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Abstract: In this study, wollastonite nanoparticles were synthesized and calcined at different temperatures.
The resulting particles were added to a polymeric gelatin containing drug, and the gelatin/wollastonite
nanocomposite was prepared as a carrier for gentamicin drug. The structure and morphology of the prepared
particles and composites were evaluated using X-Ray Diffraction (XRD), Fourier Transform Infrared (FTIR)
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(TEM). The results showed the synthesis of single-phase wollastonite nanoparticles with sizes less than 10
nanometers, which agglomerate in some regions. The drug delivery rate in phosphate buffer solution, as analyzed
by UV analysis at Amax=201 nm, indicated rapid degradation of the composite, with about 60% of the drug
delivered in the initial hours and complete delivery after 2 days. Therefore, it can be concluded that the resulting

composite is biodegradable and has the potential to be used as filler for bone defects and local drug delivery.
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1. INTRODUCTION

After the discovery of bioactive glasses by Hench in
1970 (Hench et al., 1971), extensive research has been
conducted on the replacement of glass and glass
ceramics as human tissue. Bioactive glasses can be
considered as one of the most important groups in
biomaterials widely used in biomedical applications
(Hench, 2006). Studies have shown that ceramic
materials based on calcium silicate, such as wollastonite
(CaSiOg3) and dicalcium silicate powder (CazSiOs), are
characterized by remarkable biological activity and
good biocompatibility. In addition, Kokubo et al.
observed the rapid formation of hydroxyapatite layers
on glass under simulated body fluid conditions (Amin et
al., 2021). Wollastonite consists of tetrahedral chains of
SiO4* with the same crystal structure as perovskite
ABO:s. This crystal is formed by covalent bonds of silica
modified with Ca?* cations. The formation of apatite on
its surface is much faster than that of other bioceramics.
This biological activity results from the formation of Si-
OH bonds on the surface when immersed in a simulated
body fluid as well as Ca* ions exchange with hydrogen
ions (Riaz et al., 2019). Despite all the bioceramics
properties such as high biocompatibility and bioactivity
as well as low fracture toughness (low ductility) and
resistance to crack propagation, their application in
biomedicine has been restricted. Gelatin is one of the
biological derivatives of collagen with numerous
biological properties. Since the majority of the organic
phase in hard tissue is made of collagen due to

inflammatory ability, biodegradability,
biocompatibility, and gelatin availability, this polymer
has found remarkable applications in drug delivery
systems. In this study, hybrids of gelatin/elastomeric
containing different amounts of bioactive glass were
prepared, and their ability to gentamicin delivery as an
effective antibiotic was investigated. This system can be
used as bone tissue filler through injectable gels which
results in delivery of certain drug.

2. MATERIALS AND METHODS
2.1. Wollastonite synthesis

In the first step, calcium nitrate tetrahydrate was
completely dissolved in deionized water and then,
ammonia (25%) was added drop by drop to the solution
to reach pH of 9. In the next step, sodium metasilicate
pentahydrate solution was added to the previous solution
and stirred at 50°C for several hours. Subsequently,
hydrothermal process was completed at 120°C for 4
hours. The product was filtered and washed several
times with distilled water. The resulting powder was
dried in an oven and calcined at 700°C and 1000°C for
2 hours.

2.2. Synthesis of Polymer Composite with Wollastonite

In order to synthesize the composite materials
containing glass nanoparticles and polymer gelatin and
investigate the effect of composite composition on their
bioactivity, different amounts of particles were added to
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the polymer solution and well mixed at 50°C for 3 hours.
Ultrasonic bath was then employed to disperse the
particles in the polymer matrix and prevent
agglomeration. Finally, each of the resulting composites
was formed as a thin film and dried at 80°C.
Gentamicin, as a common antibiotic in orthopedics,
was used as a model drug. In this research, 10 mg of the
drug was added to the composite mixture and well
mixed for a certain period of time to obtain a
homogeneous gel solution. The resulting composite
solution was allowed to dry at room temperature.
Specific amounts of the prepared composites were
placed in phosphate buffer solution at pH=7.4 and
temperature of 37°C and then, it was gently shaken. In
order to determine the amount of delivered drug at
various times, samples were taken from the buffer
solution and measured using UV-visible
spectrophotometer at the wavelength of A=201nm.

3. RESULTS AND DISCUSSION

The XRD pattern of the initial powder produced by
sol-gel method indicates an amorphous and impurity-
free glass which is consistent with the reports of other
researchers. Several peaks appear at 700 "C which are
representatives of semi-crystalline structure. Upon
increasing the calcination temperature up to 1000 °C,
sharp peaks appear in the XRD spectrum at the angles
of 21.97°, 23.24°, 25.54°, 26.99°, 30.26°, and 49.94°,
indicating the formation of crystalline phase in the
bioactive glass structure which is consistent with the
XRD pattern of wollastonite (CaSiOs) phase. The
diffraction peaks were indexed using Xpert software
according to the standard X-ray card (JCPDS:043-1460)

(Fig. 1).
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Figure 1 . XRD pattern of wollastonite bio-glass at different
heat treatment temperatures.

TEM test results given in Fig. 2 confirm the
formation of nearly spherical wollastonite particles with
the particle size of less than 30 nanometers which is
approximately consistent with the Dubey-Scherer
equation and XRD spectra. Fig. 3 presents the FTIR test
results carried out on the produced composites. Gelatin
absorption bands in the infrared spectrum are located in
the amide band region. In this study, Amide-I represents
the stretching/bending hydrogen bonds C=0 with COO,
Amide-Il the bending vibrations of N-H groups and
stretching vibrations of C-N groups, and Amide-111 the
vibrations in the C-N and N-H groups of amided (Das et

al., 2017).

The peaks attributed to Si-O and Si-O-Ca bonds in
the range of 500-1100 cm? imply the presence of
wollastonite mineral phase in the structure. The drug
release profile represents rapid delivery rate during the
initial hours, followed by a constant and continuous rate.
Approximately 60% of the drug in the composite was
released after 10 hours of immersion, and almost all
drugs were released after two days.

Figure 2. TEM images of wollastonite nanoparticle
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Figure 3. FTIR curve of gelatin/ wollastonite nanocomposite.

