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Preparation of lead hydroxyapatite particles using acetamide
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Lead hydroxyapatite (PbHAP) particles were prepared by a homogeneous precipitation reaction of Pb(NOj;), and
(NH,),HPO, using acetamide (AA) in aqueous media. The particles obtained under different conditions were
examined by various methods, including XRD, FTIR, SEM, ICP, TG-DTA and N, adsorption. The crystal phase
of the products depended on the concentration of AA ([AA]) and the ageing period (¢,). Large highly crystalline
needle-like PbHAP particles were formed by ageing at [AA]=0.4-1.6 mol dm 2 and 7, > 1 day. At

[AA]>3.2 mol dm~* a mixture of PbHAP and a-Pb;(PO,), was generated. The transformation of a-Pb;(PQO,), to
PbHAP in solution at [AA]>3.2 mol dm ~3 was hindered by CH;COOH, produced by hydrolysis of AA.

Introduction

Calcium hydroxyapatite [Ca;o(PO,4)s(OH),, designated as
CaHAP] is a primary constituent of vertebral animals’ hard
tissues and synthetic CaHAP has attracted attention due to
its utility in the fields of bioceramics, chromatographic adsorb-
ents and acid and base catalysts, among others. It has been
established that the Ca2* sites of CaHAP can be replaced by
various divalent cations such as Sr**, Ba?*, Pb**, Cd*",
etc.! The exchange of Ca?* ions in CaHAP with noxious Pb>*
ions is an interesting subject in medical and environmental
sciences. It has been reported that lead—calcium hydroxyapatite
(PbCaHAP) catalyzes oxidative dehydrogenation of methane
to carbon oxides and hydrogen better than CaHAP.? Hence,
lead hydroxyapatite (PbHAP), having Pb?* ions in all the
cation sites of hydroxyapatite (HAP), is also expected to be a
better catalyst than the other HAPs. PbHAP particles have
previously been synthesized by many investigators via hydro-
thermal®*~ and precipitation®® methods. Engel et al. prepared
PbHAP hydrothermally from Pb,,(PO,)sO at 425°C under
1000 atm.> Blakeslee and Condrate® synthesized PbHAP by
two methods; a hydrothermal treatment of Pb,,(PO,)sO at
300°C and a precipitation reaction of Pb(NO;), and
(NH,),HPO, followed by hydrothermal treatment at 300 °C.
Crystalline particles with a size less than 300 um were obtained
by the latter method.* Negas et al. prepared PbHAP hydrother-
mally from PbO and NH,H,PO, at room temperature, 300,
600 and 900 °C.> On the other hand, Narasaraju et al. obtained
PbHAP particles with a size of ca. 50 x 250 nm by a precipi-
tation reaction of Pb(NO;), and (NH,),HPO, at pH 12 and
37°C.° Moreover, PbHAP particles were produced from a
solution containing PbHPO, and NaOH which had been aged
at 40 °C for 7 days,’ from solutions containing Pb(CH;COO),
and various monohydrogen phosphates aged at 100°C for
4-24h® and from solutions containing basic Pb(NO;), and
H,PO,.°

We have previously prepared needle-like CaHAP particles
by a homogeneous precipitation method using acetamide
(CH;CONH,, designated as AA),'° where AA is hydrolyzed
at an elevated temperature according to the following reaction

leqn. (1)].
CH,CONH, + H,0—~CH,COOH + NH, (1)

The resultant NHj; raises the solution pH to yield highly
crystalline CaHAP particles. The materials formed with AA
contain few carbonate ions, in contrast to the preparation
using urea, widely employed as a homogeneous precipitation
agent. As AA evolves no gaseous decomposition products, it

is appropriate for the synthesis in a closed system.
Furthermore, because of the slow hydrolysis of AA, the formed
particles are much larger and better crystallized than those
prepared by the documented methods without AA 1113

In the present study, we turn our attention to PbHAP
preparation by a homogeneous precipitation method using
AA. The structure of the products was explored by various
techniques. To ascertain the best conditions for PbOHAP prep-
aration, the relationship between synthesis conditions and
crystal phases of the products was determined. Based on the
results obtained, the formation mechanism of PbHAP is
discussed.

