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Abstract

In this paper, the dissolving process of animal bone (chicken bone) in ionic liquid (IL) choline chloride-glycerol
(ChCl-GL) was researched, and the product hydroxyapatite (HAp) was extracted. The optimum conditions of
extracted HAp were determined by single factor, orthogonal, and verification tests. Based on dissolving situation
of observing bone power in the IL by means of thermal stage polarized optical microscope (HSPOM), it could be
preliminarily concluded that this dissolving process was a direct physical dissolution. IR analyses, which was for
undissolved bone, under different solution temperature and time, showed that bone collagen was dissolved
mainly in the IL. This was consistent with HSPOM observations. The change of internal hydrogen bond was an
important factor of IL dissolving bone. IR characterization indicated that the macroscopic composition and microstructure
of the extracted HAp had characteristics of natural bone. XRD and SEM displayed that the product HAp was much similar
to a standard sample, and its crystal structure was relatively complete; moreover, its purity is higher than the sample’s. The
BET tests exposed that specific surface area and aperture of the extracted HAp were similar to the values of the sample,
which belonged to the mesoporous. Analysis of N2 adsorption-desorption revealed that the extracted HAp
had a significant specific surface area, so as to be used for different adsorption processes. TG characterization
exposited that pyrolysis temperature of the product HAp was higher, so it had better stability.
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1 Introduction
With the rapid development of biological materials sci-
ence, the researchers find that inorganic biomaterials,
which are close to the composition of natural bone, have
good biocompatibility and human-body adaptability. It is
the ideal bone substitute and can be used as a filling
medium material of bone damage. So, there is a very good
application prospect in the medical field [1, 2]. Among
them, hydroxyapatite (HAp), as a new biological material,
is the most widely used in the fields of researches and ap-
plication [3, 4]. HAp belongs to a surface active material
and is the main inorganic component in natural bone. It is
similar to natural bone not only on the macrostructure,
but on microstructure, chemical composition, features,

the good biocompatibility, organization activity, and bone
induced. HAp does not contain other toxic elements and
can provide necessary elements of calcium and phos-
phorus to the body’s tissues. After being implanted in hu-
man body, it has no immunity or rejection effect on the
body tissue. So, it can be used as a bone defect repair ma-
terial to give full play to the role of bone conduction [5,
6]. The breakthrough research of tissue engineering and
biomaterials cannot be done without nano-HAp. At
present, the nanometer HAp has been very important in
various fields. It is a target of the present day how to
choose the preparation technique of different patterns
HAp, and apply it to biomedical field [7, 8]. As the emer-
gence of new biological materials hydroxyapatite, the re-
search and utilization of cattle bone (including chicken
bone, pig bone, cow bone, etc.) will be gradually turned to
the extraction and application of hydroxyapatite in natural
bone from extracting bone oil, bone glue and hydrolyzed
gelatin, etc. Recently, people have already begun to seek
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the preparation and extraction process of natural HAp
in order to respond to the “green chemistry,” which
the world is advocating. It has become a focused issue
for the researchers to obtain HAp by choosing a green
and efficient solvent to dissolve animal bones and
other materials [9, 10]. The ionic liquid (IL), as a verit-
able environment-friendly green solvent, shows the
advantages of “green and pollution-free” compared
with traditional organic solvents and is a kind of des-
ignability new green organic solvent and catalyst. ILs,
as green solvents, have an excellent solubility prop-
erty, which can dissolve most inorganic materials, or-
ganics, polymers, etc. [11–13]. ILs are non-volatile
liquid solvents with a low melting point and have many
practical applications, such as widely used in organic syn-
thesis, catalysis, separation and purification, electrochem-
istry, and nanometer materials. So, there is a broad
application prospect and it is expected to be an effective
alternative to traditional organic solvent. In addition, since
ILs possess a strong ability to break hydrogen bonds, they
have been used to dissolve natural polymer materials
which contain a large number of hydrogen bonds and
macromolecular materials in terms of natural extraction,
especially the extraction of protein [14, 15].
As reported, related work by Phillips et al. [16] made

