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ABSTRACT
Introduction: As the demand for bone defect treatment grows, a natural bone graft cannot be
fulfilled the order. Therefore, the development of artificial bone graft is essential for biomedical
applications. In this study, the feasibility of bioactive cockle shell Aragonite/ Gypsum composite
as bone cement for bone repair has been demonstrated. It is meaningful to use the by-products
from the food industry, such as cockle shells for the preparation of valuable biomedical materials.
Method: Bioactive cockle shell Aragonite/Gypsum composite as bone cement was prepared us-
ing cockle shell and Calcium Sulfate Hemihydrate (CaSO4 . 0.5H2O) powder mixtures with different
weight ratios. X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), and Scanning
electron microscope (SEM) were used to characterize phase composition and structure. Mechani-
cal strength was evaluated in terms of Diametral Tensile Strength (DTS), and in vitro bioactivity was
investigated using Simulated Body Fluid (SBF) solution. Results: The results indicated that cock-
leshell Aragonite/Gypsum composite as bone cement is bioactive, and its properties depend on
weight mixing ratios. In conclusion, cockle shell Aragonite/Gypsum composite is ideal for recon-
structing bone defects due to its bioactivity and abundant supply.
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INTRODUCTION
Bone-related diseases and bone fractures are so prob-
lematic for older people since delayed bone healing
is always associated with increasing age. Therefore, a
bone graft is needed to enhance bone reconstruction
and prevent further bone fractures that can lead to se-
rious health consequences. Autograft, allograft, and
xenograft are used to cover the bone defects. How-
ever, there are many disadvantages of these natural
bone grafts. Both autograft and allograft have limited
supplies due to the severe shortage of the donor sites
and the donors. In addition, allograft and xenograft
have genetic barriers and disease transmission that
significantly affect the bone healing process1,2. And
hence, the alternative method is artificial bone graft
since it can overcome the complicated issues of natu-
ral bone grafts and satisfy the demand for bone defect
treatment.
For implantation, bone substitute materials must be
fabricated in a particular shape to prevent an inflam-
matory response. Different biomaterials have been
developed as bone substitutes such as block, granule,
and cement3–5. Cement is advantageous in filling the
unspecified form of the bone defect since it is flexi-
ble to be shaped. The cement’s setting and harden-
ing reaction result from the continuing reaction be-

tween the powder and the liquid phase that can de-
velop the proper mechanical strength of the material.
The main challenge of bone substitutes is to achieve
bioactivity, biosorption, the appropriate mechanical
strength, and the final success of bone reconstruction.
The composition of cement material, is the key fac-
tor deciding its consequence properties. The study of
various compositions of cementmaterials is necessary
for clinical applications. Gypsum (Calcium sulfate)
cement has the longest story to be applied as an ar-
tificial bone graft due to its osteoconductivity. How-
ever, the low bioactivity and the rapid resorption of
gypsum is needed to be considered. Most of the re-
sorption of gypsum is due to physical-chemical disso-
lution6,7. If the resorption was not caused by osteo-
clast, the formation of new bone by osteoblast would
be slow. Once implant material had been disappeared
quickly before new bone formation was produced, it
could lead to a significant loss in microstructural sta-
bility and the failure of implantation.
Calcium carbonate (CaCO3) plays an important role
in human life. It has three polymorphous as Cal-
cite, Aragonite, andVaterite. Calcite granules demon-
strated good bone formation when implanted in the
bone defect of 12 weeks old rat femur4. Aragonite
has been shown to be an ideal bone substitute due to
its bioactivity and biocompatibility 8–10. Cockleshell
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Aragonite is readily available in countries with long
coastline, and it is also the by-product of the food in-
dustry. Research trends in the recycling of materials
have been popular recently, in whichmany studies re-
ported on the biomaterials being created from waste
products 11–15.
In order to introduce various compositions of bioac-
tive cement for bone substitute materials, this study
proposes cockle shell Aragonite/Gypsum composite.
Adding Cockleshell Aragonite is for regulating the
biological performance and is expected to achieve
fast new bone formation. On economic aspects, the
preparation of valuable biomaterials from aquacul-
ture and food wastes is ameaningful study since it can
solve many environmental issues.

