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Name and formula

Reference code:

Mineral name:

PDF index name:

Empirical formula:

Chemical formula:

Crystallographic parameters

Crystal system:
Space group:

Space group number:

a(?):

b (?):
c(?:
Alpha (?):
Beta (?):

Gamma (?):
Calculated density (g/cm”3):
Volume of cell (10"6 pm”"3):

Z:

RIR:

85

00-024-0033

Hydroxylapatite

Calcium Phosphate Hydroxide

CasHO{3P3

Cas5 (PO4 )3 (OH)

Hexagonal
P63/m

176

9.4320

9.4320

6.8810
90.0000
90.0000

120.0000

3.14
530.14
2.00



Status, subfiles and quality

Status:

Subfiles:

Quality:

Comments

Deleted by:

References
Primary reference:

Additional pattern:

Peak list

No. h k 1 d[A]

86

Marked as deleted by ICDD
Inorganic

Mineral

Pharmaceutical

Calculated (C)

Deleted by mineral 1980.

Smith et al., ICDD Grant-in-Aid, (1973)

Posner et al., Acta Crystallogr., 11, 308, (1958)

2Theta[deg] I [%]

1 1 0 0 8.16800

2 1 0 1 5.26300

31 1 0 4.71600

4 2 0 0 4.08400

5 1 1 1 3.89000

6 2 0 1 3.51200

7 0 0 2 3.44000

&8 1 0 2 3.17100

9 2 1 0 3.08700

10 2 1 1 2.81700

11 1 1 2 277900

12 3 0 0 272300

13 2 0 2 263100

14 3 0 1 2.53200

10.823

16.832

18.801

21.743

22.842

25.339

25.879

28.117

28.899

31.738

32.184

32.864

34.048

35.422

26.0

7.0

4.0

6.0

10.0

3.0

42.0

9.0

14.0

100.0

43.0

55.0

24.0

4.0



15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

2.29800

2.26500

2.23100

2.15200

2.06300

1.99990

1.94500

1.89210

1.87390

1.84120

1.80810

1.78250

1.75610

1.72020

1.64570

1.61180

1.54370

1.53250

1.50620

1.50270

1.47570

1.46710

1.45430

1.45120

1.43480

1.42980

1.40740

1.34950

1.31800

1.31560

39.169

39.763

40.396

41.947

43.848

45.307

46.661

48.046

48.543

49.462

50.430

51.206

52.033

53.203

55.816

57.097

59.865

60.348

61.515

61.674

62.930

63.341

63.965

64.117

64.940

65.195

66.365

69.611

71.526

71.676

5.0

20.0

2.0

5.0

4.0

3.0

24.0

12.0

4.0

26.0

15.0

10.0

12.0

5.0

3.0

3.0

3.0

3.0

4.0

6.0

2.0

6.0

7.0

6.0

4.0

2.0

2.0

3.0

2.0
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45 5 2 0 1.30800 72.158 2.0
46 5 2 1 1.28500 73.660 2.0
47 2 4 3 1.28060 73.955 3.0
48 2 1 5 1.25700 75.583 4.0
49 3 4 2 1.25100 76.010 2.0
50 6 1 0 1.24570 76.392 2.0
511 4 4 1.23780 76.968 5.0
525 1 3 1.23590 77.108 4.0
536 1 1 1.22260 78.105 4.0
54 4 4 1 1.15890 83.313 3.0
55 2 4 4 1.14890 84.204 2.0
56 0 0 6 1.14680 84.393 2.0
57 5 1 4 1.11440 87.451 3.0
58 2 3 5 1.10920 87.966 2.0
59 3 5 2 1.10510 88.377 4.0
60 2 2 6 1.03130 96.645 2.0

Stick Pattern

Intensity [%]
100

Ref. Pattern; Hydroxylapatite, 00H024-0033
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Name and formula

Reference code:

Mineral name:

PDF index name:

Empirical formula:

Chemical formula:

Crystallographic parameters

Crystal system:
Space group:

Space group number:

a(?):

b (?):
c(?:
Alpha (?):
Beta (?):

Gamma (?):

Measured density (g/cm”3):

Volume of cell (10"6 pm”3):

Vi

RIR:

&9

00-002-1216

Bunsenite

Nickel Oxide

NiO
NiO

Cubic
Fm-3m

225

4.1720

4.1720

4.1720
90.0000
90.0000

90.0000

6.80
72.62

4.00
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Status, subfiles and quality

Status: Marked as deleted by ICDD
Subfiles: Inorganic
Mineral

Alloy, metal or intermetalic

Quality: Blank (B)

Comments

Deleted by: Deleted by NBS card.