Experimental
Materials

25cm® of a 0.5mol dm ™3 Pb(NO;), solution was added to
12.5cm?® of a 2mol dm ™3 NH,NO; buffer solution. To this
solution were added different amounts of AA ranging from
0.05 to 1.2 mol and 12.5 cm® of a 0.6 mol dm 3 (NH,),HPO,
solution.!* The Pb/P molar ratio in the resulting solution was
1.67; equivalent to the stoichiometric ratio of PbHAP. The
resulting white precipitates were a mixture of PbHPO, and «-
Pb;(PO,), as confirmed by X-ray diffraction (JCPDS 29-773
and 25-1394, respectively). The precipitates were redissolved
by adding 1 mol dm ™3 HNO; solution to prepare large par-
ticles by homogeneous precipitation. Then the solution volume
was adjusted to 250 cm® by adding water. The solutions
obtained, which contained 0.05moldm~3 Pb(NO;),,
0.10moldm~*  NH,NO;, 0.20-4.80 moldm ™3  AA,
0.03 mol dm 3 (NH,),HPO, and 0.23-0.47 mol dm 3 HNO;,
were aged in 500 cm® screw-capped polypropylene vessels at
100 °C for 6 h—30 days. The supernatant pH at room tempera-
ture was measured after the ageing. The precipitates formed
were filtered off, washed with water and finally dried in an air
oven at 70 °C for 16 h. All the deionized, distilled water used
was further purified by boiling under an N, atmosphere to
remove CO, and all the chemicals used were guaranteed
reagent grade and used as received.

Characterization

The materials synthesized were characterized by the following
conventional techniques. Powder X-ray diffraction (XRD)
was carried out with a Rigaku Geigerflex 2013 diffractometer
using Ni-filtered Cu-Ka radiation (30 kV and 15 mA). The
particle morphology was observed with a scanning electron
microscope (SEM, JEOL JSM-840A) and a transmission
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electron microscope (TEM, JEOL 1200 EX). Transmission
infrared spectra were taken by the KBr method using a Fourier
transform infrared spectrometer (FTIR, Nicolet Protégé 460).
Pb content was determined using an induced coupled plasma
spectrometer (ICP, Seiko SPS 1200 AR), by first dissolving
the sample in HNO;, and PO,*~ was assayed by the molyb-
denum blue method after dissolving the sample in HCI solu-
tion. The specific surface areas were evaluated by fitting the
BET equation to the N, adsorption isotherms recorded by a
computer-aided automatic volumetric apparatus at the boiling
point of nitrogen. Prior to the adsorption, the samples were
heated at 300 °C under 103 Torr for 2 h. Simultaneous therm-
ogravimetry and differential thermal analyses (TG-DTA) were
performed using a Seiko SSC 5200 thermoanalyzer in air at a
heating rate of 5°C min~!.

Results and discussion
Crystal structure

In order to examine the effect of AA concentration (abbrevi-
ated to [AA]) on PbHAP formation, particles were prepared
from solutions with [AA] from 0.2 to 4.8 moldm 3. The
ageing period (z,) was 18 days. XRD patterns for the particles
obtained are shown in Fig. 1. Pattern (a) of the product at the
low [AA] of 0.2 mol dm ™3 shows high crystallinity and diffrac-
tion peaks due to PbHPO, (JCPDS 29-773), marked with
open squares, although a weak unknown peak is detected at
20=24.3° shown by a solid square. At [AA]=
0.4-2.4 mol dm 3, well crystallized PbHAP particles (JCPDS
24-586) were generated as shown in patterns (b) and (c). At
[AA]>3.2moldm ™3, a weak peak (open triangle) due to o-
Pb;(PO,), (JCPDS 25-1394) appears at 20 =28.6° besides the
PbHAP peaks [patterns (d) and (e)]. The intensities of the
PbHAP peak are not affected by [AA] [patterns (b)—(e)].