MATERIALS ANDMETHOD
Preparation
Cockleshell was firstly removed residues, then rinsed
with water. It was then immersed in distilled wa-
ter for 10 minutes at 100oC to remove the other de-
bris. For completely cleaning, the cockleshell was
soaked in 2 mol/L sodium hydroxide (NaOH, 7571-
4400, Daejung chemical & metals Co. Ltd, Gyeonggi-
do, Korea) for 24h at room temperature. Then, it
was washed and filtered several times with distilled
water using a vacuum pump until the filtrate was
neutral. As - prepared cockle shell was dried in
the oven for 24h and then ground until cockle shell
powder (denoted as CSP) can pass through the 90-
µm sieve. The cockleshell/Gypsum powder mixture
was prepared by mixing Calcium sulfate hemihydrate
(CaSO4.0.5H2O, 2522 - 4000, Daejung Chemicals &
Metals Co., Ltd, Gyeonggi - do, Korea) powder with
CSP in a CaSO4.0.5H2O: CSP weight ratio of 100:0,
75:25, 50:50 and 25:75. The cement paste was pre-
pared by hand, mixing the powder mixtures and dis-
tilled water with the liquid to powder (L/P) ratio of
0.5. The paste was packed into stainless steel mold
(6mm x 4mm). Mold was then placed inside the oven
at 37oC for 24 h with humidity. After setting, mold
was unpacked to obtain composite block for charac-
terization.

Phase characterization
The phase composition was done by means of pow-
der X-ray diffraction (XRD) analysis. The sample
was ground to fine powder, and the XRD patterns
were recorded using a diffractometer system (D8 Ad-
vance, Bruker AXS GmbH, Karlsruhe, Germany) us-
ing Vario1 Johansson focusing monochromator and
high flux CuKalpha radiation generated at 40 kV and

40 mA. The samples were scanned from 2θ = 10º to
2θ = 60º (where θ is the Bragg angle) in a continu-
ous mode. Fourier Transform Infrared Spectrometer
(FTIR) analysis was used to confirm the phase com-
position via verification of functional groups.

Setting time evaluation
Setting time measurement is based on the ISO 1566
method using the Vicat apparatus with a movable rod
weight 400g and 1 mm2 needle5. First, mixing of
the cement and distilled water was done for 1 minute.
Then the cement paste was transferred into the mold
and kept at 37oC with humidity. Setting time is the
time from this stage towhen the needle no longer pen-
etrates a distinctive circular indentation on the sur-
face of the cement sample. In this standard, testing
samples (n = 3) were maintained at 37◦C and 100%
relative humidity, mimicking the clinical condition.

Microstructure properties
Morphology microstructure was observed by a Scan-
ning Electron Microscope (SEM: S-3400N, Hitachi
High-Technologies Co., Tokyo, Japan) at 10 kV of
accelerating voltage after gold sputter coating. Total
porosity was estimated based on the measurement of
volume and weight. The average value was calculated
from the porosity value of 5 specimens.

Mechanical properties
Mechanical strength was evaluated in Diametral Ten-
sile Strength (DTS) using Universal Testing Machine
(AGS-J, Shimadzu Corporation, Kyoto, Japan). The
test was done with 5 specimens. The average DTS
value was calculated from the DTS value of 5 speci-
mens.

In vitro test
Bioactivity was evaluated using Simulated Body Fluid
(SBF) solution. SBF solution was prepared according
to the method of Kokubo et al., 200616. The samples
were immersed in SBF solution and kept in a water
bath with a fixed temperature of 37◦C. SEM was used
to prove the apatite formation on the surface of the
cement sample after immersion in SBF for 7 and 28
days.

