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1. INTRODUCTION Malekahmadi et al. [6] in their research calculated the
values of TCE of HA nanofluid in water and Simulated
Body Fluid (SBF) as -6.0 % and -9.0 %, respectively. Li
et al. [7] in their study added the CNT to titanium
dioxide in water/ethylene glycol and then discovered an
increase in the thermal conductivity of the hybrid
nanofluid up to +56.48 %. Du et al. [8] found that
followed by adding CNT to iron oxide in water, the
thermal conductivity of the hybrid nanofluid increased
up to +23.33 %.

This research made a comparison of the thermal
conductivity of the HA/CNT composite in two fluids,
1e., water and SBF, to achieve simultaneous
biocompatibility and thermal conductivity for dental
coatings. In this regard, followed by synthesizing the
hydroxyapatite, the HA nanofluid was made, and the
prepared carbon nanotube was added to the HA
nanofluid (volume ratio of HA:CNT was 1:1) to achieve
the hybrid nanofluid with different volume fractions
ranging from 0.2 to 1.0 Vol %. The thermal conductivity
was then measured for the two fluids under study at
temperatures of 20, 25, 30, 35, 40, 45, and 50 °C. The
current study primarily aimed to determine the
permissible temperature range for HA/CNT dental
coatings to prevent TTP and improve the design and
optimization of the clinical treatment strategies.

Dispersion of solid nanoparticles in a liquid is called
"nanofluid" [1]. In medical or industrial applications,
solid nanoparticles can be carbon-based materials,
polymers, ceramics, etc., and the fluid can be water,
ethylene glycol, blood, etc. [2]. To achieve the desired
properties, hybrid nanofluid with more than one type of
nanomaterials [3] is more commonly used. For instance,
Hydroxyapatite (HA) nanopowder is characterized by
good biocompatibility properties, yet it is insulated. On
the contrary, carbon-based materials such as Carbon
Nanotubes (CNTs) have excellent thermal conductivity
but they lack biocompatibility [4]. Therefore, a mixture
of these two nanomaterials will ensure both
biocompatibility and thermal conductivity [5]. With the
rapid progress in modern dentistry, high-energy tools
such as dental lasers and optical deposition devices are
increasingly used in dental surgeries such as laser tooth
whitening and restoration, hypersensitivity treatment,
and deposition of dental restorative materials. During
these treatments, quite high temperature is applied on
the surface and inside of the tooth which may cause
Tooth Thermal Pain (TTP). Although these dental
treatment methods are widely used, the basic
mechanisms are not completely clear. Therefore, a
comprehensive study should be carried out to better
elaborate the process of heat transfer and the consequent
thermal damages to teeth. This will in turn improve the
design and optimization of clinical treatment strategies. 2.1. Nanofluid preparation

2. MATERIALS AND METHODS
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To prepare the nanofluid, different Vol % of
composite powder (0.2, 0.4, 0.6, 0.8, and 1) were added
to the water fluid or SBF and stirred for two hours using
a magnetic stirrer. Then, homogenization was done
using an ultrasonic device for 10 minutes, and carboxyl
methyl cellulose was added to the nanofluids for more
stability.

2.2. Thermal conductivity measurements

The thermal conductivity of the HA-CNT nanofluids
with different volume fractions was measured using
KD2 PRO device equipped with a KS1 sensor made of
stainless steel at temperatures of 20, 25, 30, 35, 40, 45,
and 50 °C. To evaluate the uncertainty of the obtained
results, each sample test was repeated three times at a
certain temperature. The value of Thermal Conductivity
Enhancement (TCE) can be calculated through the
following equation [6]:

k

k . —k,,
TCE (% )=—t—2L*100 ()
kbf

where kyr is the thermal conductivity of the nanofluid,
and ky¢ the thermal conductivity of the base fluid.

measurement included water bath, KD2 PRO device,
and different fluid content samples.

3. RESULTS AND DISCUSSION
3.1. Thermal conductivity

The thermal conductivity of the two nanofluids was
measured for the volume fractions of 0.2 to 1 Vol % in
the temperature range of 25 to 50 °C. The thermal
conductivity increased upon increasing either
temperature or volume fraction. The reason behind the
greater effect of temperature on an increase in the
conductivity of nanofluids with a higher volume fraction
was the Brownian motion at higher temperatures [6].
The results showed that an increase in either temperature
or volume fraction does not similarly increase the
thermal conductivity of nanofluids due to the non-
uniformity of the increasing slope. Figure 1 makes a
comparison of the TCE in water and SBF fluids with an
increase in the volume fraction. In addition, Figure 2
makes a 3D comparison of TCE in water and SBF fluids.
The results of Figure 1 revealed that the TCE of
nonaqueous-based nanofluid (SBF nanofluid) was
higher than that of aqueous-based nanofluid. In fact,
addition of CNT to the HA SBF-based nanofluid has a
greater effect on the TCE compared to the addition of
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Figure 2. 3D comparison of thermal conductivity in two fluids, water and SBF
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4. CONCLUSION

For both water and SBF, with an increase in the HA-
CNT Vol % and temperature, the thermal conductivity
of the mentioned nanofluids would considerably
increase. The highest TCE value of 32 % was measured
for the SBF-based nanofluid with 1 Vol % of HA-CNT
at the temperature of 50 °C while in similar conditions,
the TCE value for water-based nanofluid was obtained
as 20 %. For future research works, HA-Graphene (and
its Oxide) can be substituted by HA-CNT.