the silk bundle protein dissolved in a variety of ionic liq-
uids and contrasted their dissolving status. They found
that protein fiber could be better dissolved in the ionic
liquid containing chlorine ions because this IL had the
stronger ability of breaking hydrogen bond of biological
macromolecules. Ren et al. [17] used 1-butyl3-methyli-
midazole acetate ionic liquid to dissolve the silk fibroin
protein, and found that the maximum dissolved amount
of silk fibroin in ionic liquid could reach 15%. Zheng
[18] found that the choline chloride IL has a certain
solubility property for protein, and pointed out that col-
lagen dissolving rate in choline chloride–2 ZnCl2 ionic
liquid was affected significantly by temperature and in-
creased with temperature. Yuan et al. [19] used choline
chloride–urea ionic liquid to dissolve the chicken bones.
They found that chicken bone solubility in the ionic li-
quid could reach 38%, and predicted this process was a
physical dissolve and the dissolved product was chicken
bone hydroxyapatite.
Along with HAp, it is more and more widely used in

the application of bionic composite materials, and the
extraction of natural HAp will also be further develop-
ment. On the one hand, it can take advantage of a large

number of abandoned animal bones; on the other hand,
natural extracts of hydroxyapatite are closer to the hu-
man body skeleton compared with the chemical synthe-
sis in physical properties, chemical properties, and
biocompatibility. So, there will be a broader clinical ap-
plication in the field of medical orthopedic and expected
it to become a new type of bone injury repair material.
In addition, the theoretical study of ionic liquid dissolv-
ing animal bones can enrich the understanding of ionic
liquid and enlarge the application range of ionic liquid.
The specific performance is as follows: (1) the ionic liq-
uids can dissolve bone collagen, so as to achieve the aim
of separation and hydroxyapatite collagen [20]. That will
improve the comprehensive utilization of animal bone,
and at the same time to expand the application range of
new biological materials hydroxyapatite. (2) The purity
of extracted HAp is higher than synthetic HAp, which
possess macroscopic composition, microscopic structure
of natural bone, and good biocompatibility. HAp com-
posite material with organic components can be used in
medical field of bone defects repair. Ionic liquids as a
new green solvent can be recycled, which is conducive
to protect the environment, in line with the concept of
green chemistry. This method has a great prospect of
application and the space for development in extracting
HAp from livestock bone. This research intends to find
a preparation method of natural HAp, which is closer to
the natural human bone HAp than the chemical synthe-
sis HAp on the physical properties, chemical properties,
and biocompatibility. And this conditions are extended
to extract product HAp by dissolving chicken bone in
ChCl-GL (IL). In this paper, the mechanism of bone dis-
solution was analyzed, and product HAp was extracted
and characterized by FTIR, SEM, XRD, Brunauer-
Emmett-Teller (BET), and TG.

2 Method
2.1 Materials
Choline chloride (ChCl, C5H14ClNO) of food grade
was provided by China Tianjin Shiyuan biotechnology
Co. Ltd; glycerol (GL, C3H8O3) and methanol of

Table 1 The effects of different solid-to-liquid ratios

S/L ratios/g/g 1:10 1:20 1:30 1:40 1:50

Dissolving rate/% 23.12 28.41 32.64 31.52 26.54

HAp yields/% 9.25 9.69 10.84 10.71 10.52

Table 2 The effects of different dissolving time

Time/h 6 7 8 9 10

Dissolving rate/% 32.64 34.11 35.13 35.15 35.16

HAp yields/% 10.84 12.75 13.69 13.61 13.64

Table 3 The effects of dissolving temperature

Temperature/°C 80 100 120 140 160

Dissolving rate/% 24.06 27.19 35.13 36.12 36.87

HAp yields/% 12.97 13.16 13.69 13.53 14.32
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analytical regent (AR) was provided by China Tianjin
chemical reagent factory; hydroxyapatite (HAp,
Ca10(PO4)6(OH)2) of medical grade, medical hydroxy-
apatite powder (a synthesized material), was provided
by China Xi’an Ruiying biotechnology Co. Ltd, and
chosen as a standard sample.
Lab preparation: IL (ChCl-GL): ChCl and GL of 1:2