Color: Green

Optical data: B=2.37

Melting point: 1955

References

Primary reference: Levi, Taccini., Gazz. Chim. Ital., 55, 30, (1925)

Additional pattern: Jefterson, Shultz., Z. Kristallogr., Kristallgeom., Kristallphys.,

Kristallchem., 73, 380, (1930)

Peak list

No. h k 1 d[A] 2Theta[deg]I[%]

1 1 1 1 2.41000 37.280  70.0

2 2 0 0 2.09000 43.253 100.0

3 2 2 0 1.48000 62.726  80.0

4 3 1 1 1.26000 75.372  60.0

5 2 2 2 1.20000 79.867 50.0

6 4 0 O 1.04000 95.574  30.0

7 3 3 1 0.96000 106.715  40.0

&8 4 2 0 0.93000 111.840 60.0

9 4 2 2 0.85000 129.974 40.0
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Pastion [7Theta]

10 5 1 1 0.80000 148.667 10.0
Stick Pattern
Intensity [4]
g Ref. Pattern: Bunsenite, 00-002-1216
4l
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Effect of Metal Oxide Nano-particles Addition on Physical Properties of
Hydroxyapatite
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Abstract. In the present studv the effects of metal oxide namo-particles additon on the
mucrostrecture, physical properties of the HA ceramucs were mvestigated. Many techmaques were
usad for the amalymis. X-ray diffraction analyvsis revealed a co-eist phases between
hydroxyapatite and ticalerom phosphate m the smtered samples. Addition of M10 resulted an
merease m the lattice parameters of the ticalenm phosphates due to the bigger radn atom (M1}
substitufion for the small radn atom {(Ca). Energy dispersive speciroscopy suggested that most of
M0 particles located at gram boundary, resulting in an improvement of hardness of the samples

Introduction

Hydroxyapatite (FLA) 15 a class of calemm phosphate-based bioceranne matenals whach has
chenvieal formmala [CayefPOy)(0H)] with caleivm and phosphate molar ratio of 1.67. Thas
material frequently used m the bromedical field because of thew excellent biocompatibility and their
bio-component bamg smular to natoral bone and teeth of the human body [1]. However, their brttle
and low fracture touglmess lint thewr bomedical used especially for loadmg applications [2].
Therefore, there have besn many attempts to improve the mechaniczl and phy=ical properties of
smierad HA [1, 3, 4].

To synthesis HA many approaches have been proposed such as hydrothermal method [3],
continuons precipitation [6] and solid state reaction method [5]. Purther, HA ean demve from
natural souress such as natural calerte [8] and bovine bone[9]. Many ivestizations on HA also have
ooncentrated on a2 wide range of powder processing techmiques, composition and experimental
m&tmswuhﬂmmafdemmgtbemmtnabhswthmmﬂhudandmn&tmhmﬁdm
wall-defined particle morphology. It 1s reported that the smfering temperature and atmosphere are
mportant factors that could alter the strength amd toughness of HA [10]. Simtermz at high
temperaires also has the tendency to elmmate the fimetional group OH m the HA matnex and this
would result m the decomposiion of HA phase to form e-tricalenim phosphate (e-TCP), -
tncalcium phosphate (B-TCF) and tetracaleiun phosphate (TTCF) [10]. The formaton of these
phases affects to the mechamcal properties of HA ceranmes[11]. Further, the influence of additrves
on the properties has been reported. The additrves also affect to the properties of the HA ceramics.
The present work aimed to study effects of metal conde nano-particle on physical and mechanical
properties of HA cermmies. A nanocomposites between HA and M0 nano-particle were
fabricated.
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Experimental procedures
1. Sanmple preparation

The hydroxyapatte powder was denved from natual bovine bone by a sequence of thermal
processes. The fresh bovine bomes m all parts of one cow were ot into smaller preces and cleaned
well to remove macroscopic adhenng mmponties. The bone samples were boaled m distilled water
for B b for easy removal of the bone marmow and tendons. After that the bones were de-protermzed
by contmied boiling m water. The boiled bone samples were dned overmght at a temperature of
200°C, thereafter was placed in sealed alumina crocibles and heated at temperatores about S00°C
for 3 howrs at a beating rate of 100°C'h and cooling rate of 3MMC/h. The bones were grinded to a
fine powder by a ball mull for 24 howrs m the mediom of ethanol and then dned at 110°C for 24
hours. Fackel cmide nano-partical (SERMA-ATDRICH 99 8%) was added to the bone powder m
ratios of betneen | and 3 wol % The bone —Mi(} mexture, was ball-mlled m isopropanol for 24 h
using mrconia grindme media, then dried at 110°C for 12 h. The obtained powder was pressed into
a dize shape and then simtered at 1325°C for 2 b