4. CONCLUSION

The results of this study demonstrate that the
hydrothermal method could be used as a suitable method
for producing relatively homogeneous wollastonite
nanoparticles. According to X-Ray Diffraction (XRD)
results, the presence of pure wollastonite phase was
completely crystallized after calcination at 1000 °C
without any side phases. Different amounts of glass
nanoparticles added to gelatin polymeric matrix and
hybrid gelatin/wollastonite formation were confirmed
through the FTIR and XRD tests. Gentamicin was added
to the composite for targeted drug release evaluation.
The hydrophilic and unstable structure of gelatin led to
rapid delivery of 60% of the drug in initial hours and
gradually delivered the rest during subsequent hours.
According to the findings, the produced nanocomposite
can be used in bone tissue engineering as a bone filler
and through simultaneously delivering antibiotics, the
local infection recovery process will be accelerated.

5. ACKNOWLEDGEMENT
I would like to express my sincere gratitude to
Shahrood University of Technology for any support.



50

E. Salimi et al. / Journal of Advanced Materials and Technologies (JAMT): Vol. 12, No. 4, (Winter 2024), 48-60

[

. REFERENCE

Amin, A. M., EI-Amir, A. A, Karunakaran, G, Kuznetsov, D, &
Ewais, E. M. (2021). In-vitro evaluation of wollastonite
nanopowder produced by a facile process using cheap precursors
for biomedical applications. Ceramics International, 47(13),,
18684-18692. https://doi.org/10.1016/j.ceramint.2021.03.201
Das, M. P., Suguna, P. R, Prasad, K. A. R. P. U. R. A. M,
Vijaylakshmi, J. V, & Renuka, M. (2017). Extraction and
characterization of gelatin: a functional biopolymer. Int. J. Pharm.
Pharm. Sci, 9(9), 239. 10.22159/ijpps.2017v9i9.17618

Hench, L. L. (2006). The story of Bioglass®. Journal of Materials
Science:  Materials in  Medicine, 17(11), 967-978.
https://doi.org/10.1007/s10856-006-0432-z

4. Hench, L. L., Splinter, R. J, Allen, W. C, & Greenlee, T. K.

(1971). Bonding mechanisms at the interface of ceramic
prosthetic materials. Journal of biomedical materials research,
5(6), 117-141. https://doi.org/10.1002/jbm.820050611

Riaz, M., Zia, R, Aslam, S, Qamar, A, Hussain, T, & Anjum, S.
(2019). Low temperature synthesis of wollastonite using sol-gel
combustion method: In vitro bioactivity evaluation. International
Journal of Modern Physics B, 33(10), 1950081.
https://doi.org/10.1142/S0217979219500814



https://doi.org/10.1016/j.ceramint.2021.03.201
http://dx.doi.org/10.22159/ijpps.2017v9i9.17618
https://doi.org/10.1007/s10856-006-0432-z
https://doi.org/10.1002/jbm.820050611
https://doi.org/10.1142/S0217979219500814

EA="\e 4(\2'Y QLL....&)) & a)l.a.@ AY 0,93 szﬁ L;Lhd)ju} J“’A R WY

Journal Homepage: www.jamt.ir

w}&z ‘_;l.a‘_;”l;é,.ﬂ‘,.o aoll2d

&

& &
d//l: }//AM/?

X2

BTN YUNEE RPN PLIGINNE LN P FYIOW b | GG PIVI L g H oW

e blis 59508 Jula, ) shaea

T s 1 M ks s la!

Dl g ald 34800 o oL 5o g o pokigo sASCL )50 nliga ajjquJL:w/’

Ol gl g a0l inio ol M0 5 ot poligs oS> 3l go poligo 05,8 (ol o U] _olis )57

ok 4 alols SL3 L S OSUS Glales s s sme co Yy SL3SL G pl 5> oS
Sl g bl ool el Olssar S sz 5/ iV5 Sl 50 5 S en g8l 5ol (sl Y
503 0ssle _mwcids (XRD) (SGl 5 3l (sla LT SaSw sddangs glacypuelS 5 s wbidcso )
Sl (TEM) (s o5 3801 S Koo 5 (FESEM) Gl (5 Jaass 50800 o8 Soe (FTIR)
2r 53 68 3 el Ve Sl 5SS Gl b s s g 3BT Dl5 50 e skasolis Aol mb LA
S5 ommmib o&aws 3l eslized b lind 3L Lases )3 550 SR 5 e Al gl IS Il b

s glesll s Cuysnls S ekl 2l YV e Sz e Jb s (UV) sl sle

> 1l 4y ,U
VENY/v e g ) o
VY000 Y 1 S5k

VEOY/ /Y s akad

:Uhej‘).l.:.ls

W spelS 5L
s g

o> alasy

ol 5 5alS S 015 e cms ST gls elad Lo a5 Y 51 e 4 3 adsl Sleli s 03 Aoy

A A L 5elS

e Dosen |y guls gilula, 5 Slsseal el ediS  Olged eslital LB 5 ol pdcy SSCey

d https://doi.org/10.30501/jamt.2023.405574.1282

yls

URL.:_https://www.jamt.ir/article_187155.html

&S sy olEs (Yer o) V:S .(Dorozhkin, 2011) S o oslazul

S (K3 el glaes S bl V3 5 O3NS
(glemsl (S gy Sl eslizad b sl Lol iz

St 3 Ol e 1 VST S sk (slay 5 500lS 5L
Kb (Kimetal., 2005) LS 4y Covw Sl wlige 5
amD pla g AS a1y S eelS 6Ll il 50 (YerY)
SB35 S Sa0 5 Ol ol gy &5 Al
Sl Cond g iS4 KI5 o Y5 3 S 51 S 5 sl
»be @l L« (Chang et al., 2003) >5i 2 FTIR

oS5 blse 4 Slgs J SIS st 5 SN s b 035530 L
25,5 (Chang etal., 2004) 5 S A5 bl wSyods

dode —)
Conb al wlie Jaad 1 2550 sl anns
@ S gl 5o 1 ol a5l 03 S b
S At Oy a5 2 m ol T iy Tl 03 8 5 2
o 03 dle Gl S e e Sdme slasl S5l gl
doe 5 S Joe I i Ol O3S Ol |25
Rhee ) 1S po ol b il Ssots s gln L oo
I Olgeal S e > 5l Ao s 0 Ol s (& Tanaka, 1998

o IS O3S 5 ST il 5 Soll Sl S eSss
5 sbed glacall o 4 5 L (Vallet-Regi, 2006) a3

ool ol Ol aee <ol b el S de S

Sy sl Gl Ll el s 4 3 S S

ot Jeolonl 1O lsege™

9._}" 9 ;5“7‘; Jﬂw SISl d)jﬁu W AK@J‘: d}JALi Ol cd‘ﬁ\ L;;L:J

e.salimi@shahroodut.ac.ir : \& ol


http://www.jamt.ir/
https://doi.org/10.30501/jamt.2022.297036.1185
file:///C:/Users/Windows%2010/Desktop/صفحه%20آرایی/زمستان%201402/10.30501/jamt.2023.405574.1282
http://www.jamt.ir/article_??????.html

oy EA- ((VENY QL"M....A)) & c)w NY 69 42.9].;..3 6(.&6)}\;5‘3:‘}6 anllzd / Q\)&M}&J&Wl