To examine the effect of ¢,, particles were prepared at
[AA]=2.4 mol dm 3 with ¢t,=6 h-30 days. XRD patterns of
the resultant products are shown in Fig. 2. The XRD pattern
of the material formed at 7, =6 h is characteristic of a mixture
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Fig. 1 XRD patterns of the materials formed at ¢,=18 days and
different [AA]: (a) 0.2, (b) 0.4, (c) 2.4, (d) 3.2, (¢) 4.8 mol dm 3. (O)
PbHAP, (A ) a-Pb;(PO,),, ((1) PbHPO,, (M) unknown. XRD pattern
(a) is reduced to 20%.
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Fig. 2 XRD patterns of the materials formed at [AA]=2.4 mol dm 3
and different 7,: (a) 6 h, (b) 1 day, (c) 10 days, (d) 14 days, (e) 30
days. (O) PbHAP, (A) a-Pb3(PO,),, ((0) PbHPO,.

of PbHAP, a-Pb;(PO,), and PbHPO, as seen in pattern (a).
The product at z,=1-10 days is a mixture of PbHAP and a-
Pb;(PO,), [patterns (b) and (c)] and pure PbHAP is formed
when 7, > 14 days [patterns (d) and (e)]. All the products are
highly crystalline and their XRD peak intensities are essentially
unchanged by ageing at ¢,>1 day. This indicates that a
mixture of PbHAP, o-Pb;(PO,), and PbHPO, transforms to
a mixture of PbHAP and a-Pb;(PO,),, and finally to PbHAP
as the ageing progresses. The unit cell dimensions ¢ and ¢ of
all the obtained PbHAP particles, calculated from the XRD
peaks due to (300) and (004) peaks, were 0.983-0.986 and
0.743-0.745 nm, respectively. These values agree with the
dimensions a and ¢ published for PboHAP (JCPDS 24-586) of
0.986 and 0.743 nm, respectively, and do not change with [AA]
or t,. We evaluated the crystallite sizes of the particles from
the half-height width of XRD peaks shown in Fig. 1 and 2
using the Scherrer equation.'® All the values obtained were
larger than 100 nm, indicating that all the PbHAP particles
produced are highly crystalline.

Morphology

Fig. 3 displays SEM images of the particles prepared by ageing
at various [AA] with ¢z,=18 days. The PbHPO, particles
formed at [AA]=0.2moldm 3 [picture (a)] are large and
plate-like with dimensions of 0.4 x5 mm. Small needle-like
particles can be seen on the surface of the large plates, but
have not been identified at present. The large needle-like
particles formed at [AA]=0.4-2.4 mol dm ~3 [pictures (b)—(d)]
were confirmed as PbHAP by XRD as described above. It is
noteworthy that hexagonal columnar PbHAP particles larger
than 40 um in width are generated at [AA]=0.4 mol dm 3
[picture (b)] and the size of the longest PbHAP particle
prepared at [AA]=0.8 mol dm~3 is 10 x 400 um [picture (c)].
To our knowledge, such large PbHAP particles have not been
prepared previously by a wet method at low temperature
(100 °C) under atmospheric pressure. To compare the synth-
eses with and without AA, we prepared PbHAP particles using
NH; (aq) solutions instead of AA to adjust the solution pH
to 8.5 and aged the products at 100°C with 7,=2 days. A
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Fig. 3 SEM pictures of the materials formed at 7,=18 days and
different [AA] (a)—(f) and TEM picture of the particles formed with
NH;(aq) and ¢,=2 days (g). [AA]: (a) 0.2, (b) 0.4, (c) 0.8, (d) 2.4,
(e) 3.2, (f) 4.8 mol dm 3.

TEM image of the PbHAP particles thus obtained is shown
in picture (g) in Fig. 3. All the PbHAP particles prepared with
AA are considerably larger and more crystalline than those
prepared using NH; (aq), whose sizes are 50-700 nm. In
pictures (¢) and (f) of the products formed at
[AA]>3.2 mol dm 3, irregularly shaped particles are mixed
with needle-like particles; these are identified as o-Pbs(PO,),
and PbHAP, respectively. The needle-like PbHAP particles
become smaller with increasing [AA] from 0.8 to 4.8 mol dm ~3
as shown in pictures (c)—(f). This can be rationalized as
resulting from a larger number of nuclei being produced at
high [AA], leading to the formation of smaller particles.

To determine the effect of 7, on the morphology of the
PbHAP particles, SEM pictures of the particles formed after
ageing solutions at [AA]=2.4 mol dm 3 and different 7, were
taken and are shown in Fig. 4. Large needle-like particles are
found in all the SEM pictures. In pictures (a) and (b) of the
particles prepared at ¢, <6 days, irregularly shaped particles
are found besides the needle-like PbHAP particles. The prod-
ucts at 7, >14 days [pictures (c) and (d)] are needle-like
particles only. Conditions of #,=6 h and 6 days gave mixtures
of PbHAP, o-Pb;(PO,), and PbHPO, and of PbHAP and a-
Pb;(PO,),, respectively, as verified from the XRD patterns
discussed in the crystal structure section. Thus the needle-like
particles are identified as PbHAP and the other irregularly
shaped ones as o-Pb;(PO,), and PbHPO,. Although the
morphology change from irregular to needle-like with progress
of ageing was detected, no marked crystal growth of the
needle-like PDHAP particles could be observed at 7, >1 day.