5. ACKNOWLEDGEMENT

The authors are grateful for the support of the Mining
and Metallurgy Laboratory at Yazd University and
Advanced Materials Research Institute at Islamic Azad
University, Najafabad branch.

REFERENCES

1. Ganvir, R. B., Walke, P. V., Kriplani, V. M., "Heat transfer
characteristics in nanofluid—A review", Renewable and
Sustainable Energy Reviews, Vol. 75, (2017), 451-460.
https://doi.org/10.1016/j.rser.2016.11.010

2. Sheikholeslami, M., Rokni, H. B., "Simulation of nanofluid
heat transfer in presence of magnetic field: A review",
International Journal of Heat and Mass Transfer, Vol.
115, Part B, (2017), 1203-1233.
https://doi.org/10.1016/j.ijheatmasstransfer.2017.08.108

3. Bakthavatchalam, B., Habib, K., Saidur, R., Saha, B. B., Irshad,
K., "Comprehensive study on nanofluid and ionanofluid for heat

transfer enhancement: A review on current and future
perspective", Journal of Molecular Liquids, Vol. 305, (2020),
112787. https://doi.org/10.1016/j.molliq.2020.112787

Bhattacharya, M., Seong, W. J., "Carbon nanotube-based
materials—Preparation, biocompatibility, and applications in
dentistry", Nanobiomaterials in Clinical Dentistry, (2019).
https://doi.org/10.1016/B978-0-12-815886-9.00003-6

Jankovi¢, A., Erakovi¢, S., Mitri¢, M., Mati¢, I. Z., Jurani¢, Z. D.,
Tsui, G. C., Tang, C. Y., Miskovi¢-Stankovi¢, V., Rhee, K. Y.,
Park, S. J., "Bioactive hydroxyapatite/graphene composite
coating and its corrosion stability in simulated body fluid",
Journal of Alloys and Compounds, Vol. 624, (2015), 148-157.
https://doi.org/10.1016/j.jallcom.2014.11.078

Malekahmadi, O., Kalantar, M., Nouri-Khezrabad, M., "Effect of
carbon nanotubes on the thermal conductivity enhancement of
synthesized hydroxyapatite filled with water for dental
applications: Experimental characterization and numerical study",
Journal of Thermal Analysis and Calorimetry, Vol. 144, No. 6,
(2021), 2109-2126. https://doi.org/10.1007/s10973-021-10593-w

Li, Y., Moradi, I., Kalantar, M., Babadi, E., Malekahmadi, O.,
Mosavi, A., "Synthesis of new dihybrid nanofluid of
TiO,/MWCNT in water—ethylene glycol to improve mixture
thermal performance: Preparation, characterization, and a novel
correlation via ANN based on orthogonal distance regression
algorithm", Journal of Thermal Analysis and Calorimetry, Vol.
144, No. 6, (2021), 2587-2603. https://doi.org/10.1007/s10973-
020-10392-9

Du, C., Nguyen, Q., Malekahmadi, O., Mardani, A., Jokar, Z.,
Babadi, E., D'Orazio, A., Karimipour, A., Li, Z., Bach, Q. V.,
"Thermal conductivity enhancement of nanofluid by adding
multiwalled carbon nanotubes: Characterization and numerical
modeling patterns", Mathematical Methods in the Applied
Sciences, (2020). https://doi.org/10.1002/mma.6466


https://doi.org/10.1016/j.rser.2016.11.010
https://doi.org/10.1016/j.ijheatmasstransfer.2017.08.108
https://doi.org/10.1016/j.molliq.2020.112787
https://doi.org/10.1016/B978-0-12-815886-9.00003-6
https://doi.org/10.1016/j.jallcom.2014.11.078
https://doi.org/10.1007/s10973-021-10593-w
https://doi.org/10.1007/s10973-020-10392-9
https://doi.org/10.1007/s10973-020-10392-9
https://doi.org/10.1002/mma.6466

q0-\+0 g(\f,'\ )L@.:) Al D)LQ.‘; AR 09> 4,..9)...2,..3 6@6}}&.‘5})‘}» aollos

435’2.3 ‘5\.@')‘9\.'5‘9:“9.4 MM

Journal Homepage: www.jamt.ir

ar & b
(f//ﬂ ] M!‘oL/.’/;

MERC

g S Al

BLSI 51 g Oty lodnd male 5 f 53 Sl S g oked Sl 5 ) o IS A s

S ld sl 0 S

N S TS VPIARR VO Y P W

Il a3 35 25 olKiils s g iy Hleo 5 Olro _puonligo oSl ol )] | uslids )15 (g g2l

Il 3 a3 e oKl g )y o 5 Ocdes ekige 0SSy LS ’

Il 35 2 s oKl iy o s Odmo pencligo s lSCiils yloleed”

oS LISl sl 3l 5 Sl Sl s ) S bl S s s 45 Lo oS>
oladr Jolm cola aglie Gua L sl sl GV ol colas LB )
Gl 4 Olajen plaws ) shian O Slaaend mlo 5 T dlw 53 3 (o S IS0/ S psn
Il 56 T S s5en 52 5l g casdllan 3 A bl Sl a3 g sl SOl Salda
oS WYL /CSUT S 5o ez o L) sligiluosbel o S glad S5l 5wl Sl oS5 e
LT st glosludiz o3l 31V B 0/Y) Cilies ez glado s b dbw b b s 6lol OF 4 (1 Jsles
Sl FESSEM) Jlae JouS iy SuS0 s Soe 5 (XRD) oS3l S5 3y sbad sl
2 d\a)t..«:.)..% JL“M}.:\; 93 A LS\)" ;5;)‘)} \:,\_‘:".,\.h LSJS“).U‘:’\ A rbu\ 6\5)[..:.).,.2 b\f E) a\f‘yb JQW
Lo53 op AL S ol OLES mls i plndl o s 53 00 B Y0 oz 03b 3 O Sleand mbo ol b
I 5L (gl S s sbas (sl oz Ao 33 G sed 0 b g o (Slosladinr w50 55 S5 Colda (20053
Y B on sleans @L» b ogloladsr Jbwsil gl 5 gy Yoo 2058 ;;_j by gloslads