5> 1 ol s ls S5 sy Blie 55 LT b Cuglie
i A S okl el e S s (S
O S5 Gk 3l Ol 1 0 Jame 53 Dbz s lo
ol Kiays (Rezwan et al., 2006) 3 5 J =85 o L L
Wby alod 4 OO STl fte Jy 035530 b el 8
LS IES L Sl Rl S
Ll g5 o el s Hletla s sl sby| (Arcos et al., 2001)
WU &S b s Siolay 6l csls ol 4 15 a0
|y ko 31 (e dexasl 5 0 Ky 11 (et al., 2010

528 5Kl BiOs Sl s b by § atd sl
Jlbn s alind cpl 5hdas il als o 5 &
eetbo sty Wil S gn ST sls Sllay sskea S
ol ool s e 53 ¢ ! R A A oslaza!
Sbr s 8 sldshe G sddd xS (S5 L 5
Zhang ) lu ; cml Wl slad sk 4 4S ) D5k
(etal., 2010
S Sleosar L OIS Slinte I Y3
S Sl 3 JT 56 sdes isu S ol ol Ol 3
Sy o bl a5 Ly el 0l JSE5 OIS )
Sl e oeY5 Ol o s 5 (5l (S i 55
63,5 1y s)ls la, St 52 Slal g a8 el
Sosls 5 b OlagiS L 05 05 5 oS ol
Cibeasl Gos 2 SASUA S dn cl al e lol
e 3 ke sl 5 s S iS5 31 oS50 5V
LS GRSl ol s ikl il 4yl

Sy eI sY5 Jissdes I (Aydemir et al., 2020)

aS als dL:u C’L:J k:a.w‘ ol ebu.:.w‘ U"J"-}Li) d‘j‘)‘ﬁ L)’:'iu)
C,\.C'J.w )) GJMS&.:) J“‘js J-ALQ g,.jal& 9 wﬂi‘j Q\J:ﬁ
~,ske (Chiani et al.,, 2023) 5,138 o U 5ls [la,
s i)l S O ST ey ol 5o emcb,a\ e s el

&),:.J_‘LA‘) )lewﬂu Q:.:jm\b/u.ﬁ\)j k:ai‘)j:ﬁLs )l ebuﬁ.w‘ »

G ol 53 Il s el bl (gl
Vsl s/ Y5 ) 5 pelS B el Oy a
53 0T Skl 5 558 g Jbags aled 3l G5y Ao
o 255 e S S s Ol pelilir e

oS Ul 4 Goop BB slads Olgea KI5 oo ot

ST S 550l Y5 Al ey pelS il Ko
ety plSoual Ol 4 AalEE SS L 5 S g 1
s gl el Olgea aa SIS 8V

(Touny etal., 2008) 5 5 fus bl S5 ,0n
b 5 S g e 53 Jld glaall CaiS 51

sesar s Sl ol (Hench et al., 1971) o

plowil Slsl 3L Ol oty aSal s a2 5 s o 3 S0r
Sles S abeml Olsie 1 by glaais

03 s 3,8 a8 5 S sl gy sl 53 4553 5e
Hench, 2006; Mollagasem et ) Lles S Iy K5 4

sladshe Wiy, SKpw B ols 5ol @l 2013
.]a..:‘}:ﬂ)) 6‘)5)“)5 rm DL “'l"'"\j;d“) J})‘J b Ls_:\j}::.w‘
S 2 b oSl Ol S Saodn S slaY (S5
Q\@\mapbdﬁéxﬁ)MJ&ﬁij:fchw
6\}?\ Bl O‘)Jd" |, P2Os o SiOy, Na;O, CaO .8 )(J_EJ..:
Corse oS 550 sl w0 bais Hlstle et LSS ol
Gt 5 by laaind 5l mmy ik (S S
el 83 5yl La o » (KOKUDO, 1998) Wlois 8 5L
Sy ol & O dS 5 st (el s 050 &S
Clé (CasSiOs) DSl ndS(s> 555 5 (CaSiOs)
‘U"\ » o)y\ﬁ .Ju')‘h Lf’? 6)@)@@..«.») B ‘_51\9 )
JKis aals (Kokubo et al., 1990) il 5 58 sS

@iz s p (HAP) ol Soods sbaa o
Aminetal., ) L5y OX sddgiluans b byl b o
(2021
el S04 Jlysal 5 51 gla sy Jols o Y
Gl 14 5,13 ABOs ulSns 4 e gkl 45
Ca*" slapssS' L sl Sl Koo Vs S L 51 &S
aslio s QT@Mé})ﬂ@giw.wnemw
Sl Ll e Sl Jbc; (Sl L L
55 ol 03ls mhas 4 SISOH 5y |25 ¢ s
LCa" slads 5 3580 saabso Oy eddSoluand mbo 5o

(Riazetal., 2019) L35 o sl O5s,da SO s

) GBSl e Slo s sled (2 e
5 Sess VU sl 5 Jcas; dex sl



2/\—-\' c(\i'V QL:-\M)) Li o)L«;..iv «\Y 092 4.".9)..:....3 6@6)}@})\}» MM/Q‘)K\M}WJ&M\ oy

Sodady 5 LS 0355 o 50elS S 5w sl 5l e S e Ve
Al s 4 Sen Gl sl B LS 03 jen asiie
B as ool L5 U1 slos 5o |y alole 2558 Jploes
Jsloes 53 eddag CujgnalS 5l pasin slie 3 pd Ko
5 sk 43 YV clas 5 pHE VIS 55 lens Sl
SaSas obisl3l gl Ol e L 03l OIS dalj«_..)s;.éjf
o b e huslsb s il Ko