2. Characterization

The density of the smbermeg HA disk was determimed by wang Archimedes method  Phase
anahysis by X-ray diffraction (XED) of sintered HA was carmed out at the room temperature. The
crystalline phase compesifions were identi fied with reference JCPDS data avalable m the systemn
software. The microstruchme of the samples was exammed by scanming electron mucroscopy
(SEM). All samples were sputter-coated with gold before the SEM exannmation Chemmeal
anahysis and the distribotion of N¥0 was also camed out using energy dispersive spectroscopy
(EDS). For mechamcal study, Vickers hardness was performed on polished surface wamg a
microchardness testers.

Eesnlis and Discussion

The XED patterns of pore HA and HA doped Mi) nane-particals cerammes are showed in
Fiz 1. All the XEI) patterns obtained for the samples were In apresment with the stoichiometnc
HA. The analy=is was camed out based on the basis of Jomnt Commmttee on Powder Difftaction
Standard (JCPDS) data file No. 01-086-1199. However, there was observed other phases o the
samples, lamm:almmphnaphm(m-TCP}andﬂ—himhmphmphate{ﬂ-m:hMMdby
JCPDS file Ho. 00-009-0348 and 00-009-0162, respectively. A similar result was also found by
Buksudiant er al. [12] who prepared HA by wibro-mmllng method, supgestmg that pore HA
unstable at high temperatores (=1325°C)  [11]. k should be noted that the NiD-doped samples
showed a shift in the @ TCP and B-TCP XED peaks to lower Brags's anples while Mh0 did not
affect on the HA XED peak postion This resnlt sugpested that some part of Ma0 has
meorporation to @- TCP and B-TCP lathces. This thes can make an morease in the lathes
parameters of 0- TCP and B-TCP due to the bigger radn atom (N1) substitution for the small radi
atom (Ca).

1 HA
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= |
£ | |
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Fig. 1 R pattern of the ydroxyapatite simtenng at 1325°C.
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The measuwred density data of the HA ceramies is listed m the Table 1. Density values were
~03- 95 % To obtain better densification, higher sintermyz temperahwes or longer soakng time
would be requured for fiurther work. With increasmg percent of N0, the bulk density increased.
Thoz may be due the M10 has lngher density than HA as a result in an mereased m total den=ity of
the composites. The mucrostmoctres of HA ceranmes, as revealed by the sinfered surfaces, are
shown m Fig. 2. Many nucro-pores were observed m pure HA ceramuc whle 3 wol %0 NiO-doped
sample showed a dense strocture with a monomodal pram size dismbution. The muerostchare also
showed eqmaxed zram shape. Therefore, the average zrain size can be reasonably estimated by
uzing the lnear intercept method The average grain size valwes are listed m Table 1. Tt was found
that grain size unchanged with mereasmg the M0 content. In addibon, EDS analvsis suggested that
meost of W10 particles located at gram boumdary.

& ‘ oF Ll

Fig. 2 SEM images of (2) pure HA, (b) added with 1Vel. % M0,
(c) added with 2 Vol. % Ni0, (d) added with 3 Val. % NiD

Table 1. Physical properties of hvdrosxyapatte cerammcs
NiD deped(Vel )  Bulk densifyg cm” (W) Gram sizejum)  VickersHardmess{GFa)

0 103(03.3) 140 5.50=0.05
1 194(03.9) 132 5.8340.06
3 195(04.3) 135 5832015
3 197(05.0) 137 5.84:0.03

The vanation of the average hardness of sample sintered at 1325°C 15 showed i Table 1.
The hardnezs value mereased from 5.30 GPa for the pure HA sampla to 3 .84 GPa for the 3 Vol %
doped sample. Therefore, the hardness was improved by addmg the M0 nano-particle. The
enhancement i hardness mavbe due to the nanoparticles reinforced the gram boundanes, Further,
density may also contmbute to the mmprovement, 18, the higher den=ity gave higher measured
hardness valoe.

Conclusions

The new composte: between HA and 20 nano-particles were fzbncated m the present
work. Properfies of the composites were mvestizated bv vanety techmques. XED analysis
suggested that MO nano-pariicles affected densification and phaze foomation. Most of 10 nano-
partcles located at gram boundary, identified by EDS analysis. This charactenste can thus commect
te the muprovement of mechameal property of the composites.
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