B Sl egendis a3 00 Glas 3 gds s

https://doi.org/10.30501/jamt.2022.293503.1181 URL: https://www.jamt.ir/article 160874.html

e amsu 1
Ve ENT sl ol
VE VA e Dol des dl s

VE [ OUNY s e B

o5l guds
(ol calia
JICH (N PN PR W
(S slad S50
(s (3 A s
Il 5L

6‘f [V-4] )_}S n)u\ °J.‘.'&‘ B 6*:50}" (_gUhn.LSCo:-

AU i Sleypls Olg e o Sip gl S

a0 de —\

el e 5 Sl clezsls (s zbe 2 S5
3o S5 sl sl ol 4 plaws Gl
Wil soas o056 i slaz )8 [V1] Glse sl ¢ 5 S
s Sl el LTS 3 st

ol 51T S 5 e slge S J s sl ol Lol e ls

I Nanofluid
2 Implant
3 Carbon-Based Materials

(S| W GLA S s el ol gl j.l;SlJ.é

O3t (e b (SKas glas )8 55 [V 5] Ll e
opb 5 Sl b ey (S (e sl se S e el
Wil o b 5 055 SIS sl oo il e 5 s 5 3
JUl 55190 4 Ol o (Jhw 50 e glas 558 51 [V-1]
S S gaelKans s Sl sldie o)l >

NS e 1O Sl sags™

TO-TVYTYUA g5 e TO-TAYY 0440 1l (55, e 5 Odne ol 0USCES1s a5 o8l a3 e (O 1 SIS

mkalantar@yazd.ac.ir :,Lﬁir‘ﬁ


https://doi.org/10.30501/jamt.2022.293503.1181
https://doi.org/10.30501/jamt.2022.293503.1181
mailto:mkalantar@yazd.ac.ir
http://journals.merc.ac.ir/
https://www.jamt.ir/
https://orcid.org/0000-0002-1200-4039
https://orcid.org/0000-0002-1200-4039
https://orcid.org/0000-0002-1200-4039
https://orcid.org/0000-0002-3713-215X
https://orcid.org/0000-0002-9468-8891
https://orcid.org/0000-0002-9468-8891
https://orcid.org/0000-0002-9468-8891
https://doi.org/10.30501/jamt.2022.293503.1181
https://www.jamt.ir/article_160874.html

44 q0-\+0 g(\i'\ )L@.}) Al a)l.mi AR 693 4.".9)..:..__’ 6@6))[}3)}\};1 MM/QD&MJ&J&;-‘&LA .,\ml

(S s Sale plp o Ceslie albe gl ol
LS Pl L @l 5 Sdr (SAsE S
[Y+=YY]

ol o Gasn 5 [YE] Ok 5 gl S
oo ol s Sl S dlsil Solm ol
s S dploes do a4 5 do SN S | Ol Sl
035380 S5l e e Jagy 03 [YO] OLes 5
SIS VT s il aSles & S slad 5t
S5 dos 40VEA 1) oS 5 Jhw b 5ol calas il
03558 31 e 35 s 3 [T OLen 5 Y55 s S
Solla Gl ol 5 Voal wsl 4 S glad st
L3S Lol s VYV L S 5 Jlw iU Sl

oludr SOl Colds aglie Gua L oaddles
=l Ol Jlw 33 3 oS I 5L/l S s s
5 Gl & Oleen olaws sk 0L sleans
5> A5 plmil s w2slS as S s 6l Sl ala
sl sl mSokr 2 S Rask o
sl iluesbel oS el b 5 atle Coll S5 ue
Vsl oS slad ) Sl- bl S s oomm o b
YY) Cilises ez glads s bl 5U B o wlsl of 4
S5 e GOl 2sd Jol= glojludir asbe 510V 6
s S sy S S oS Ses 5 (XRD) LS
Slosladizr slse 5 51505l plaasiie ) slawa, (FESEM)
o 55 lp eslodir J5lm Colta (S5l A el
SEO L O X YO glales 53 O Slaand mbo ol
e M5 el el Bl el e peds a5 00
S Sl e e les Jlesl esgde
oGS e S sl sl S
5 Pl s pmmes 5 MO Gl s el
231 sl Ols slas paly (giluang

7 Tooth Thermal Pain

8 Yicheng Li

° Congcong Du

10 Tron (11, I1T) Oxide

I X-Ray Powder Diffraction

12 Field Emission Scanning Electron Microscope

b 8l (Be 53 Ll I Sl >
4 0l e oyl g5 55 ol bslsee b cnl s [)V] L5510
Sl S ol Cule Bl Sy 5o e
Y 5V

ol JUl (S sy s 08 5 ol Lo
by N el e GlObs L3 ege SR
ssba T ol Ol 3hlas o8l s sl ¥ e St
g o oslinal Ll 5 adjl o 50 b Lais (gl ol
Wile t 65,31 STl o (SB35 53 e S0
Slodul3d Hsba o Lol slaslKans 5 Sl glasy 3]
Oloys 3 b OGS (ol 5 qe 3 Ale OIS (> 5o
oslizal IOy odiSae 5 slge ol 5 T be i
sles Ols J=1s CLM sodaoleys ol b s e
Sl 355 elesl ol (S 8 358 o Jlas! oYU Sl
(Sl Sleys sl By opl el LS sleal 15 VOIS
s SalS o bl sla,lS 55l yls (glos xS s 1S
5015 53 ool Jlasl Wy e S gl g ol gl i
Sl al pl el S ol glandllas 4 (DI )~ |
Bshen S Ol glas el (ilaang 5~k s s