IR spectra

To get information on the short range structures of the
synthetic materials, their IR spectra were taken by the KBr

Fig. 4 SEM pictures of the materials formed at [AA]=2.4 mol dm 3
and different 7,: (a) 6 h, (b) 6 days, (c) 16 days, (d) 26 days.

method. IR spectra of the particles formed at different [AA]
and ¢, =18 days are depicted in Fig. 5. Spectrum (a) of PbHPO,
particles shows broad weak bands. All the spectra except
spectrum (a) show absorption bands at 1036, 982, 964, 575,
550 and 532 cm !, which are assigned to PbHAP.>#16 The
strong bands at 1036-964 cm™' are assigned to the P-O
stretching vibrations of PO,*>~ and three bands at 575, 550
and 532 cm™! to the deformation vibrations of this ion.®:°
No band shift with changing [AA] is observed in spectra
(b)—(f). All the bands are diminished on decreasing [AA]
from 4.8 to 0.2 moldm 3, caused by increased scattering of
the IR beam by the larger particles formed at lower [AA].
Spectra (b)—(d) are characteristic of PboHAP and spectra (e)
and (f) of a mixture of PbHAP and o-Pb;(PO,),, as confirmed
by XRD (Fig. 1). The IR spectra of PbHAP and a-Pb;(PO,),
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Fig. 5 IR spectra of the materials formed at 7, =18 days and different
[AA]: (a) 0.2, (b) 0.4, (c) 0.8, (d) 2.4, (e) 3.2, () 4.8 mol dm 3.
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resemble each other®!%!7 and the amount of a-Pb;(PO,), in
the mixture is rather small as is clear from the XRD patterns
(d) and (e) (Fig. 1) and the SEM pictures (e) and (f) (Fig. 3),
so that it is hard to distinguish between pure PbHAP and a
mixture with a-Pb;(PO,), by IR spectroscopy alone.

TG-DTA curves

Thermal analyses were carried out to gain further insight into
the structure of the products. Fig. 6 illustrates TG-DTA curves
of the particles formed at different [AA] with ¢,=18 days. TG
curve (a) of PbHPO, obtained at [AA]=0.2 mol dm 3 shows
a steep weight loss of 77 wt% at 190-370°C. All the other
samples give rise to a monotonous weight loss, continuing
from room temperature to ca. 900 °C, accompanied by a broad
DTA exothermic peak, due to release of adsorbed and/or
bound water. TG curves (b)—(e) exhibit a small weight change
at 953-997°C related to melting of the particles, although
these melting points are slightly lower than the literature value
of 1000°C.2 PbHAP and the mixture of PbHAP and o-
Pb;(PO,), prepared in the present study showed similar TG
and DTA curves because of the low a-Pbs(PO,), content as
mentioned above. The XRD pattern of PbHAP heated in air
at 1100 °C for 2 h, taken at room temperature, was character-
istic of a-Pb3(PO,),. All the samples obtained at [AA]=
2.4mol dm~3 and 7,=1-30 days exhibit essentially the same
TG-DTA curves, although they are not given here except for
curves (c) and (c’) of the particles prepared from the same
solution at ¢,=18 days.

CaHAP particles prepared by the present method, using
Ca(NO;),4H,0 instead of Pb(NOj;), showed Ca/P molar
ratios ranging widely from 1.44 to 1.70,'° whereas the Pb/P
ratios of all the PbHAP particles obtained in the present study
are 1.59-1.67, nearer to the stoichiometric ratio of 1.67 than

exotherm ——»

-+———— endotherm

0 200 400 600 800

temperature/°C

1000

Fig. 6 TG (—) and DTA (- - -) curves for the materials formed at
t,= 18 days and different [AA]: (a), (a’) 0.2; (b), (b’) 0.4; (c), (¢') 2.4;
(d), (d") 3.2; (e), (¢') 4.8 mol dm 3. TG curve (a) is reduced to 10%.
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Ca/P ratios of the CaHAP particles. This result suggests that
PbHAP particles containing nearly stoichiometric amounts of
Pb can easily be prepared by the present method. It is
frequently found that the TG curve of cation-deficient CaHAP
possesses a steep weight loss at 750-900 °C, due to the follow-
ing dehydration reaction [eqn. (2)], and an accompanying
exothermic DTA peak.!®