(mole) were added to a 3-mouth flask, which was
placed in a thermostatic waterbath of 80 °C. It was
stirred until the solid disappears and form a deep eu-
tectic transparent liquid. Then, keep heating for 1 h,
ChCl-GL(IL), which was clear and transparent [21]. It
was transferred to a conical bottle. The equation of
synthesis ChCl-GL(IL) is as follows:

HOC2H4N CH3ð Þ3
� �þ

Cl½ �−

þ 2CHOH CH2OHð Þ2 ⇔ HOC2H4N CH3ð Þ3
� �þ

þ CHOH CH2OHð Þ2
� �

2 Cl½ �−

Chicken bone powder (40–60 mesh): the meat residue,
fat, and connective tissue on fresh bones were removed
after cleaning with clear water. The bones were soaked

with gasoline for a period of time, then the grease was
taken out by extraction solvent. The treated bones were
washed again and dried. Finally, they were cut up to
small pieces about 3 cm long and 1 cm in width, which
the bone marrow was removed. Bone powder was ob-
tained by smashing about 5 min with a high-speed
multi-purpose pulverizer.

2.2 HAp extracted by the IL dissolving chicken bone
The bone powder and IL were put into a reaction con-
tainer with a hot magnetic stirring. After mixing evenly,
the experimental temperature was adjusted. Undissolved
bone was obtained by filtering the mixture with a copper
network (100 mesh aperture) after finishing the dissolv-
ing experiment. Then, the undissolved bone was trans-
ferred to a 500 ml beaker and washed a few times with
clear water. The IL adhering to undissolved bone would
be washed off. After that, it was filtered by vacuum
pump and dried in a drying oven at 70 °C for 24 h. It
was an undissolved bone sample.
The filtrate filtered by copper mesh was a mixture of

IL, chicken bone collagen, and HAp. HAp of the mix-
ture was precipitated priority by adding dilute methanol
of 1:1 volume ratio, which also acted as a precipitant.
Then, the grading filtering (normal filter paper +
450 nm + 220 nm filter membrane) was conducted. The
filter cake was washed repeatedly with distilled water to
remove surface adhesion IL and dried at same condition.
The precipitated accordingly was designated as the ex-
tracted product HAp.

Table 4 The orthogonal factor level

Time/h Temperature/°C S-L ratio/g/g

1 8 120 1:30

2 8.5 130 1:35

3 9 140 1:40

Table 5 The orthogonal experiments

S-L ratio/g/g Temperature/°C Time/h Dissolving rate/% HAp yields/%

1 1:30 120 8 32.12 17.52

2 1:30 130 8.5 30.15 16.09

3 1:30 140 9 36.17 21.74

4 1:35 120 8.5 35.13 20.95

5 1:35 130 9 31.11 17.21

6 1:35 140 8 27.07 15.24

7 1:40 120 9 34.15 18.51

8 1:40 130 8 33.09 17.66

9 1:40 140 8.5 28.08 15.84

Dissolving rate/% K1 98.44 101.4 92.28 – –

K2 93.31 94.35 93.36 – –

K3 95.32 91.32 101.43 – –

R 5.13 10.08 9.15 – –

HAp yields/% K1 55.35 56.98 50.42 – –

K2 53.4 50.96 52.88 – –

K3 52.01 52.82 57.46 – –

R 3.34 6.02 7.04 – –

Optimal conditions 1:30 120 9 – –
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The dissolving situation of bone in the IL was ob-
served by thermal stage polarized optical microscope
(HSPOM), which photos were taken every 15 min to
make a comparison. The changes of undissolved bone
were analyzed by FTIR under different solution
temperature and time.

2.3 Performance characterization of extracted HAp

1. FTIR: infrared spectra of sample HAp and extracted
HAp were obtained by using KBr pellets and
recorded on NICOLET6700 Fourier infrared
spectrometer (imported from America), the
instrument resolution of 4 cm−1, the scanning
number is 16, the scanning range is 400~ 4000 cm−1.

2. XRD: the phase purity and crystallinity of extracted
HAp and sample HAp was analyzed by a TD-3500
X-ray powder diffractometer from Dandong Tongda
Technology Co., Ltd, China.