RESULTS
Figure 1 showed the XRD patterns of cement sam-
ples after setting at 37oC for 24 h with humidity, ref-
erence CaSO4.2H2O, Aragonite, and CaSO4.0.5H2O,
respectively. It can be seen that cockleshell pow-
der (denoted as CSP) is aragonite corresponding to

SI13



Science & Technology Development Journal, 24(SI1):SI12-SI17

the standard JCPDS PDF Card No. 05-0453. The
XRD patterns also presented the peaks of Calcium
Sulfate (CaSO4.2H2O, denoted as CS). Calcium sul-
fate hemihydrate (CaSO4.0.5H2O, denoted as CSH)
transformed almost completely to CS in the cement.
Samplewith noCSP content (marked as 100%CaSO4.
0.5H2O in Figure 1) has peaks of CS at 11.6, 20.7, and
29.09 degrees with strong intensity, suggesting that
setting reaction occurred promptly. the weight per-
centage of CSP increased, the setting reaction might
be delayed since it indicated a decrease in the inten-
sity of main CS peaks.

Figure 1: XRD patterns of cement samples (marked
as 100%CaSO4. 0.5H2O, 75% CaSO4 . 0.5H2O+25%
CSP, 50% CaSO4. 0.5H2O+50% CSP and 25% CaSO4.
0.5H2O+75% CSP) after setting at 37oC for 24 h
with humidity, reference CaSO4 .2H2O, Aragonite,
and CaSO4 .0.5H2O respectively. XRD pattern indi-
cated that peaks of CSP belonging to the aragonite
phase (main peaks at 2theta = 26, 33, 45, and 52 de-
grees). Sharp peaks of CS at 11.6, 20.7, and 29.09 de-
grees proved that setting reaction occurred.

Table 1 indicated setting time and CS crystal size of
cement samples. The calculation of crystalline size is
based on the Scherrer equation11,17. It is noted that
setting time is extended as increasing the amount of
CSP. On the other hand, CS crystal size is inversely
proportional to CSP content.
For further characterization of phase composition,
Figure 2 illustrated the FTIR spectra of cement sam-
ples after setting at 37oC for 24 h with humidity, ref-
erence Aragonite, CaSO4.0.5H2O, and CaSO4.2H2O,
respectively. Bands of SO4

2− group at 602 - 670
cm−1, 1150 cm−1, and water (H-O-H bending) at
1620 -1680 cm−1 belong to CS. There is no band
fitting with CSH in FTIR spectra of cement sam-
ples as compared to the FTIR spectrum of reference
CaSO4.0.5H2O.

Typical bands of CO3
2− group of reference arago-

nite at 860 cm−1 and 1480 cm−1 appeared in the ce-
ment sampleswithCSP content. The intensity of these
bands is amplified as increasing of the CSP content.
This is also in agreement with XRD results suggesting
that addingCSPwould lead to slow phase transforma-
tion from CSH to CS.

Figure 2: FTIR spectra of cement samples (marked
as 100%CaSO4 . 0.5H2O, 75% CaSO4 . 0.5H2O+25%
CSP, 50% CaSO4 . 0.5H2O+50% CSP and 25% CaSO4 .
0.5H2O+75% CSP) after setting at 37oC for 24 h with
humidity, reference Aragonite, CaSO4 .0.5H2O, and
CaSO4 .2H2O respectively. Bands of CO3

2− group at
860 cm−1 and 1480 cm−1is typical bands of arago-
nite. CS has vibration bands of SO4

2− group at 602
- 670 cm−1 , 1150 cm−1 and water (H-O-H bending)
at 1620 -1680 cm−1 .