534S el 2l s 3 K T S s
53 Glllgal 5 YU B slecans s ax2dS aas
53 iy el L [V0 5 V8] ol w, e K550
Slp slodslsd Lol ¢ Slis anals as Ads s sy
LT S s Sl s il s o 5o 3l e
shye 51 S e S a5l omen V14T 5,05 35
53V S gl S s Moy o Sl 5
DN sl ol an § Loy 5s Sos slas 5 )8 55 axddS ans

5 (TH6AL-4V 5UD SIbs aslS e olst
sledir glaiis Lo Olge o Sl glacal
Sl ol Ol S AR e SIS
S cul oS sl it S (losledis

U’:”‘:'ﬁjgf\‘b" w‘a"‘ls S ) 9 ?alanﬁduvs/}l).b\)s@

! Cryobiology

2 Hyperthermic Biology

3 Thermal Excursions

4 High-Energy

3 Light Polymerizing Units

¢ Hypersensitivity Treatment



q0-\+0 c(\i'\ )L@.ﬁ) A e)LA..:J AR 09> A\;—é‘}.h:nﬁ 6&6})&3}3'}.4 MM/Q‘)&AA}&M‘&.LA .,LA‘ \KK

S Gk a8 IS b sles s 15 ol
Loadaly S ol S35 a3V Ll Comr )l (1065 61
Jome 53 15 0T 535 e WL A Jglome 53 s 55
Fasl oo b daadlile 3 S5 palie b 538 (106 KL
Lma 53 sk IS g 5 dlie s 5380 O &

i eslind G

[T6] O Sloand le odias | a5 sl e N J g

J gloes S/ A
B A
HCI
+/AY'E +/AY¢ o) Jse S
NaCl
RYARAY RYARAY (p§>
NaHCOs
- 0/AQ (f K,
Na;HPO4.3H20
— V/49A 9
CaClz
Lok - (0.9
Sl Salda g Sl —Y-Y
ol sladls 56 S~ Sl

bg (sl o oS L oS Glad I ST S 55
55 K3l Y gl ediatle KS1 i L KD2 PRO o&iies
A2 (S0l o gedis o j3 00 580 B0 YO XY (YO Y (glales
A (yaelia glas 53 Lﬁﬁ&uﬂcguwr,\p Sl
Aol Caezts 3 alslas 3 ol Colta Ll Bl Ao s E ST L

{Y¢]

k, —k
TCE (%)=%*100 )

bf

Sl Cults dnr (Sl Culds (il sl TCE of s o
g;..w‘ AiL: JL:..A L;)‘J} Q‘M ckbf E) 6‘0)@.,\42: JLAM‘}JLJ

Sl a6, Sl gl ARLLT s
I (§ 550 (51a4i yo3 s KD2PRO ol8iws & Ol plo: Jols

4 Sodium Azide
> Water Bath

G g,y =Y
3 g (s 5kwoslel —\-Y

et Jpp b ol S dil s
IYV] Lo 5 Se = )= sy & Caio(POs)s(OH),
BNV WP Y- PR RGIV WS SN PR (s R P!
el Voo 0 O Lol & b 03ls )l = Jilo o) S
ey A ol Sl S 5 Slad JS 5 daie b sl IS
5 oddze Sl Sada bl (lojlainr (Kon p3g A5
4 SIS ol 53 (sl o o @) S (sladl 50

.&;)\JELQSL:.AHJJAQ;LNV Sode

Il 56 (g 5lwostol —Y-Y
3 e oz oo (slosladiar Jbw s 4 4

St mlo b O Jls s (O 5 VA GV 0/8 /) (Slojlntir 3
' bz jen ofis g Cel Y e 4 5 A Bl O
S T gl olSans (G das 5 (3l R ¢ e A 03
e eSS dadlon s 2t (AL (sl 5 A pll 42 -
Al ol & "l

35 1zl (SBF) 0 sddiluans mle ctle ) slaias,
ol Slr 0 g (e s oy (0 J54) B 5 A Ul
b 5Ly Ol e v Pime &) oty 2y 93 0555 ol
Oyon 535 5 0y o omdos 4253 YV 4y La0T (glos a5
o) Kooy ISl 2 oo H/ATE A5 esls 13 bl
53 Sl b s esls s b s Ll i s 5l S n
T T N e N
03 npl G (g S aslslys s Blsl s 5 5l S a
3 A Sbdslw 4 ) shua) ol o edldlyl polie b
05 S wlsl J,_ZASQ,.W\JSSQP'Y.JJJ.\Z 03535 iy 95 4B
ol 53 S Hsbay SO b s esls 515 Olej « S o
5 Ssben p3lis UB 5 A Jslous 03,5 bgliun U 555
ol (g3 lwdnd C"LA o eeds a3 YV 4 ol les oilur,y
i ol O

! Magnetic-Stirrer
2 Sonicator
3 Carboxyl Methyl Cellulose



Vo q0-\+0 ‘(\i'\ )L@_f)g\ Q)Lﬂ)..\: AR 693 4&3).2...;” 6&6)}@}}1}4 MM/Q‘)&M}&M‘&A .,L:A‘