A ol s Jieeee AS201nm

haasis —Y-Y

Pl K8 SaSay o i OLS 5 636 el
X-ray Diffraction ) (536 5JUT,1 5800 5 & seme -SCI 555
A =5 (XRD, Philips PW1730, X pert PANalytical
V/0tA? = sa Jsb b oSl 5 A5 sl CuKa mie S
mla..; v/ 0 6@()).19}(;.5})1255.' o&wsjw) A eslaad
W
odle 55 g eole S 5w Ol 5 e il sk 5B Ll L
S G gel S 5l aid &S 1, oles oz O 5
23 AlE e oS syl G OlS e s e LS sk
sl Ol il Lt eslal O 5 58 bkl
03 g Q‘)i‘:’““}}i _)'il“‘" éh&)\ﬁ Ai\if L;J‘J}- CJL:L@..S‘«

.(Aminetal., 2021) ..l

Fourier Transform ) ;o 3 & 5ske _wwcib 5JUT
bl ey il (Infrared, Thermo AVATAR FTIR
PP A S s eI 5 DS 555 ki 5 ol
o3 9dme )5 pdo b g Ud ags (6505 s e SIKBr
ol s 4 gra—ger e cmt

LSSy 5 3 5L el ey s edalie | shee
o B S S Sl aiaelS s Lol
A eslazwl Map s (FESEM, Zeiss HV-300-Germany)

@ el Shols by CllB s sk
3l {’er.fk?‘ Vo Ol Al eslaial oy Seds sl Ol e
ol pdiz 5 > CujselS Jgoue 2] Ja Ve o 550
el 258 o Sl Sl le 2 (024 B Al 0250
i olSaws Sl eslinal b 5 lS wsed 5l sls Shls

‘JJEQJ}A 6})‘3)4:&;)‘]; oslau! J)jﬁ Q‘j}:f.w\ g:,JL;
.J;S:\)'T}:j

G g,y Y
S gy o VY

CogeNy ey aid gleeslbl gl
Si0,=51.7% ,Ca0=48.3% ;L. .S ;5 L CaO-SiO;
(merck) 5 Ca(NO3)2.4H20 (merck) fols aJsl slse 5l
A& eslaza) NapSiOs.5H,0

RPN K PRI S JCH J PO E g FIPT S
S pots (o3 Y0) SUigel (s A = oot o
et ot s PHEA 4 s L1 gl & (slo a3
03533 L3 Jsloe a4 Solyaalyy Ol e Jloee
Orseede a3 00 Gl s Cell s Dl 5 Al
G S A5 bl g0 S0 bad glos e (s 03 500
35 5 ol Jske pH T cs @ CalSi=Y Llg J s
sles 53 db g den Aol b caslsl 5o a5 Ve /A 5 u
TR PN R WS RUIAWE SCIEVIPREUIWINWPESPRARE
S5 e 45 e i e OT L 5 e ald eelos
amys Ve s Ve lales Hy 5 s it 05l s alsl-

Aminetal.,) L& «dS o) o5 Cole ¥ Oty sl

(2021

Sl g 5 (6 oy S 5p0lS i VY
oy 5 SNy Sl ol e ) ke
Sy o 3 OBV o)l S 50) (§5 5505 Son 55
S rach Jslome 4 D3 5 S5 deoys Ve pslie O b
Gl ¥ ety o grdas 3 00 sles U3 5 3 Wl
5 eady s 52 O3 05 S 681 (gl A 03 5es s
A eslil S gl ) e 51 0L 654181 51 (5,8 Sl
25 dels SHU ok IS 4 ol usanlS (ulgn

b S e 3 Ar gl
S ey i)y oW asblis
S5 Olgea GB0217 S JUIS ol 4 1sLS BioBasic

)\JJ.A A el LSJ‘:f):))‘)J ‘5:.))\; JJA_}@‘) Lfiﬁ;f



oy 2/\—-\' A(\i.Y dl;AM)) gi UL«..Z c\Y 092 wf;...l 6&6}}“}3{}6 Muaﬂ_é/ Q\)&M}&&Wl

150 5 Ol e ol b ot (o ol 515 tims o
38 elinl 55 s b b g 53 Ol
b aied 35 4 bye XRD S
S e 5 3 e s el Cu Y
JSE 3 sk azmpa Vere Ve Glales 5o Ol adS
Jyl 535 4 by XRD (o S sl sl eals 0L )
Ok osal aded odiasOlis J3— Jov iy 4 e dddd 5
Oy ple glaail LS ol Ll 68 s
L .(Amin et al., 2021Riaz et al., 2019; ) >,ls il

ax o Ve gles s s (gslaas ¢« Sl > Sldes sles 158
Lol Goshaad oltlo sdiSOly &S A alls sl
Sl gk a3 Ve @ O pnllds gles Ll
Yo/ol YY/YE YVAV llss 53 XRD el s (650
edeasOli oS Wpd e alb amys £4/48 4 T4/YT Y144
Loy ol ddoan;y adod Sltle 5o g5k 56 1SS
slads 51> cillas (CaSiOs) s s 56 XRD (g S
S S 4 a5 s Xpert il 5 Sl eslinal L 3
L5 6,8 jatls (JCPDS:043-1460) s ikl .Sl
(¥ J52)

5 LSS wimaNy sk sdmsolis XRD (¢ S
Glr b= by Wsbes 51l 4 56 5B 65 s 5l ke
Orpkd plsl el 3 JelS 8 e sk oIl Al
L eslizad by e XRD (5,51 51 als

05 e sl B 5 ol D=KMB cos 0 ¢y 5Ly
N0EN) e sk b Obsl e a0
ol (/8) oK 5 Sl asls 0 (oSl 5 Gragl
.(Khorsand et al., 2012)

el aMoJJJTV dj.k:_-).} LA‘LBM.E}'JAQLGW‘
] aloes 51ps 20=30 a5y s Yo s L Ll o
ﬁ‘tjb"“':’)s .1:“:)1.4 e)lJu‘ A ub&‘ u..a.“?- CA,:J)LAY_}))L

G| JIA);L: ARVARELVARS 63 gd>=e 42

595 Y b o3 A=201nm s Jsb 53 Gauelsle 55 e
Sl CoiaelS Bl pasda e e AL )
sl 5 28,5 513 3L Jloe (sl sdaze g b s s
Ol bl Sl e )b o0 53 5 g 5L 1S 03 5an
adls p 02331 (5,3 Olsn cpns (510 (140500 i o
5 3he oslinal i Sl gl b e @l s
sddanils s Jole 035 Rl w WOl Sl
SAds e e bl sk