Figure 3 showed Diametral Tensile Strength (DTS) of
cement samples before and after soaking in SBF for
7 days and 28 days. Generally, mechanical strength
is inversely proportional to the content of CSP. This
can be explained by the setting reaction level. The
higher the amount of CSP was added, the slower the
setting reaction happened. Besides, the mechanical
strength of cement samples was also varied before
and after soaking in SBF for different periods of time.
In particular, cement sample with 50 wt% CSH – 50
wt% CSP after setting at 37oC for 24 h with humidity
had a mean DTS value of 1.23 ± 0.09 MPa and this
value was changed slightly after this cement sample
was soaked in SBF for 7 days (1.07 ± 0.05 MPa) and
for 28 days (0.79± 0.02 MPa ).
On the other hand, there was a considerable differ-
ence in DTS value in the cement samples without CSP
content before and after soaking in SBF. Cement sam-
ple with 100 wt% CSH – 0 wt% CSP after setting at
37oC for 24 h with humidity had a mean DTS value
of 3.07± 0.14 MPa. After soaking in SBF for 28 days,
cement samples with no CSP content had a DTS value
being reduced to half (1.58± 0.06 MPa).
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Table 1: Setting time and CS crystal size of cement samples

Sample Setting time (mins) CS crystal size (Å)

100 %wt CSH - 0 %wt CSP 5± 0.3 1400.6

75 %wt CSH - 25 %wt CSP 9± 0.2 1185.1

50 %wt CSH - 50 %wt CSP 15± 0.5 962.9

25 %wt CSH – 75 %wt CSP 23± 0.4 855.9

Figure 3: Diametral Tensile Strength (DTS) of ce-
ment samples before and after soaking in SBF for 7
days and 28 days.

Figure 4 shows the total porosity of cement samples
before and after soaking in SBF for 7 days and 28 days.
It is noted that mechanical strength and total porosity
have a trade-off relationship18,19. Therefore, the re-
sults of total porosity (as shown in Figure 4) agreewith
the hypothesis. The interlocked molecular architec-
tures were cracked as the dissolution of cement sam-
ples occurred, which caused the increase in porosity
after soaking in SBF.

Figure 4: The total porosity of cement samples be-
fore and after soaking in SBF for 7 days and 28 days.

The microstructure of cement samples before and af-
ter soaking in SBF for 7 days and 28 days was pre-
sented in SEM images (Figure 5). The Gypsum crys-
tals display a needle-like structure. After soaking in
SBF for 7 days, the cement with 50 wt% CSH – 50
wt% CSP (marked as 50-50-7) exhibited partially the
modification of morphology that is from needle-like
layered structures to sheet-like aggregation. Prolong-
ing the soaking period to 28 days extended the forma-
tion of sheet-like layers. On the contrary, the cement
with 100 wt% CSH – 0 wt% CSP (marked as 100-0-
7) showed no morphological change after soaking in
SBF for 7 days. After soaking for 28 days, the surface
of cement with 100 wt% CSH – 0 wt% CSP (marked
as 100-0-28) appeared a few agglomerates in the ma-
trix of needle-like shapes. It was determined that the
variation of the morphology was due to the growth of
the new precipitation phase.

DISCUSSION
The solubility of CSH is 0.9 g per 100 g of water at 20
◦C. CSH was dissolved in water, releasing ion Ca2+

and SO4
2−. The setting reaction occurred because

this solution is supersaturated concerning CS since
its solubility is 0.2 g per 100 g of water6,7. The pres-
ence ofCSPpreventedCS formation; therefore, it took
a longer time for the cement paste with CSP to set.
And so on, the larger the amount of CSP was added,
the smaller the crystal size of CS was achieved. Be-
sides, increasing amounts of setting gypsum led to the
higher DTS value of cement sample.
On the contrary, as the setting reaction of cement
paste was delayed, CS crystals were not developed and
not fastened firmly together interlocking shapes. This
is why the mechanical strength of the cement sam-
ple with 25 wt% CSH – 75 wt% CSP was very small.
Changing the mechanical strength after soaking in
SBF could be attributed to the dissolution and pre-
cipitation of the new apatite phase. It is known that
SBF is a solution highly supersaturated concerning
apatite16. As soaking in SBF, the cement sample is
dissolved in the solution and supplies ions that are re-
quired for the precipitation of the apatite phase. If
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Figure 5: SEM images showing themorphology of cement samples before (marked as 100-0 and 50-50) and after
soaking in SBF for 7 days (marked as 100-0-7 and 50-50-7) and 28 days (marked as 100-0-28 and 50-50-28).