L 4 4,3 YO = YVAY 5 YO = YO/AN glaald 5 4o 5
Slaals &S 2T YAV 5 YEEA glaY oy alols
S 5 hited o S Gl 5l 5 Sl S 5o aasiiie

J.MSL;O .L:;U \) osle 92 U'i‘

Intensity (as unit)

2 Theta
S I 5L ol i CoiLT S 55008 XRD (6,1 K2

Slon s oS S P 5l LT S s ds o3ludr 5 S

J;-‘j

Cll S ool sSs Sn bl ¥ S s

sl sl 1 e gl 00 e g ey Ko 0 ulide 5 oldijmis
c]a.ﬂ ooy, jasia G s &S sboles
(ol S yio Sl Ghls sl Sl S5
SUolal )5 5 65 5 wldcsy, ghls «l)d &S pme ol

GO B | R R T Gt Y S UL ER I VS0

AVI10.00kV  Mag 15.000 x

2 D-Lattice Spacing

u:_)b" C«_{‘JA Lgﬁfe)\.,u ‘g;“""f“sf Ls‘f Sy Q)L&IA
p o (’@ Lo ogpmdes 00 B Y los 5l O S
o el ¢ prds

25 shaaiis —E-Y
bl -V -ty

sl e Pl 3 s slajl oLl gl s
Osa31 3 eslojladin 535 86 Cpizmen 5 bl S5
W3l ol A eslitl DSADVANCE oKiws L XRD
L oo iSOl V08 - sad b Cu-Ko SOl 65 dhoses
63 gdoea 3 asli ¢l§,aq:ejsoujﬂ;,-)s~/-r o S

Sbslep, -Y-£-Y

o ol 535 56 5 L g 6 bl sy andlas
FEINOVA Jue FESEM | eslital b las goi ' (5,155 50 5
OF 5 s plosil (J55kS Ve 55 L NanoSEM450
bul b G dd esls i Wb 51 2S5, L igel plan
25i (8 S sl e 55, (S L e Sl bl

Eou g cu -y

baaseio —\-Y
SIS ssda esle e XRD (5,81 ) IS5 s
ol B) oS slad J 5t 0l jTw
ssboles .ol ol &l o S ad J sl el S s 0
a3 Gl odd i CLT S g skm 3 g5 o sty S5 3 oS
VEYVE T gtV Aol b oax 3 YO = YV s wasiis
SO L bl b olS Gkl 4 a5 b el 2SO
KW CRCN W SUN W WCSWCS-TRT L B A SRR (% APRRHEMN
03 aatde A a gy S L Craen
L a0 a5 YO = 0Y/VY 5 YO = £Y/V1 YO = Yo0/4
Wl 05 ZSSTAVVAYE 5 Y /NIYA /YT glaN o alols
Ll L palls oS Gld il i W an ol 2sxs
(S Sl U ST S 5 5dm ol 350 534S 8

! Metallography



*o—\'o ‘(\2'\ )L@.:) A e)Le.\}'l AR 09> Jﬁé).:..:i 6&6)}&5}}1)# MM/Q‘)KM}&W‘&LA J\:ﬁ( VoY

o)LwJ..;; )| &}K,«j}.{y ﬁ}w & L}.i,i BE

5 s, 0 plie 53 oS bd Jsb/esbl Sy de

Lﬁjl;- LSL.AJ d"’"";_):’. ch...;A &Lﬁﬁ C_,...»\ ol d‘)‘fﬁyb O

S5 5 S Gd Il Jan 5 LT S s des 3

‘_;J,S\ﬂ Sl JSJ “ r)y el sdalie JJL; o3le 92 gﬁ-‘

O3 { W I RPN W U PR WAPWS ST PLVPUIA P
el ool sy SO

HV 10.

y o4

[

s L
2; nrils

[T

’ ‘3. A
HV 10.00 kV \;1‘ 20.000 x 500 nm
S I 5 LT S5 ojlekir SEM s sluas & K

ol calaa -Y-¥
S Gl lsledar Jbw sl 5o Sl Colda
s 43 00 BYO Lo 03l 53 Ao ) o /Y e
ol Sulda alie A5 0 e IS8l (6, Sl
o o OLE 5 0 Sloand mle 5 O Jhw 53 53 o3ladir
3 sk a3 £ 5T Y glales 3 aulie 0 IS s
ol o3 V5 /Y (Gl e S 3 alis A S
S L les Rl LS s e OLE T 5 0 USE el ot

S5 s ety LT S50 SEM sl Y K2

53 S SN SU g s Son pslas F IS s

Ssboben ool ol 03,51 el Oy 5 ey Ko 0l
SLd sl mhan wlbdcosn; wul jasie K6 55 S
Sls el ) oS ma ey el (Sar S bt s o S

Aien (6 e gl e 33 5 (S s SKon e S

5000 nm

HV 10.00 KV Mag 120.000 x V(IO u.m
V0 (L) LS5 55 oS seal J4LSEM sl ¥ ISS

Aol () s




oy Q0-Y+0 (Ve ) ) oplad VY oy ta iy slacgsls 5 slge asldad / O Kes 5 (et Se Al

OLES 04y Sleand mle 5 ST dbw 53 3 ojladir S0~
el 58 Aoy oS s e oL v J&; @L”J sl 0 031
o3bo 3555 b ol wb b losludir Jbu sl gl > olia
2o 35 b aslis 53 (SBF Jlw 50) 0T w0l Jlw 53 (gl jlaocki
A gl al loledsr Jbw sl ol Syl 15
03580 L amlie 53 O Slead mle bl S
Aol mSas Jhusl o S sld st