3. SEM: the crystalline forms of extracted HAp were
observed by SEM (JSM-6380LV, imported from
Japanese) scanning.

4. Bulk density: the powder of extracted HAp was put
in a clean, dry graduated cylinder (10 ml), which
was weighed by an analytical balance. Then,
vibrating it 20 times on the table made the
powder impaction, and shaking it to the surface
smooth. Corresponding volume could be read
directly. Bulk density could be calculated based
on the average value of three parallel measurements.

5. BET characterization: specific surface area of
extracted HAp was determined by the BET method
based on adsorption and desorption of N2. The
product was outgassed in a vacuum at 120 °C
before adsorption and desorption of N2, then its
average pore diameter and pore volume were

identified. Specific surface area was calculated by
the BET equation.

2.4 Recycle IL
Chlorinated choline and glycerol are easy to absorb
water, so the ChCl-GL(IL) belongs to the hydrophilic
ionic liquid. The IL contained the collagen dissolved, a
small amount of unprecipitated hydroxyapatite and
some absorbed water when the experiment finished. The
IL was recycled with a rotary evaporator and the recycle
rate was calculated (as following formula) after removing
the impurities contained, according to the characteristics
of low steam pressure of ILs.

W ¼ m
m0

� 100%

Where W is the recycle rate of IL (%), M is the
amount of IL recovered (g), and M0 is the amount of IL
added (g).

3 Discussion and experimental results
3.1 The optimum conditions of HAp extracted
3.1.1 Single-factor experiments
Effects of solid-to-liquid (S/L) ratio: adjust pH to 9.5,
temperature 120 °C, and dissolving time 6 h. In the ex-
perimental process, different S/L ratio (g/g) of chicken
bone power to IL were changed. The results were shown
in Table 1.
Effects of dissolving time: under S/L ratio 1:30(g/g),

pH 9.5, temperature 120 °C, the effects of dissolving
time were shown in Table 2.
Effects of dissolving temperature: under S/L ratio

1:30(g/g), pH 9.5, dissolving time 8 h, the effects of dis-
solving temperature were shown in Table 3.

3.1.2 Orthogonal experiments
The orthogonal experimental factors were designed in
Table 4 according to the results of single-factor experi-
ments. Therefore, the orthogonal experiments was con-
ducted on the basis of these factors and levels. The tests
data were shown in Table 5.

3.1.3 Validation experiments
Parallel verification experiments were conducted three
times under above optimum conditions. The results

Table 6 The repeatability tests and results

Time/h Temperature/°C S/L ratio
/g/g

Dissolving
rate/%

HAp yields/
%

1 9 120 1:30 38.16 22.31

2 9 120 1:30 38.15 21.96

3 9 120 1:30 38.14 22.19

Fig. 1 HSPOM pictures of IL dissolving chicken bone
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were shown in Table 6. It endorsed that the reproduci-
bility of optimum conditions were better.

3.2 Discussion on the mechanism of IL (ChCl-GL)
dissolving bone
3.2.1 HSPOM analysis
The dissolving situation of bone powder in the IL was
observed by means of HSPOM after experiment begin-
ning under above optimal conditions (see Fig. 1). It
could be seen that chicken bone was dissolved gradually
in IL as time growth. It indicated that the IL had a cer-
tain solubility to some substances of bone. It would be
preliminarily concluded that this dissolving process was
a direct physical dissolution, and the dissolution product
was the chicken bone HAp.

3.2.2 FTIR analysis of undissolved bone at different
temperatures
Figure 2 showed infrared spectra of undissolved bone at
different dissolution temperatures. It could been seen
that N-H stretching vibration peak at 3300 cm−1 moved
to the direction of high wavelength with the increase of
temperature, which the spectra occurred at the spectro-
scopic redshift. And the higher the temperature was, the
more apparent the displacement was. The effect of IL on
the hydrogen bonding interaction between peptide
chains of bone collagen became obvious as the dissol-
ution temperature rises, which had a marked impact on
three-dimensional structure of collagen. Changing
temperature made the change of characteristic peak of
collagen amide zone more obvious. This revealed that
the higher dissolution temperature enhanced the

Fig. 2 IR spectra of undissolved bone at different temperature

Fig. 3 FTIR spectra of undissolved bone at different time
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influence of the IL on the hydrogen bond and molecular
groups in peptide chain of bone collagen.