the materials were extremely bioactive, a new apatite
phase could be formed quickly to maintain the rigid-
ity of cement samples. The apatite forming ability
of cement indicated the level of bioactivity. Hence,
cement sample without CSP content is less bioac-
tive than cockle shell Aragonite/ Gypsum composite.
That means the biological performance of cockle shell
Aragonite/ Gypsum composite might be improved if
it was applied as bone substitutes.

CONCLUSIONS
Adding Cockleshell Aragonite to Gypsum bone ce-
ment was found to be effective for the promotion of
bioactivity. Apatite forming ability of the cement in
SBF solution is preliminary in vitro test to indicate
if materials were proper for bone repair application.
However, it is better to conduct cell culture and in vivo
to confirm exactly the biological performance of this
bioactive cockle shell Aragonite/Gypsum composite.
Moreover, its mechanical strength also needs to im-
prove to overcome the initial stress in the beginning
stage of implantation.
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ABBREVIATIONS
CSP: Cockle shell powder

CS: Calcium Sulfate
CSH: Calcium sulfate hemihydrate
XRD: X-ray diffraction
FTIR: Fourier-transform infrared spectroscopy
SEM: Scanning electron microscope
DTS: Diametral Tensile Strength
SBF: Simulated Body Fluid
L/P: liquid to powder

REFERENCES
1. Dorozhkin SV. Calcium orthophosphate-containing biocom-

posites and hybrid biomaterials for biomedical applica-
tions. Journal of functional biomaterials. 2015 Sep;6(3):708-
832;PMID: 26262645. Available from: https://doi.org/10.3390/
jfb6030708.

2. Titsinides S, Agrogiannis G, Karatzas T. Bone grafting materi-
als in dentoalveolar reconstruction: A comprehensive review.
Japanese dental science review. 2019Nov 1;55(1):26-32;PMID:
30733842. Available from: https://doi.org/10.1016/j.jdsr.2018.
09.003.

3. Tram NXT, Maruta M, Tsuru K, Matsuya S and Ishikawa
K. Osteoconductivity and bioresorption of an intercon-
necting porous carbonate apatite with enhanced mechan-
ical strength. Key Engineering Materials. 2016; 696: 23-
26;Available from: https://doi.org/10.4028/www.scientific.net/
KEM.696.23.

4. Ishikawa K, Tram NXT, Tsuru K, Toita R. Fabrication of porous
calciteusing choppednylonfiber and its evaluationusing rats.
Journal of Materials Science: Materials in Medicine. 2015 Feb
1;26(2):94;PMID: 25649514. Available from: https://doi.org/10.
1007/s10856-015-5432-4.

5. Cahyanto A, Maruta M, Tsuru K, Matsuya S, Ishikawa K. Fabri-
cation of bone cement that fully transforms to carbonate ap-
atite. Dental materials journal. 2015 May 28:2014-328;PMID:
25948145. Available from: https://doi.org/10.4012/dmj.2014-
328.

6. Ishikawa K. Bone substitute fabrication based on dissolution-
precipitation reactions. Materials. 2010 Feb;3(2):1138-
55;Available from: https://doi.org/10.3390/ma3021138.