~ 3
- A T=50°C / SBF
E -
Qo 30 F ]
g i .
= F )
2 L )
: - .
i : P
= 20 F e Py T=50°C / DW
£ [ L 79 T20°C SBE
z sk . =
: - - .
1] sp )
= » _ .
= ; ) P
-
O F e
I 2 e
: B
= | e
F oLy . I | |

L } , I |

0.2 (4 0.6 0.8 1.0

Volume fraction (%)
95 53 oledor Sl Culda il ds s anslie VIS

O Sleand mle 5 f b

------

A HA-CNT in Water|
@ HA-CNT in SBF

1) yewY L

=
ey

=
=

G ) Aananpuo

Ol v 55 3 esledr Sl ol Gaman awlis A K2

Od Sl mle

S doesi — 4

S easut XRD O osesl ke O

g 58 Ol 3l st Aol b s LT S s s

s Oss U ekSuul SEM olaalise mls (Y

Colda sy (bl o Rl Sole Colis (e
Sladlo U Sl iy ol al sladbu sl €50 3 S~
bl il b iy 35U e ol T8 al
oty L5 o VL ez S L loslair gladlw 50
sabes 13 (Sl oS >) $U delm D13 s 5 5 5l 53l
ol Aol ame s [YE] Asl Ol y3 miy jeme S 5 SV
Ly dadlo sb 5ol colia (il s e S L Lo
a3 ood QLS (2l 3l e 0355 Ol i3 0) 1) il

0.75
— . & T=40°C
~ F R
§ 0.70 - Py g 3 T-30°C
SR § T=40°C
Boes § T g8 TorC
=4 < e ®
= 287 g @ 5 -8 T=30°C
2 060 =g T T
= _-F 5
= D " -8 T=20°C
2 A o T
o 055 F P e
= - .-
= o LT
./ -
§ 0s0 FEo 5
= P
P
0.45 i ; i ; i ;
0.0 0.2 0.4 0.6 0.8 1.0

Volume fraction (%)
@LA E) g_JT JL“M EEESL) e)l.w.)..q Lf';)\J} CA.i‘J.A Mu.d .0 JS.:

axs b gV Ve glabes (gl e S ol 5 O slea

0.80
— :
= ; = x

075 | _ B i )
_E ; B Vol. 1.0 % | DW
E 070 F - = Vol. 1.0 % | $BF
3‘ : - _ Lol
= -2 ﬁ.m-‘-'"'é‘vm. 0.2 % | DW
E ves | ox- P oy
g : g —:.%:— e G Pure Water
g 060 | 27 - -
&) F = L& T vol0.2% | SBF
— ossF .®
= - v _
g F e - [} [}
5 osof _ o o =
= L - o
= i

0.45 L+ } J ' } ; :

20 25 30 35 40 45 50

Temperature (°C)
Gujngw;ﬁ sledar Sl Colde anslie N IS

Aoy /Y Lguw;p-fjd\ﬂbsﬁlﬁﬁo,\{jtﬂw

ol Sela Il ds s Al v IS s
S GRIB L0k Sleand mle 5 Of Jlw 53 3 o3lads

g:,_il.)\.a Glmdw M.iu.a A J.{.\L BEES) L;\e)'b.l;e:- osle P



*o—\'o c(\i'\ )L@.ﬁ) A e)LA..:J AR 092 wj.;ﬁ 6&6}}&3}3'}.4 MM/Q‘)&AA}&W‘&LA .,LA‘

11.

13.

17.

18.

Sustainable Energy Reviews, Vol. 75, 451-460.

https://doi.org/10.1016/j.rser.2016.11.010

Chakraborty, S., Panigrahi, P. K., "Stability of nanofluid: A
review", Applied Thermal Engineering, Vol. 174, (2020), 115259.
https://doi.org/10.1016/j.applthermaleng.2020.115259

Sheikholeslami, M., Rokni, H. B., "Simulation of nanofluid
heat transfer in presence of magnetic field: A review",
International Journal of Heat and Mass Transfer, Vol. 115,
Part B, (2017), 1203-1233.
https://doi.org/10.1016/j.ijheatmasstransfer.2017.08.108

Bakthavatchalam, B., Habib, K., Saidur, R., Saha, B. B., Irshad, K.,
"Comprehensive study on nanofluid and ionanofluid for heat
transfer enhancement: A review on current and future perspective",
Journal of Molecular Ligquids, Vol. 305, (2020), 112787.
https://doi.org/10.1016/j.molliq.2020.112787

Tawfik M. M., "Experimental studies of nanofluid thermal
conductivity enhancement and applications: A review", Renewable
and Sustainable Energy Reviews, Vol. 75, (2017), 1239-1253.
https://doi.org/10.1016/j.rser.2016.11.111

Kumar, S., Hassan, S. B., Sharma, K. V., Baheta, A., "Heat transfer
coefficients investigation for TiO, based nanofluids",
International Journal of Engineering, Vol. 32, No. 10, (2019),
1491-1496. https://doi.org/10.5829/1JE.2019.32.10A.19

Sidik, N. A., Yazid, M. N., Samion, S., "A review on the use of
carbon nanotubes nanofluid for energy harvesting system",
International Journal of Heat and Mass Transfer, Vol. 111,
(2017), 782-794.
https://doi.org/10.1016/j.ijheatmasstransfer.2017.04.047

