at
800°C. High percent of calcium nickel phos-
phate phase without impurities like CaCl, and
Ni,P,O; formed at heat treated at 800°C for 1
hour. The average crystal size of CLAP is less
than 100 nm.

The crystallite size in all of the samples was
less than 100 nm. The FTIR analyses revealed
the presence of Cl in the apatite channel loca-
tions and the formation of Carbonated chlorap-
atite, which is more stable and good crystal-
lized than HA. The SEM confirmed that parti-
cle development was not homogeneous
growth with temperature, but The CLAP800
sample has more homogeneous particles with
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grains. The best Ca/Cl ratio was 4.04, which
was close to the stoichiometric ratio of pure
chlorapatite (CLAP). The chlorapatite (CLAP)
and calcium nickel phosphate can be applied
for using in west water treatment due to the fact
of its adsorption capacity. Because the inclu-
sion of some chlorine in the HA lattice can im-
prove its resorption as well as mechanical char-
acteristics, chlorine-substituted hydroxyapatite
(HA) compound has potential in biomedical
applications.
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