SI16

https://www.ncbi.nlm.nih.gov/pubmed/26262645
https://doi.org/10.3390/jfb6030708
https://doi.org/10.3390/jfb6030708
https://www.ncbi.nlm.nih.gov/pubmed/30733842
https://doi.org/10.1016/j.jdsr.2018.09.003
https://doi.org/10.1016/j.jdsr.2018.09.003
https://doi.org/10.4028/www.scientific.net/KEM.696.23
https://doi.org/10.4028/www.scientific.net/KEM.696.23
https://www.ncbi.nlm.nih.gov/pubmed/25649514
https://doi.org/10.1007/s10856-015-5432-4
https://doi.org/10.1007/s10856-015-5432-4
https://www.ncbi.nlm.nih.gov/pubmed/25948145
https://doi.org/10.4012/dmj.2014-328
https://doi.org/10.4012/dmj.2014-328
https://doi.org/10.3390/ma3021138


Science & Technology Development Journal, 24(SI1):SI12-SI17

7. Ishikawa K. Bioactive ceramics: cements. In: Ducheyne P,
Healy KE, Hutmacher DW, Grainger DW, Kirkpatrick CJ, edi-
tors. Comprehensive biomaterials, 1st ed. Amsterdam: Else-
vier; 2006. pp. 268-282;.

8. Liao H, Mutvei H, Sjöström M, Hammarström L, Li J. Tissue
responses to natural aragonite (Margaritifera shell) implants
in vivo. Biomaterials. 2000 Mar 1;21(5):457-68;Available from:
https://doi.org/10.1016/S0142-9612(99)00184-2.

9. Lucas A, Gaudé J, Carel C,Michel JF, CathelineauG. A synthetic
aragonite-based ceramic as a bone graft substitute and sub-
strate for antibiotics. International Journal of Inorganic Mate-
rials. 2001 Jan 1;3(1):87-94;Available from: https://doi.org/10.
1016/S1466-6049(00)00058-1.

10. Umemoto S, Furusawa T, Unuma H, Tajika M, Sekino T. In vivo
bioresorbability and bone formation ability of sintered highly
pure calcium carbonate granules. Dental Materials Journal.
2021:2020-54;PMID: 34121021. Available from: https://doi.
org/10.4012/dmj.2020-254.

11. Tram NXT, Ishikawa K, Minh TH, Benson D, Tsuru K. Charac-
terization of carbonate apatite derived from chicken bone
and its in-vitro evaluation using MC3T3-E1 cells. Materials Re-
search Express. 2021 Feb 5;8(2):025401;Available from: https:
//doi.org/10.1088/2053-1591/abe018.

12. Tram NXT. Synthesis and characterization of calcite nano-
particle derived from cockle shell for clinical applica-
tion. ASEAN Engineering Journal. 2020 May 31;10(1):49-
54;Available from: https://doi.org/10.11113/aej.v10.15538.

13. Kınaytürk NK, Tunalı B, Türköz Altuğ D. Eggshell as a bio-
material can have a sorption capability on its surface: A
spectroscopic research. Royal Society open science. 2021 Jun
16;8(6):210100;PMID: 34150316. Available from: https://doi.
org/10.1098/rsos.210100.

14. Jayasree R,Madhumathi K, RanaD, RamalingamM, Nankar RP,
Doble M, Kumar TS. Development of egg shell derived car-
bonated apatite nanocarrier system for drug delivery. Journal
of nanoscience and nanotechnology. 2018 Apr 1;18(4):2318-
24;PMID: 29442898. Available from: https://doi.org/10.1166/
jnn.2018.14377.

15. Bhattacharjee BN, Mishra VK, Rai SB, Parkash O, Kumar D.
Structure of apatite nanoparticles derived from marine ani-
mal (crab) shells: an environment-friendly and cost-effective
novel approach to recycle seafood waste. ACS omega. 2019
Jul 26;4(7):12753-8;PMID: 31460398. Available from: https:
//doi.org/10.1021/acsomega.9b00134.

16. Kokubo T, Takadama H. How useful is SBF in predicting in
vivo bone bioactivity?. Biomaterials. 2006 May 1;27(15):2907-
15;PMID: 16448693. Available from: https://doi.org/10.1016/j.
biomaterials.2006.01.017.