1/2P,0,*" +OH —»PO,~ +1/2H,0 )

A similar reaction is expected to take place in PbHAP.
However, a weight loss at 750-900 °C is not detected in the
TG curves of PbHAP in Fig. 6. We can estimate the weight
loss from the dehydration reaction (2) using the Pb/P molar
ratios of the samples, as determined by chemical analysis.
Since the Pb/P ratios of the particles showing TG curves (b)
and (c) are respectively 1.63 and 1.67, their theoretical weight
loss values by reaction (2) are 0.08 and 0 wt%, respectively.
PbHAP prepared at [AA]=2.4moldm > and 7,=14 days
shows a lowest ratio of 1.59 and the theoretical weight loss
estimated from this ratio is 0.16 wt%, although its TG curve
is not shown. However, such a small weight loss cannot be
detected on the TG curves due to the sensitivity limits of the
apparatus.

Crystal phase

In order to determine the relationship between the crystal
phase of the products and the synthetic conditions, particles
were prepared by varying [AA] from 0.2 to 4.8 mol dm 3 and
t, from 6 h to 30 days. The crystal phases of the products,
determined by XRD, are shown in Fig. 7. The products at
[AA]=0.2moldm~3 are PbHPO, regardless of 7, (open
squares). The products at [AA]>0.4 moldm~> and #,=6h
are mixtures of PbHAP, o-Pb;(PO,), and PbHPO, (solid
circles). PbHAP can be synthesized at [AA]=
0.4-1.6 mol dm 3 and 7,=1-30 days (open circles). Mixtures
of PbHAP and o-Pby(PO,), are formed at
[AA]>3.2 moldm 2 and 7,=1-30 days (open triangles). At
[AA]=2.4moldm? and t,=1-6 days, mixtures of PbHAP
and o-Pb;(PO,), are formed and pure PbHAP results at
t,>14 days. These results indicate that the precipitated par-
ticles transform during ageing via the following reactions [eqn.
(3), (4)]; at £, <1 day,

10 PbHPO, +2 H,0—Pb,(PO,)(OH ), +4 HyPO 12

(3)
5
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Fig. 7 The crystal phases of the materials obtained at different [AA]
and 7,: (O) PbHAP, (A ) PbHAP-o-Pb;(PO,), mixture, ((J) PbHPO,,
(®) PbHAP-0-Pb;(PO,),~PbHPO, mixture.
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Fig. 8 The relationship between pH after ageing and 7, for materials
formed at different [AA]: (O) PbHAP, (A) PbHAP-a-Pbs;(PO,),
mixture, ((J) PbHPO,, (®) PbHAP-a-Pb;(PO,),-PbHPO, mixture.

and at 7,=1-14 day,

10 Pb,(PO,), +6 H,0—3 P,y (PO,)s(OH ), +2 H,PO,1%2°
4)

The a-Pb;(PO,), and PbHPO, particles are irregularly shaped,
while the PbHAP particles are needle-like, as already men-
tioned. Consequently, PbHAP seems to be produced by trans-
formation from o-Pb3(PO,), and PbHPO, with an
accompanying change in morphology.

pH Change by ageing

Fig. 8 shows the relationship between ¢, and solution pH after
ageing, where the symbols are the same as those used in Fig. 7.
As [AA] increases from 0.2 to 4.8 mol dm 3, the pH after
ageing increases over the entire ¢, range and continues to rise
until 7, =30 days except for the ageing at [AA]=0.2 mol dm 3
(squares). Since CaHAP is known to be formed in alkaline or
neutral environments, such as pH 8.5-9.5,>' 8.5-11.0,22
6.0-9.0,' a similar result is anticipated for PbHAP, e.g. at
pH 12° and 6.8.”7 Therefore, it should be noted that CaHAP
and PbHAP can be produced by the present synthesis using
AA at low pH, 4.59'° and 3.43-5.33, respectively.