3.2.3 IR analysis of undissolved bone at different dissolution
time
Figure 3 showed infrared spectra of undissolved bone
at different dissolution time. It could been seen that
N-H stretching vibration peaks occurred displacement
from 3392 to 3323 cm−1. The relative strength of ab-
sorption peaks of collagen amide I band, II band, and
III band were weakened, which indicated that the IL
had an effect on the three-dimensional structure of
collagen, peptide chains, and peptide bonds.

Above analysis showed that the internal hydrogen
bond of undissolved bone became weak after the IL
dissolved the bone, and also the relative intensity of
characteristic peak did in the collagen amide zone.
The higher the temperature was, the more
thoroughly the IL dissolved bone collagen. This en-
hanced influence of the IL on the collagen struc-
ture, hydrogen bond, and molecular groups in
peptide chain [22, 23]. So the bone collagen was
dissolved mainly in the IL. This was consistent with
HSPOM observations. The change of internal hydro-
gen bond was an important factor of the IL dissolv-
ing bone.

Fig. 4 IR spectrum of extracted HAp

Fig. 5 XRD pattern of sample (A) and extracted (B) HAp
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3.3 Characterization and performance analysis of extract
HAp
3.3.1 FTIR characterization
Figure 4 was IR spectra of the sample HAp and the ex-
tracted HAp. There was a wide absorption peak between
3600 and 3200 cm−1, which was caused by -OH stretch-
ing vibration peak of hydrogen-bond association and ab-
sorption peak of adsorption water on the surface of
extracted HAp. The weak absorption peak at 1619 or
1667 cm−1 explained that the surface of extracted HAp
adsorbed water molecules. The absorption peak at 1444
or 1468 cm−1 implied that CO32- entered the HAp
structure and replaced some PO43-. The absorption
peaks of carbonate or free radical CO32- were single
peaks at 1400–1500 cm−1. When the CO32- entered into
HAp lattice and replaced the PO43- group in the lattice,
the absorption peaks appeared splits. The strong absorp-
tion band at 1035 or 1031 cm−1 was stretching vibration
peak of the group PO43-. The absorption peaks of 604
and 563 cm−1 were related to the bending vibrational ab-
sorption peaks of the group PO43-. HAp structure of the
sample and extracted HAp were basically the same. The
only difference between was absorption peak disappearing
at 2921 cm−1. The absorption peak at 2921 cm−1 was also
-OH stretching vibration peak of hydrogen-bond associ-
ation, which indicated that hydrogen bond structure of
the product HAp was not damaged in dissolving process.
IR characterization indicated that the extracted HAp had
the macroscopic composition and microstructure of nat-
ural bone [24]. That is, the product HAp has application
value, which the process of IL dissolving animal bone can
prepare HAp.

3.3.2 XRD characterization
Figure 5 shows X-ray diffraction diagrams of sample (A)
and extracted (B) HAp. It could be seen that the charac-
teristic diffraction peak of the product HAp was almost
completely the same with the standard sample. There
was no other impurity peak, which meant that purity of
the extracted HAp was high. Although three overlapping
peaks were not clearly separated, the peaks were sharp.
These explained the crystallinity of the extracted HAp
better in this experiment [25, 26], having the macro-
scopic composition and microscopic structure of natural
bone. Moreover, its purity is higher than the sample’s.
That implied that the process of IL directly dissolving
biological bones could be used for preparation of HAp.

3.3.3 SEM characterization
Figure 6 was scanning electron micrographs of the prod-
uct HAp, which were magnified 5000 and 2000 times re-
spectively. Two pictures showed that diameters of
crystal particles were 5 and 10 μm, and the different
forms of particles could be seen. Most of the particles
belonged to micron-sized and even tinier, but their crys-
tal structures were relatively complete. The tiny grain
morphology was consistent with the broad peak above
XRD pattern.