(SBF) 0 sk 3loand mle 53 almmusas (slass 5 5L
S0kl 3 4 () Jsdor) Ll slaodly alie oS 5 L

ab e 55, V) Cdea (Kokubo et al., 1990) 54 ol ag

&ASM GLSSL&M:MM{) C«-:aﬁ‘a- Bl lej’ cg;iL@.;)J .,\4.4\.:«)‘5

L bl s G S oS S

Sl slewdly 5 SBF iy ke ) Jgds

SBF (mmol/l) (mmol/l) Lo, O
VEY VLY Na*
0 0 K*
/0 /6 Mg?*
Y/0 Y/0 Ca*
VEV/A VoY Cl
£/ Yv HCOs
\ \ HPO4*
+/0 /0 S04

Eow 9 @L‘b -y

e Olpea psoes Ghas Sl G ) 02
Coiseds L3S0 IS sl CeBOll 5 e et
Gl okl b3 3 me STy el ad eslind
:(Amin et al., 2021)

1. Ca(NO3); = Ca 2* + 2NO5

2. Na,SiO3 = 2Na* + SiO3 %

3. Ca(N03)2.H20 + Na,SiO3.5H,0 =
CaSi03.H,0 + 2NaNO; + 5H,0

mﬁda sdalie \JL. 6&0,1.5\_5 BE aS )jlﬂdw
OLES Gy Jame L 5L SalS 28Ty Sl oY pamme



A= (Ve Y

Ql.:...wc)) Li o)L«.:u‘\Y 092 wr:.ﬁ 6@&)}@}:\jﬁMLM/Q‘)MJMJ&L~A\

oy

W\GM@‘)‘FQW

b ll

Inllll ol
T

Ll

€

Syl kl i b el s 503 X1 i alie Y IS

20 £

«

Pasnn 2 Iheta (Copper (€4

Intensity (a.u.)

700° C

b wmewder
10 20 30 40 50 60 70 80
20 (degree)

OSLSS slabes 43 a5 ez s XRD (sla 551 Jss

52V s XRD sladls Slos a5 Cmd o & gy o Dbl LY g

Pos. [©2Th]  Height [cts] FV‘[’;'\T"hﬁeﬁ d'SE’g‘]"”g Rel.Int. [%]  TipWidth  Matched by
/yao0 oA v/0Qe g VE/+ Y4 Yeo/uon v/VeAO
YV/AVYs 08Y/80 frar §/:8808 AY/TY LJEVYY 98-001-2192
Yo/otYs VY887 ¥ ¥/gAVOL YA VJEVYY 98-001-2192
Y4y VWYY NS FYE WY NI 98-001-2192
YY1 o1/ VYA Y/A0¥YE AV A CAVYY 98-001-2192
FUTVY - VEY/ot NS Y/8VIve Y4 NI 98-001-2192
£1/8V0 av/¥1 NITLR vate VENA V04r g 98-001-2192
£4/4 Y. \Ye/0) rar VAYIA Yo/l CJEVYY 98-001-2192
Ov/8 1A Wan% NI VAV OYY Vit VS 98-001-2192
oV/TavE 1o C/AAS S YatrIrs Y AASA 98-001-2192

Co VG FTIR o ¥ IS

cm ;3 Ol o 1, O-SI-0 la sy i8S o)l

b > (Amin et al., 2021) > S sdalie VAT 4 £VY!
3l BLE| atn g e 4520 etddles! ol Slhes
VP SGIU RN SO WP LW S P T 0 MR R g Pt
ol aoem? syu- 55 oS 55 e s SI-0-Ca LS55
&l $10LE SI-0-Ca (glads yy o2iS Slala )l .ol sl
sdalcwsa XRD sla Sl L5 ool B-CaSIO LS

S TEM Glag sesl = (Aminetal., 2021) ol 1550
L5 65,5 b o gia¥s 3 Kl oamnOlis £ 502

S ol gl B el Ve 5l 5K S 65 soen s sl

l)j“}.a_?): oldodalin o]; 6&&@ .J)‘J QLUQJLJ.E
315 G e Aol b 3 ekl 3L JT LS 5 4 0l 5 e

el o33 13 b [ 35U gl s S

Ol gy 6l 1 FT-IR Oga30 ams ¥ 05

Ol VOV 5 ¥ENE emt asb s sdedalin glads .das
53 ebdoler Ol lad sShe & Ly 0 O-H (glas S os
cm s ol all a6 (Aminetal, 2021) dxes 55 4 clm
ol S Sy S 56 C=0 228 sl fdsa 1 £YYE
CM > s ldedalive slaals .(Lakshmi & Sasikumar, 2015)

Caes SI-0-Si oS Slalesyl a0l g o 15 VA 5 V0Tl
.(Zheng et al., 2021) s>

Transmittance (a.u.)

T T
3900 3400 2900 2400 1900 1400 900 400

Wavenumber (cm™)



oY EA-T (VY QL:....A)) & e)\.g..fi NY 69 429),;.:)_ 6\.&6}}%} }‘}A anllzd / O\)K@j Lf"?l“”g}‘l‘;k‘“""‘

S35 ekiplmil FTIR Osesl zb e
52 oY ol Gl s e OLE ) sddi) 5 5 5elS
Al 13 el L ab 3 303 03l i

ok Lo/ IS s edasolis Amide-l
.2l COO L C=0

N-H ooy S st 3lasl sdiasolis Amide-ll
el C-N slaos S iis Slilasl

C- ooy S amiwr 53 Dlils )l 4 b s e Amide-l1I

Zamanian & Banafatizadeh, ) <ol Ja Aol N-H 5N

FAQTXYEY em? s Ol sleals ((2022;Das et al., 2017

C- O-H S Slaba,l 4 i 5 VoY 5 V)0 E A EYA
il gl ie 5 i C-H e Slibal H
b s Slol gyls  Lsd e oesly o C-O-C 208
s 4 Olg e Y e emt s sdalie LB el 5V
4 by e slads (Zhang et al., 2018) sls c...s COOH

Ols0rr =V v cm? o3 sue 53 Si-0-Ca 5Si-0 (glak s
sdalie e Hltle js sty Jdas 36 2 sliS
2% oS G0 g 5 ey o JeeS 55 laes S Ol Il
ol Sy a0l WY e g s s Y
sl oy i 5 Sdme 30 Ol
S50l S st SN S S sl
sl skasolis (v JK8) SBF s SSH B Sl s
S Il ellB eSOl & el Sl S5 S5
22 e Sldud S a0y 5 S Yy S Ol
201 aUls 5 u3selS ) VU Jladons 5 5 <l SBF
SO s cwlu L RECE OLES 1 Ol gl 3L b G 5
534S 33 O3S 5 oo Sla0 52 ol oy oS 5 5and
ol o3l e s Sl ol sl e3ls LS Map sl
5 4585 Wil el Jebcan; el e
Gladsle plas 5 A, 4 sl OLE dewl WSS AV L
38 e YV (Gl Glad gl Dy sle 5y Sl
sy ABSE Aii doys 00 sl ges Sl i aind
CuiselS 53 by aied ldhe (G O ulal
ol o g Al b e 5 el e (g (glls
Borhan & ) 543 o Jsh cunl 5 Sl bl Lo 3 pH

ol s eddl) g Cuswls U (Esmaeilzadeh, 2023

Intensity (a.u.)