17. Salas J, Benzo Z, Gonzalez G, Marcano E, Gómez C. Effect
of Ca/P ratio and milling material on the mechanochemi-
cal preparation of hydroxyapaptite. Journal of Materials Sci-
ence: Materials in Medicine. 2009 Nov;20(11):2249-57;PMID:
19593651. Available from: https://doi.org/10.1007/s10856-
009-3804-3.

18. TramNXT. Preparation, micro-structure andmechanical prop-
erties of porous carbonate apatite using chicken bone as raw
material. Science and TechnologyDevelopment Journal. 2019
Dec 30;22(4):365-9;Available from: https://doi.org/10.32508/
stdj.v22i4.1218.

19. Maruta M, Matsuya S, Nakamura S, Ishikawa K. Fabrication
of low-crystalline carbonate apatite foam bone replacement
based on phase transformation of calcite foam. Dental ma-
terials journal. 2011:1101210095;PMID: 21282893. Available
from: https://doi.org/10.4012/dmj.2010-087.

SI17

https://doi.org/10.1016/S0142-9612(99)00184-2
https://doi.org/10.1016/S1466-6049(00)00058-1
https://doi.org/10.1016/S1466-6049(00)00058-1
https://www.ncbi.nlm.nih.gov/pubmed/34121021
https://doi.org/10.4012/dmj.2020-254
https://doi.org/10.4012/dmj.2020-254
https://doi.org/10.1088/2053-1591/abe018
https://doi.org/10.1088/2053-1591/abe018
https://doi.org/10.11113/aej.v10.15538
https://www.ncbi.nlm.nih.gov/pubmed/34150316
https://doi.org/10.1098/rsos.210100
https://doi.org/10.1098/rsos.210100
https://www.ncbi.nlm.nih.gov/pubmed/29442898
https://doi.org/10.1166/jnn.2018.14377
https://doi.org/10.1166/jnn.2018.14377
https://www.ncbi.nlm.nih.gov/pubmed/31460398
https://doi.org/10.1021/acsomega.9b00134
https://doi.org/10.1021/acsomega.9b00134
https://www.ncbi.nlm.nih.gov/pubmed/16448693
https://doi.org/10.1016/j.biomaterials.2006.01.017
https://doi.org/10.1016/j.biomaterials.2006.01.017
https://www.ncbi.nlm.nih.gov/pubmed/19593651
https://doi.org/10.1007/s10856-009-3804-3
https://doi.org/10.1007/s10856-009-3804-3
https://doi.org/10.32508/stdj.v22i4.1218
https://doi.org/10.32508/stdj.v22i4.1218
https://www.ncbi.nlm.nih.gov/pubmed/21282893
https://doi.org/10.4012/dmj.2010-087


Tạp chí Phát triển Khoa học và Công nghệ 

Đại học Quốc gia Tp. Hồ Chí Minh 

Tạp chí Phát triển Khoa học và Công nghệ, Đại học Quốc gia Tp.HCM 
25 năm xuất bản học thuật (1997-2022) 

Tòa soạn: Nhà điều hành Đại học Quốc gia Tp.HCM, P. Linh Trung, TP. Thủ Đức, TP. HCM 
Email: stdj@vnuhcm.edu.vn; tcptkhcn@vnuhcm.edu.vn;  Website: http://www.scienceandtechnology.com.vn 

Tạp chí Phát triển Khoa học và Công nghệ 
ISSN: 1859-0128 
Hình thức xuất bản: In và trực tuyến 
Hình thức truy cập: Truy cập mở (Open Access) 
Ngôn ngữ bài báo: Tiếng Anh 
Tỉ lệ chấp nhận đăng 2021: 72% 
Phí xuất bản: Miễn phí 
Thời gian phản biện: 43 ngày 
Lập chỉ mục (Indexed): Google Scholar, Scilit 