3.3.4 Bulk density and BET characterization
The average value of bulk density of the product HAp
was 2.93 g/cm3, which was shown in Table 7. This dens-
ity was slightly smaller than 3.16 g/cm3 of the sample,
which had little difference. According to the measured
values of BET in Table 7, specific surface area, pore

Fig. 6 SEM images of extract HAp (left. magnified 5000 times, right: 2000 times)

Table 7 Bulk density and BET data

Bulk density
/g/cm3

Specific surface
/m2 g− 1

Pore volume
/cm3 g−1

Pore diameter
/nm

Grain size
/nm

Product HAp 2.93 58.72 0..46 14.27 34.87

Sample HAp 3.16 56.77 0.19 13.60 33.0

BET grain size is calculated on the basis of D = 6/(ρ • SBET), where D is the grain size of HAp particle (m)
ρ the density (g/cm3); SBET the specific surface area (m2•g-1)
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volume, and pore diameter of the product HAp were
similar to ones of the sample HAp. Based on classifica-
tion of pore diameter: micropore (< 2 nm), mesoporous
(2~50 nm), macropore (> 50 nm), the extracted HAp
pertained to mesoporous due to the pore diameter value
of 14.27 nm [27].
Figure 7 displayed N2 adsorption-desorption

curves of the extracted HAp. It showed that the
product had a significant surface area. The larger
the surface area is, the stronger the surface effect,
such as surface activity, surface adsorption capacity,
catalytic ability, and so on. So, this product could be
used for different adsorption process, especially for
the drug load in the treatment of bone-related

diseases due to playing a good role in drug release
carrier [28].

3.3.5 Thermogravimetric analysis
Figure 8 shows TG curve of the extracted HAp, which
declined slowly when temperature rose from 0 to 200 °
C. It explained that the residual moisture of HAp flowed
away gently. As the temperature increases from 200 to
450 °C, three helical structures of collagen in HAp were
damaged, and TG curve dropped sharply, which made
collagen gradually reduced. When the temperature con-
tinuously rose from 450 to 1200 °C, the TG curve de-
clined gradually trending to a smooth and steady phase.
This indicated that thermal decomposition temperature

Fig. 7 N2 adsorption-desorption isotherm of extracted HAp

Fig. 8 The TG curve of extracted HAp
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of the extracted HAp was higher, so its stability was bet-
ter. Its overall weight loss rate was 15.09%.

3.3.6 Recycle IL
The IL was recycled three times. The recycle rates were
94.7, 93.3, and 95.8% respectively. The second recycled
IL was condensed on the rotary evaporation apparatus
under 70 °C, and dried in the drying oven after evapo-
rated water. The recycled IL was characterized by IR and
contrasted with synthetic IL (fresh). Their infrared spec-
tra in Fig. 9 showed structures of the IL before and after
recycle were basically the same. The result indicated that
the ionic liquid still retained its original structure after
recycling and could be reused.

4 Conclusion
The dissolving process of chicken bone in ionic liquid
(IL) choline chloride-glycerol (ChCl-GL) was researched,
and the product hydroxyapatite (HAp) was extracted.
The optimum conditions of extracted HAp were deter-
mined by single factor, orthogonal, and verification tests.
Based on dissolving situation of observing bone power
in the IL by means of thermal stage polarized optical
microscope (HSPOM), it could be preliminarily con-
cluded that this dissolving process was a direct physical
dissolution. IR analyses, which was for undissolved bone,
under different solution temperature and time, showed
that bone collagen was dissolved mainly in the IL. This
was consistent with HSPOM observations. The change
of internal hydrogen bond was an important factor of IL
dissolving bone.
FTIR characterization indicated that the extracted

HAp had the macroscopic composition and microstruc-
ture of natural bone. XRD and SEM displayed that the

product was much similar to the standard sample, and
its crystal structure was relatively complete; moreover,
its purity is higher than the sample’s. Most of particles
belonged to micron-sized and even tinier.
The BET tests exposed that specific surface area and

aperture of the extracted HAp were similar to the value of
the sample, which belonged to the mesoporous. Analysis
of N2 adsorption-desorption revealed that the extracted
HAp had a significant specific surface area, which could
be used for different adsorption processes, especially for
the drug load in the treatment of bone-related diseases
due to playing a good role in drug release carrier. TG
characterization exposited that pyrolysis temperature of
the extracted HAp was higher, so it had better stability.
IL(ChCl-GL) could be reused and its structure still
retained its original form after recycling.
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