0 10 20 30 40 50 60 70 80
20 (degree)

o 55/ V5 o ualS 5L XRD (10 S

doys Vv Gl CuiaslS XRD (oS0 IS s

YVA SLlss b aladdd 558 g edalie o mNs 51 G35

03 (320) aio 3l 4,3 Y4/4 5(312) amis 3l a0

5 Sl Sl s CsYy sl s lasOliS oS 35S e

€ Ol e 15, 207219 5 sdlbedalie o528 alb fromen
(Radev et al., 2009) sls Cons 5V G 0l Sl

H,0, amide-] €—— Ca-zSi si.0

A

O-H

-"—_\\ e amide-ll Z\—ﬁ
methyl group

COO-Ca¥* <\
amide-lll

Transmittance (a.u.)

Si-0-Si, C-0-C

4000 3500 3000 2500 2000 iSbO 1000 ‘ 500

Wavenumber (cm'l)

o 523/ Y5 S SUFTIR e 1SS



2/\—-\' c(\i'\d QLLMA)) Li o)L«;..fu c\Y 092 wr;ﬁ 6@6))[.;}‘5:\}» MLM/Q‘)M}&J&W\ oy

Bl e JT LS 5 ol ezl 4 Ol 5 e |

3ols il iy, Yo
OLas & IS ls g 53 Ol o 501> Jiolay &5
e il SOl s ey s e 0 ol
Moy aslsl at g 5 Sl 2 3 L G 5 0 sl olele s
23 g Sl Sl dons N sl s oS (gusba S
Yl e s A T ok celu Ve Gl e oS
S snol ol a5 b 55T s els L 5,
ot el e 0 Y e 5 Y3
ol Slela o gols I GG ke ls) Corse (5 ek
K-SR S I PURCI I PRCH Y ST 5 [ YR
o N S mha g 2 oS sl gd S
5 e o alie idsd 55 e e sl (s el
CoisslS 60 e 4 i (VA LK
313 Job Ol ey Aol SV /ST oS5/ 5V

VY Sde s oo selS ol (Nabipour et al., 2018) Lus

j‘ ‘.J}ﬂ’. “ })b 5}‘“ )lS})'L.» “ ‘) u:"il"") CJ” Q‘l‘ uOT
Ol e «ewl 0l 5S 3580 e a5 1) 53 0815 Cond g 3 9elS
eSS S8 R LKL"; Soladles .Jj.\iuﬁ osls e ls
S St O35 Aoy W Al s Olis g Y
Palakurthy)cﬁw\ o))_.v)'))\‘\ é\jﬁb.ﬁ;}u’).} Jﬁj?)‘j';
5 odledly ias s, (& Samudrala, 2019

Sy S A s (Sl 3 Ole &S (S50
nSs gl S5 s B 53 S 01 3 3 e i e
o3lial Wi o8 L o (S oy e i 2 P s
52 53 e s S Gl S sl sheas O il S
5 oML il Cage el b el ol 55158 NG
A= U ol Ghlas 75 5 0580 ey a5 S Al
Syl (..'p)dls, (Lao et al,, 2016) aas o oS (ssbj

Dlper ol Sl Nk s oLl by F5a b
d;ﬁl’.')5°}j)4-,’}3)‘}‘}‘5@)5‘C‘~“\°3ﬁ4€')—‘”3)j‘

s Sl 25l W s b &Jj-@;"-'{ Sols Sl

QUS@ Sl Q::}J..AY} v‘JJ ..Lp):\' 6}[}-45\)&?5%5

.JJJT

Ca Kal O Kal

Spm

Signal A= SE2 Date :25.
Mag= 15.00KX Time :9:4

1 um EHT= 5.00kV

— WD= 7.8 mm

S gmaY o/ Y o35S S6 Map 5 SEM , sas ¥ (ISS

913 Bl a5 5elS g -Y-Y
SIS oS S el 53 S sbokes
sy O3l sl osls QLA ISE s FESEM
Sl glaas5ls Dbl pan s Lledd i eds s s
5 Lol o3Il 05 K S 51 50 45 Wi o odalie I3
Ll SIS s Ok 1 Y LS 5 5l e S
oyl skl A JSE s EDX U1 4 by e s
Sl ey o s Co sy Oy s Ol e s lelie
3Si ole 5ol b Oltle & by o S e 5l
Cald b oarg b odies comaNy Sl 4 by e Ca



oY

LA\ g(\i'Y QLL....A)) & e)\.g..fi NY 092 wf;._.i 6\.&6}}%} }‘}A ML.LA&/ Q\)KAJA) @AMJ.:}L«M‘

(e (2l 3 015 o cnl 2l (Huang & Brazel, 2001) X1

2um EHT= 500 kV Signal A= SE2 Date :25 Apr 2023
WD= 82mm Mag= 500KX Time :12:42:58

M Spectrum 1

Spectrum 1
Element Line Type Weight % Weight % Sigma Atomic %
C K series 39.12 0.51 52.75
o] K series 27.59 0.33 27.92
Na K series 5.81 0.09 4.09
Mg K series 3.00 0.06 2.00
Si Kseries 15.60 0.16 8.99
S K series 5.61 0.09 2.83
Cl K series 1.85 0.05 0.84
Ca K series 1.43 0.05 0.58
Total 100.00 100.00

Qﬂ)}:&lsj;b)é J?jﬁj..pl.&)\.u.adu‘laff QL‘«‘)UQ\}EDX J_«)LTelNM A.L.:A.:@J cﬂ)xﬂlSyL)\FESEM J:‘}“‘S I\JS;:

%

.

o

(n=3) eS80 5 gl Aula, J;_GJJ; A JS..‘&



\—\Y‘ c(\i'\d Ql.l....c)) Li o)L«;..fug\Y 092 wr:.ﬁ 6@6))[.;.5‘5:\}3 MM/O‘)M}WJ&LM&\