Tạp chí Phát triển Khoa học và Công nghệ -  
Khoa học Tự nhiên 

ISSN: 2588-106X 

Hình thức xuất bản: In & trực tuyến 
Hình thức truy cập: Truy cập mở  
Ngôn ngữ bài báo: Tiếng Việt 
Tỉ lệ chấp nhận đăng 2021: 75% 
Phí xuất bản: Miễn phí  
Thời gian phản biện: 30-45 ngày 
Lập chỉ mục (Indexed): Google Scholar, Scilit 

Tạp chí Phát triển Khoa học và Công nghệ -  
Kĩ thuật và Công nghệ 

ISSN: 2615-9872 

Hình thức xuất bản: In & trực tuyến 
Hình thức truy cập: Truy cập mở  
Ngôn ngữ bài báo: Tiếng Việt 
Tỉ lệ chấp nhận đăng 2021: 61% 
Phí xuất bản: Miễn phí  
Thời gian phản biện: 50 ngày 
Lập chỉ mục (Indexed): Google Scholar, Scilit 

Tạp chí Phát triển Khoa học và Công nghệ -  
Kinh tế-Luật và Quản lý 

ISSN: 2588-1051 
Hình thức xuất bản: In & trực tuyến 
Hình thức truy cập: Truy cập mở  
Ngôn ngữ bài báo: Tiếng Việt 
Tỉ lệ chấp nhận đăng 2021: 65% 
Phí xuất bản: Miễn phí  
Thời gian phản biện: 45 ngày 
Lập chỉ mục (Indexed): Google Scholar, Scilit 

Tạp chí Phát triển Khoa học và Công nghệ -  
Khoa học Xã hội và Nhân văn 

ISSN: 2588-1043 
Hình thức xuất bản: In & trực tuyến 
Hình thức truy cập: Truy cập mở  
Ngôn ngữ bài báo: Tiếng Việt 
Tỉ lệ chấp nhận đăng 2021: 62% 
Phí xuất bản: Miễn thu phí đối với tác giả là CBVC 
của ĐHKHXHNV, ĐHQG-HCM; Tác giả khác: 
500.000 VNĐ/bài 
Thời gian phản biện: 75 ngày 
Lập chỉ mục (Indexed): Google Scholar, Scilit 

Tạp chí Phát triển Khoa học và Công nghệ - 
Khoa học Trái đất và Môi trường 

ISSN: 2588-1078 

Hình thức xuất bản: In & trực tuyến 
Hình thức truy cập: Truy cập mở  
Ngôn ngữ bài báo: Tiếng Việt và tiếng Anh 
Tỉ lệ chấp nhận đăng 2021: 87% 
Phí xuất bản: liên hệ tòa soạn 
Thời gian phản biện: 45 ngày 
Lập chỉ mục (Indexed): Google Scholar,  
Scilit 

Tạp chí Phát triển Khoa học và Công nghệ - 
Khoa học Sức khỏe 

ISSN: 2734-9446 
Hình thức xuất bản: In & trực tuyến 
Hình thức truy cập: Truy cập mở  
Ngôn ngữ bài báo: Tiếng Việt 
Tỉ lệ chấp nhận đăng 2021: 70% 
Phí xuất bản: Miễn phí  
Thời gian phản biện: 30 ngày 
Lập chỉ mục (Indexed): Google Scholar, Scilit 

mailto:stdj@vnuhcm.edu.vn
mailto:tcptkhcn@vnuhcm.edu.vn
http://www.scienceandtechnology.com.vn/

	Preparation and characterization of bioactive cockle shell aragonite/ gypsum composite as bone cement for bone repair
	Introduction
	Materials and Method
	Preparation
	Phase characterization
	Setting time evaluation
	Microstructure properties
	Mechanical properties
	In vitro  test

	Results
	Discussion
	Conclusions
	Acknowledgment
	Abbreviations
	References