As mentioned in the introduction, AA hydrolyzes by reac-
tion (1) to produce NH; which elevates the solution pH.
When the solution pH rises sufficiently, precipitation starts to
take place. At higher [AA], more NH; is generated elevating
the solution pH more steeply. Simultaneously, more
CH,;COOH is produced by hydrolysis of AA and is thought
to interfere with PbHAP formation. To corroborate this effect,
alternative preparations using NH;(aq) and CH;COOH were
carried out under the conditions shown in Table 1 and were

Table 1 Synthesis conditions and crystal phases of the products*

compared with the preparation using AA. Samples Al and
A2 were prepared at [AA]=1.6 and 2.4 mol dm 3, respect-
ively, and 7,=2 days and are included in Fig. 7. Samples C1
and C2 were synthesized by adding 17 mol dm —* CH;COOH
solution to others containing NH,NO;, Pb(NO;),,
(NH,),HPO, and HNO; at the concentrations shown in
Table 1. For samples C1 and C2, the amounts of CH;COOH
added were estimated by assuming the hydrolysis of all the
AA contained in the solutions of Al and A2. After the
addition of CH;COOH, NH; (aq) solution was added to the
reaction mixtures of C1 and C2 until the pH reached 4.33 and
4.55, respectively, the same as those of Al and A2. For samples
N1 and N2, NH; (aq) solution was added to the mixtures
containing the reagents shown in Table I until the solution
pH reached 7.36 and 7.20, respectively. This was done in order
to adjust the solution pH after ageing to near those of Al and
A2. The volumes of all the solutions shown in Table 1 were
adjusted to 250 cm® by adding water. After ageing at 100 °C
for 2 days the particles were washed and dried as described in
the experimental section. The solutions used for samples Al,
C1 and NI exhibited almost the same pH, 4.30-4.33, after
ageing, while the solutions for samples A2, C2 and N2 showed
pH 4.55-4.68. The crystal phases of the samples determined
by XRD are given in Table 1. Samples Al, C1, N1 and N2
were PbHAP, while samples A2 and C2 were a mixture of
PbHAP and o-Pb;(PO,),. It is clear from this result that the
existence of more than 2.4 mol dm 3 CH;COOH in the sample
solution is related to the formation of a mixture of PbHAP
and o-Pb;(PO,),. Consequently, in the synthesis of PbHAP
using AA the transformation of a-Pb;(PO,), to PbHAP is
hindered by CH;COOH generated by the hydrolysis of AA.
Additionally, the formation of PbHAP particles depends not
only on the solution pH but also the ageing period and the
solution composition. The inhibition of calcium orthophos-
phate formation by di-, tri- and poly(carboxylic) acids has
been reported.?*?* Brecevic et al. found these anions hindered
the growth of CaHAP crystals perpendicular to the (001)
plane to produce needle-like particles and they explained this
result by proposing that complexation of the Ca?" ions by the
carboxylic acids occurs.?> Although the details of the inhibitory
mechanism on PbHAP formation by CH;COOH are unclear
for the moment, an explanation similar to that used for the
poly(carboxylic) acids can be predicted in the case of
CH;COOH.

Conclusion

Large needle-like highly crystalline PbHAP particles have been
prepared by the homogeneous precipitation method using
acetamide (AA). The PbHAP particles were obtained at
[AA]=0.4-1.6 mol dm 3 and #, > 1 day. The CH;COOH pro-
duced by the hydrolysis of AA interfered with the transform-
ation of a-Pb;(PO,), to PbHAP.

Sample [HNOs]/ [AA)/ [CH;COOHY/ [NH; (aq)]/ pH before pH after Crystal phase by XRD
mol dm ™3 mol dm 3 mol dm ™3 mol dm ™3 ageing ageing
Al 0.28 1.6 — — 0.92 4.33 PbHAP
Cl 0.28 — 1.6 1.01 4.33 4.33 PbHAP
N1 0.28 — — 0.34 7.36 4.30 PbHAP
A2 0.36 2.4 — — 0.90 4.55 PbHAP + o-Pb;(PO,),
C2 0.36 — 24 1.35 4.55 4.55 PbHAP +0-Pb;(PO,),
N2 0.36 — — 0.42 7.20 4.68 PbHAP

“The ageing temperature and period were 100 °C and 2 days; [NH,NO;]=0.10 mol dm 3, [Pb(NOj;),]=0.05 mol dm 3. [(NH,),HPO,]=0.03

mol dm 3.
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