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Arcos, D., Ragel, C. V., & Vallet-Regi, M. (2001). Bioactivity in
glass’PMMA composites used as drug delivery system.
Biomaterials, 22(7), 701-708._ https://doi.org/10.1016/S0142-
9612(00)00233-7

Aydemir, T., Liverani, L., Pastore, J. I., Ceré, S. M., Goldmann,
W. H., & Boccaccini, A. R. (2020). Functional behavior of
chitosan/gelatin/silica-gentamicin coatings by electrophoretic
deposition on surgical grade stainless steel. Biomaterials, 31(22),
5865-5874. https://doi.org/10.1016/j.msec.2020.111062

Borhan, S., & Esmaeilzadeh, J. (2023). The Effect of Bioactive
Glass Synthesis Method on the Flowability and Structural
Stability of the Injectable Pastes Prepared from It. Journal of
Advanced Materials and Technologies, 12(1), 1-15.
https://doi.org/10.30501/jamt.2023.376241.1259

Chang, M. C,, Ko, C. C., & Douglas, W. H. (2003). Preparation
of hydroxyapatite-gelatin nanocomposite. Biomaterials, 24(17),
2853-2862. https://doi.org/10.1016/S0142-9612(03)00115-7
Chang, M. C., Ikoma, T., & Tanaka, J. (2004). Cross-linkage of
hydroxyapatite/gelatin nanocomposite using EGDE. Journal of
materials science, 39(16-17), 5547-5550.
https://doi.org/10.1023/B:JMSC.0000039284.70028

Chiani, E., Beaucamp, A., Hamzeh, Y., Azadfallah, M.,
Thanusha, A. V., & Collins, M. N. (2023). Synthesis and
characterization of gelatin/lignin hydrogels as quick release drug
carriers for ribavirin. International Journal of Biological
Macromolecules, 224, 1196-1205.
https://doi.org/10.1016/j.ijbiomac.2022.10.205

Das, M. P., Suguna, P. R., Prasad, K. A. R. P. U. R. A. M,
Vijaylakshmi, J. V., & Renuka, M. (2017). Extraction and
characterization of gelatin: a functional biopolymer. Int. J. Pharm.
Pharm. Sci, 9(9), 239. 10.22159/ijpps.2017v9i9.17618
Dorozhkin, S. V. (2011). Calcium orthophosphates: occurrence,
properties, biomineralization, pathological calcification and
biomimetic  applications.  Biomatter,  1(2), 121-164.
https://doi.org/10.4161/biom.18790

Hench, L. L., Splinter, R. J., Allen, W. C., & Greenlee, T. K.
(1971). Bonding mechanisms at the interface of ceramic
prosthetic materials. Journal of biomedical materials research,
5(6), 117-141. https://doi.org/10.1002/jbm.820050611

Hench, L. L. (2006). The story of Bioglass®. Journal of Materials
Science:  Materials in  Medicine, 17(11), 967-978.
https://doi.org/10.1007/s10856-006-0432-z

Huang, X., & Brazel, C. S. (2001). On the importance and
mechanisms of burst release in matrix-controlled drug delivery
systems. Journal of controlled release, 73(2-3), 121-136.
https://doi.org/10.1016/S0168-3659(01)00248-6

Khorsand Zak, A., Yousefi, R., Abd Majid, W. H., & Muhamad,
M. R. (2012). Facile synthesis and X-ray peak broadening studies
of Znl— xMgxO nanoparticles. Ceramics International, 38(3),
2059-2064. https://doi.org/10.1016/j.ceramint.2011.10.042

Kim, H. W., Kim, H. E., & Salih, V. (2005). Stimulation of
osteoblast responses to biomimetic nanocomposites of gelatin—
hydroxyapatite for tissue engineering scaffolds. Biomaterials,
26(25), 5221-5230.
https://doi.org/10.1016/j.biomaterials.2005.01.047

Kokubo, T., Kushitani, H., Sakka, S., Kitsugi, T., & Yamamuro,
T. (1990). Solutions able to reproduce in vivo surface-structure
changes in bioactive glass-ceramic A-W3. Journal of biomedical
materials research, 24(6), 721-734.
https://doi.org/10.1002/jbm.820240607

Kokubo, T. (1998). Apatite formation on surfaces of ceramics,
metals and polymers in body environment. Acta materialia, 46(7),
2519-2527. https://doi.org/10.1016/S1359-6454(98)80036-0
Lakshmi, R., & Sasikumar, S. (2015). Influence of needle-like
morphology on the bioactivity of nanocrystalline wollastonite—an
in vitro study. International journal of nanomedicine, 10(sup2),
129-136.
https://www.tandfonline.com/doi/pdf/10.2147/1JN.S79986

Lao, J., Dieudonne, X., Fayon, F., Montouillout, V., & Jallot, E.
(2016). Bioactive glass—gelatin hybrids: Building scaffolds with
enhanced calcium incorporation and controlled porosity for bone
regeneration. Journal of Materials Chemistry B, 4(14), 2486-
2497. https://doi.org/10.1039/C5TB02345A

Mollagasem, V. K., Ardakani, M. H., & Hesaraki, S. (2013).
Effects Bone Regeneration Using Nanotechnology—Calcium
Silicate Nano-Composites. Journal of Research in Science,
Engineering and Technology, 1(04), 1-4.

S S 4o —

23S Ol 5 e G ol Sl Aol i a5 L

3 S Ulge

3 slle Ll s (S B0l adsl slse Sl eslinal e
ST 658 8 Do 5 Ol b L2STy
5 bt oy bl 51 0ls e 1) ae
S bl 0 A5 shten e 25,
sl led a4 oo Y

Sk O S eSSl oa es Lo
b (53,51 5 S Ol 3 e Sl — it
Slsa 5 Skl Ol 3 10 5 5,108 e 3 o
Flr 3 Sl el el Sl 3 55 W0
S a5 S Ol s o cn) 03 Sl S
Verr glos 53 O eSSl ey S 2Ny b
el ok 5 gt IS ek a3

a0l 50 3 V5 ILL 5 gl Sl e
EE R SR O P RN SECRCWE STSNE &
23 sl ale Julsy s adsl el s s leleor
35S0k Olge 1 5 A e gde Slel b
kg o Ll el S CusaalSSL &S
ol Ol il oSy Olgeas 5 Ol gl Zal
LS 551 1 K 5T glag,ls 5o Olases 5 553
e b 5o GG 588 3 s L)y 03 S A

..)).w

S Rl —

5ol glacalas 31wl e p3¥ 555 ol s

(,.:,S 1,48 ;,ﬁuwo&m; S poxn

e

¢

]