Dey, D., Kumar, P., Samantaray, S., "A review of nanofluid
preparation, stability, and thermo-physical properties", Heat
Transfer—Asian Research, Vol. 46, No. 8, (2017), 1413-1442.
https://doi.org/10.1002/htj.21282

Borode, A. O., Ahmed, N. A., Olubambi, P. A., "A review of heat
transfer application of carbon-based nanofluid in heat exchangers",
Nano-Structures & Nano-Objects, Vol. 20, (2019), 100394.
https://doi.org/10.1016/j.nan0s0.2019.100394

(2017),

. Salman, S., Talib, A. A., Saadon, S., Sultan, M. H., "Hybrid

nanofluid flow and heat transfer over backward and forward steps:
A review", Powder Technology, Vol. 363, (2020), 448-472.
https://doi.org/10.1016/j.powtec.2019.12.038

Bhattacharya, M., Seong, W. J.,, "Carbon nanotube-based
materials—Preparation, biocompatibility, and applications in

dentistry", Nanobiomaterials in Clinical Dentistry, (2019).
https://doi.org/10.1016/B978-0-12-815886-9.00003-6

. Jankovi¢, A., Erakovi¢, S., Mitri¢, M., Mati¢, 1. Z., Juranié, Z. D.,

Tsui, G. C., Tang, C. Y., Miskovi¢-Stankovi¢, V., Rhee, K. Y.,
Park, S. J., "Bioactive hydroxyapatite/graphene composite coating
and its corrosion stability in simulated body fluid", Journal of
Alloys and Compounds, Vol. 624, (2015), 148-157.
https://doi.org/10.1016/j.jallcom.2014.11.078

Park, J. E., Jang, Y. S., Bae, T. S., Lee, M. H., "Biocompatibility
characteristics of titanium coated with multi walled carbon

nanotubes—hydroxyapatite nanocomposites", Materials, Vol. 12,
No. 2, (2019), 224. https://doi.org/10.3390/ma12020224

. Khalili, A., Naeimi, F., Fakhrizadeh, A., "Electrodeposited

hydroxyapatite/graphene oxide/zirconia oxide composite coatings:
Characterization and antibacterial activity", Advanced Ceramics
Progress, Vol. 6, No. 4, (2020), 8-14.
https://doi.org/10.30501/ACP.2020.233349.1037

. Hadidi, M., "Evaluation of corrosion resistance of electrophoretic-

deposited HA-Cu and HA-CuO nanocomposite coatings on
Ti6Al4V", Journal of Advanced Materials and Technologies
(JAMT), Vol. 5, No. 1, (2016), 55-60.
https://doi.org/10.30501/JAMT.2637.70324

. Jaafar, A., Hecker, C., Arki, P., Joseph, Y., "Sol-gel derived

hydroxyapatite coatings for titanium implants: A review",
Bioengineering, Vol. 7, No. 4, (2020), 127.
https://doi.org/10.3390/bioengineering7040127

Kaur, S., Bala, N., Khosla, C., "Characterization of hydroxyapatite
coating on 316L stainless steel by sol-gel technique", Surface
Engineering and Applied Electrochemistry, Vol. 55, No. 3,
(2019), 357-366. https://doi.org/10.3103/S1068375519030104
Lim, H. P., Park, S. W., Yun, K. D., Park, C., Ji, M. K., Oh, G. ],
Lee, J. T., Lee, K., "Hydroxyapatite coating on TiO, nanotube by
sol—gel method for implant applications", Journal of Nanoscience

;.LS\ﬂ B LQJ&:.“»SU J:" B a..a\.J:JL.w %QIJ.S))J‘?&
S Sl s
Sy SSKe (W] o Chf“!k;wsw-’a-"

DI L Ok St b s Of Jbw 3 2 sl

S slewsy s

Sad 5L/ ESLT S5 dea (gloludin e3ls Loy
NG P EE)

JSYL QMJQL.:Q ‘kﬁ-.;)‘ﬁ L}'.'.LL"“) (5].5°)"’”\ @L’b
Sl sl ol Sylis I dss 03
boawalie 53 O Slaand mle b loslaaer
sy ol b glosludes gladlu st

o3V Lok Sleand mbe al s Jlw 5L« Glass
L;”S))J‘-:-“‘
s 00 by s 5 WS L;Usdjljjlj/q,.:}lﬂ
M)J ‘ML.:..A Lﬁ,‘j“:’ B S Jl}- DL f)ﬁ u"j},“"“l‘“‘

Vool bl sy Gl bl Gl

Lg‘a)'l.w.l;a.- osle e

.Jﬁ JM)J
S I I
2 S i O e &zl ol S e
dbw sl w

03558

Cms ol Colda 55l

il OF 3 ST S 5 e
AR YPLRNINTE CL& ol Colda 3 g 4 4 5L
iled eapdome WAL o nglSm e Sl ML

Sl

S 6‘f.
SoS sk L S slad dle bl S an

o3 5de 3 lad a (gl Sl 5ol s bl

L;"Ju')

"L:’Wuij‘(s-):"f‘;‘j A G a0

(¥

(¢

(0

a

v

6)‘}&\;*0 -0

03 oAk 5 Odas Kbyl Cola o8k

ddu\ J\)T aK.;Z.;\: BE] ‘wj..;:._’ J\).A am‘j}: B aK..i.;\:

S e Slas 5 S5 bl asg

ey

1. Ganvir, R. B., Walke, P. V., Kriplani, V. M., "Heat transfer
Renewable and

characteristics in nanofluid—A review",


https://doi.org/10.1016/j.rser.2016.11.010
https://doi.org/10.1016/j.applthermaleng.2020.115259
https://doi.org/10.1016/j.ijheatmasstransfer.2017.08.108
https://doi.org/10.1016/j.molliq.2020.112787
https://doi.org/10.1016/j.rser.2016.11.111
https://doi.org/10.1016/j.ijheatmasstransfer.2017.04.047
https://doi.org/10.1002/htj.21282
https://doi.org/10.1016/j.nanoso.2019.100394
https://doi.org/10.1016/j.powtec.2019.12.038
https://doi.org/10.1016/B978-0-12-815886-9.00003-6
https://doi.org/10.1016/j.jallcom.2014.11.078
https://doi.org/10.3390/ma12020224
https://doi.org/10.30501/ACP.2020.233349.1037
https://doi.org/10.30501/JAMT.2637.70324
https://doi.org/10.3390/bioengineering7040127
https://doi.org/10.3103/S1068375519030104

Q0-Y+0 (Ve ) ) oplad VY oy ta iy slacgsls 5 slge asldad / O Kes 5 (et Se Al

24.

25.

26.

27.

Malekahmadi, O., Kalantar, M., Nouri-Khezrabad, M., "Effect of
carbon nanotubes on the thermal conductivity enhancement of
synthesized hydroxyapatite filled with water for dental
applications: experimental characterization and numerical study",
Journal of Thermal Analysis and Calorimetry, Vol. 144, No. 6,
(2021), 2109-2126. https://doi.org/10.1007/s10973-021-10593-w

Li, Y., Moradi, I., Kalantar, M., Babadi, E., Malekahmadi, O.,
Mosavi, A., "Synthesis of new dihybrid nanofluid of
TiO/MWCNT in water—ethylene glycol to improve mixture
thermal performance: Preparation, characterization, and a novel
correlation via ANN based on orthogonal distance regression
algorithm", Journal of Thermal Analysis and Calorimetry, Vol.
144, No. 6, (2021), 2587-2603. https://doi.org/10.1007/s10973-
020-10392-9

Du, C., Nguyen, Q., Malekahmadi, O., Mardani, A., Jokar, Z.,
Babadi, E., D'Orazio, A., Karimipour, A., Li, Z., Bach, Q. V.,
"Thermal conductivity enhancement of nanofluid by adding
multiwalled carbon nanotubes: Characterization and numerical
modeling patterns", Mathematical Methods in the Applied
Sciences, (2020). https://doi.org/10.1002/mma.6466

Esmaeilkhanian, A., Sharifianjazi, F., Abouchenari, A., Rouhani,
A., Parvin, N., Irani, M., "Synthesis and characterization of natural
nano-hydroxyapatite derived from turkey femur-bone waste",
Applied Biochemistry and Biotechnology, Vol. 189, No. 3, (2019),
919-932. https://doi.org/10.1007/s12010-019-03046-6

19.

20.

21.

22.

23.

and Nanotechnology, Vol. 18, No. 2, (2018),
https://doi.org/10.1166/jnn.2018.14868

Catauro, M., Barrino, F., Blanco, 1., Piccolella, S., Pacifico, S.,
"Use of the sol-gel method for the preparation of coatings of
titanium  substrates with hydroxyapatite for biomedical
application", Coatings, Vol. 10, No. 3, (2020), 203.
https://doi.org/10.3390/coatings 10030203

Ansari, Z., Kalantar, M., Kharaziha, M., Ambrosio, L., Raucci, M.
G., "Polycaprolactone/fluoride substituted-hydroxyapatite
(PCL/FHA) nanocomposite coatings prepared by in-situ sol-gel
process for dental implant applications", Progress in Organic
Coatings, Vol. 147, (2020), 105873.
https://doi.org/10.1016/j.porgcoat.2020.105873

Park,J. E.,Jang, Y. S., Bae, T. S., Lee, M. H., "Multi-walled carbon
nanotube coating on alkali treated TiO, nanotubes surface for
improvement of biocompatibility", Coatings, Vol. 8, No. 5, (2018),
159. https://doi.org/10.3390/coatings8050159

Bazli, L., Siavashi, M., Shiravi, A., "A review of carbon
nanotube/TiO, composite prepared via sol-gel method", Journal of
Composites and Compounds, Vol. 1, No. 1, (2019), 1-9.
https://doi.org/10.29252/jcc.1.1.1

Ansari, Z., Kalantar, M., Soriente, A., Fasolino, I., Kharaziha, M.,
Ambrosio, L., Raucci, M. G., "In-situ synthesis and
characterization of chitosan/hydroxyapatite nanocomposite
coatings to improve the bioactive properties of Ti6Al4V
substrates", Materials, Vol. 13, No. 17, (2020), 3772.
https://doi.org/10.3390/mal3173772

1403-1405.


https://doi.org/10.1166/jnn.2018.14868
https://doi.org/10.3390/coatings10030203
https://doi.org/10.1016/j.porgcoat.2020.105873
https://doi.org/10.3390/coatings8050159
https://doi.org/10.29252/jcc.1.1.1
https://doi.org/10.3390/ma13173772
https://doi.org/10.1007/s10973-021-10593-w
https://doi.org/10.1007/s10973-020-10392-9
https://doi.org/10.1007/s10973-020-10392-9
https://doi.org/10.1002/mma.6466
https://doi.org/10.1007/s12010-019-03046-6

	3 Assistant Professor, Department of Mining and Metallurgical Engineering, Yazd University, Yazd, Yazd, Iran