Amin, A. M., EI-Amir, A. A, Karunakaran, G., Kuznetsov, D., &
Ewais, E. M. (2021). In-vitro evaluation of wollastonite
nanopowder produced by a facile process using cheap precursors
for biomedical applications. Ceramics International, 47(13),
18684-18692. https://doi.org/10.1016/j.ceramint.2021.03.201



https://doi.org/10.1016/j.ceramint.2021.03.201
https://doi.org/10.1016/S0142-9612(00)00233-7
https://doi.org/10.1016/S0142-9612(00)00233-7
https://doi.org/10.1016/j.msec.2020.111062
https://doi.org/10.30501/jamt.2023.376241.1259
https://doi.org/10.1016/S0142-9612(03)00115-7
https://doi.org/10.1023/B:JMSC.0000039284.70028
https://doi.org/10.1016/j.ijbiomac.2022.10.205
http://dx.doi.org/10.22159/ijpps.2017v9i9.17618
https://doi.org/10.4161/biom.18790
https://doi.org/10.1002/jbm.820050611
https://doi.org/10.1007/s10856-006-0432-z
https://doi.org/10.1016/S0168-3659(01)00248-6
https://doi.org/10.1016/j.ceramint.2011.10.042
https://doi.org/10.1016/j.biomaterials.2005.01.047
https://doi.org/10.1002/jbm.820240607
https://doi.org/10.1016/S1359-6454(98)80036-0
https://www.tandfonline.com/doi/pdf/10.2147/IJN.S79986
https://doi.org/10.1039/C5TB02345A

20. Nabipour, Z., Nourbakhsh, M. S., & Baniasadi, M. (2018). 27. Vallet-Regi, M. (2006). Revisiting ceramics for medical
Evaluation of ibuprofen release from applications.  Dalton  Transactions,  (44), 5211-5220.

21.

22.

23.

24.

25.

26.

gelatin/hydroxyapatite/polylactic acid nanocomposites. Iranian
Journal of Pharmaceutical Sciences, 14(1), 75-84.
https://doi.org/10.22034/1JPS.2018.32051

Palakurthy, S., & Samudrala, R. K. (2019). In vitro bioactivity and
degradation behaviour of B-wollastonite derived from natural
waste. Materials Science and Engineering: C, 98, 109-117.
https://doi.org/10.1016/j.msec.2018.12.101

Radev, L., Fernandes, M., Salvado, I., & Kovacheva, D. (2009).
Organic/Inorganic bioactive materials Part I11: in vitro bioactivity
of gelatin/silicocarnotite hybrids. Open Chemistry, 7(4), 721-730.
https://doi.org/10.2478/s11532-009-0078-z

Rezwan, K., Chen, Q. Z., Blaker, J. J., & Boccaccini, A. R. (2006).
Biodegradable and bioactive porous polymer/inorganic composite
scaffolds for bone tissue engineering. Biomaterials, 27(18), 3413-
3431. https://doi.org/10.1016/j.biomaterials.2006.01.039

Rhee, S. H., & Tanaka, J. (1998). Hydroxyapatite coating on a
collagen membrane by a biomimetic method. Journal of the
American Ceramic Society, 81(11), 3029-3031.
https://doi.org/10.1111/j.1151-2916.1998.tb02734.x

Riaz, M., Zia, R., Aslam, S., Qamar, A., Hussain, T., & Anjum,
S. (2019). Low temperature synthesis of wollastonite using sol—
gel combustion method: In vitro bioactivity evaluation.
International Journal of Modern Physics B, 33(10), 1950081.
https://doi.org/10.1142/S0217979219500814

Touny, A. H., Laurencin, C., Nair, L., Allcock, H., & Brown, P.
(2008). Formation of composites comprised of calcium deficient
HAp and cross-linked gelatin. Journal of Materials Science:
Materials in Medicine, 19, 3193-3201.
https://doi.org/10.1007/s10856-008-3459-5

28.

29.

30.

31.

32.

https://doi.org/10.1039/B610219K

Wu, C., Zhang, Y., Ke, X., Xie, Y., Zhu, H., Crawford, R., &
Xiao, Y. (2010). Bioactive mesopore-glass microspheres with
controllable protein-delivery properties by biomimetic surface
modification. Journal of Biomedical Materials Research Part A,
95(2), 476-485. https://doi.org/10.1002/jbm.a.32873

Zamanian, A., & Banafatizadeh, F. (2022). The effect of adding
different percentages of y-Glycidoxypropyltrimethoxysilane
cross-linker on properties of freeze-dried gelatin/chitosan
scaffolds with introducing Optimum Condition for Cross-linking
the Chitosan/Gelatin Scaffolds for Bone Tis. Journal of Advanced
Materials and Technologies.
https://doi.org/10.30501/jamt.2022.347635.1229

Zhang, X., Jia, W., Gu, Y., Xiao, W, Liu, X., Wang, D., & Zhou,
N. (2010). Teicoplanin-loaded borate bioactive glass implants for
treating chronic bone infection in a rabbit tibia osteomyelitis
model. Biomaterials, 31(22), 5865-5874.
https://doi.org/10.1016/j.biomaterials.2010.04.005

Zhang, Y., Jiang, Y., Han, L., Wang, B., Xu, H., Zhong, Y., &
Sui, X. (2018). Biodegradable regenerated cellulose-dispersed
composites with improved properties via a pickering emulsion
process. Carbohydrate polymers, 179, 86-92.
https://doi.org/10.1016/j.carbpol.2017.09.065

Zheng, Y., Wang, C., Zhou, S., & Luo, C. (2021). The self-
gelation properties of calcined wollastonite powder. Construction
and Building Materials, 290, 123061.
https://doi.org/10.1016/j.conbuildmat.2021.123061



https://doi.org/10.22034/IJPS.2018.32051
https://doi.org/10.1016/j.msec.2018.12.101
https://doi.org/10.2478/s11532-009-0078-z
https://doi.org/10.1016/j.biomaterials.2006.01.039
https://doi.org/10.1111/j.1151-2916.1998.tb02734.x
https://doi.org/10.1142/S0217979219500814
https://doi.org/10.1007/s10856-008-3459-5
https://doi.org/10.1039/B610219K
https://doi.org/10.1002/jbm.a.32873
https://doi.org/10.30501/jamt.2022.347635.1229
https://doi.org/10.1016/j.biomaterials.2010.04.005
https://doi.org/10.1016/j.carbpol.2017.09.065
https://doi.org/10.1016/j.conbuildmat.2021.123061

