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Abstract

Background & Aims: Nervous system is one of the most important systems of the body that
it's damage will affect the motive and sensory abilities. For instance more than 2 million
people in the United States who would suffer from the cerebral damage and peripheral
nervous system destruction each year. Tissue engineering has provided a new medical
treatment as an alternative for traditional implanting procedures. In the recent years cellular
treatments accompanying by tissue engineering has experienced highlighted development in
improving of nervous system functions. Neural tissue engineering has concentrated on tools
for 4th production of neural synthetic and natural channels as an alternative neural
autografts. For development and organisation of the the healthy adult tissue, the boy material
a scaffold must have some appropriate physical properties such as biocompatibility adequate
mechanical strength high porosity, appropriate pore size and bio degradable and
interconnected continuous structure. Aliphatic polyesters are biodegradable and
biocompatible materials which can be regarded as an alternative for synthetic non-
biodegradable polymers for short-term applications. Nowadays several aliphatic polyesters
have been produced in large scales, such as polylactic acid and polycaprolactone. But in
contrast of the advantages there are several drawbacks associated to the aliphatic polyesters.
Weak mechanical strength and thermal resistance, limited gas barrier properties, low
availability are among the most important negative points. For solving the problems and
improving the properties, copolymerization, mixing and adding nano particle fillers can be
used. PCL is a non-toxic biodegradable and biocompatible polyesters with high mechanical
resistance. By low glass transformation temperature it has a robber like state and high
toughness and appropriate mechanical strength. PHBV is about you compatible
biodegradable and renewable polymer which is a proper alternative 4 or synthetic non
degradable polymers. But high price low thermal resistance brittle structure or among the
main problems associated with PHBV.

Methods: In this research two aliphatic polyesters if PCL and PHBV has been used. The
combination of these two polymers recently has attracted many attentions for applications of
biomedical engineering. The potential reasons for the wide utilization of these polymers are
easy reproduction processability and adequate information about their biological and
mechanical behaviour. These advantages have motivated the scientists and the researchers to
use these materials in some medical applications as suture, artificial skin, fixators and tissue
engineering scaffolds. . Utilization of PCL can improve the PHBV mechanical properties and
enhance the biodegradability. MWCNT can rise their compatibility and improve physical
and mechanical properties. Also MWCNT can help to the production of conductive
structures that improve the grus of neural cells. For production of the samples the magnetic
stirrer by 400 RPM at room temperature has been used. For appropriate dispersion of carbon
nanotubes and having a stable homogeneous suspension the ultrasonic homogeniser device
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has been used. For production of nano composite fillings for polymeric solution by different
ratios have been solved in 80 cc of chloroform and different percentages of nanotubes have
been added. The samples were placed ultrasound for 15 minutes. For observing an imaging
the morphology of the scaffolds structure is scanning electron microscope has been used.
The samples morphology have been investigated by SEM. The samples morphology Has
been analysed by tree different magnification of 5, 10 and 20 micrometer.

Results: No phase appreciation has been detected in the SEM images and the minor phase of
PHBv we was not located as a droplet in the matrix. So so it can be deduced that there is an
appropriate compatibility between PCL and PHBV. Also show in the sample of the the 75%
PCL and 25% phbv the Minor phase has increased and the effect of the change in the ratio
can be assessed. It can be inferred that by alteration of major and minor phases the
morphology will not change. In previous studies the morphology of the films produced by
solvent casting procedure with different amount of carbon nanotube, has been illustrated that
the PCL film by 1 percent CNT an appropriate dispersion and interaction can obtain and by
elevation of CNT percentage clog structures will form.

Although SEM provide valuable results and data about the morphology of the samples, it
will not tell us much about the dispersion of the carbon nanotube nanoparticles. For detection
and analysis of the dispersion of CNT, transmission electron microscope was used. For
better analysis of the presence of carbon nanotube and the appropriate investigation of the
tendency of CNT toward each phases, transmission electron microscope has been used.

For assessment of the mechanical properties and viscoelastic behaviour DMTA was utilized.
As it has been illustrated before an appropriate a scaffold must have and proper mechanical
strength. A proper is scaffold for restoration of the nerves must possess strength and modulus
close to the natural physiological loads on the tissues. All the polymeric and composite
materials have two sections of viscose and elastic. The elastic part of would store the energy
when the forces are applied, while viscose part would dissipate the energy. Therefore the
presence of viscose sections will elevate the dissipative modulus and the presence of the
elastic parts will increase the stored modulus. The ratio of the dissipative to a stored modulus
is defined by the phase angle. By increase of temperature both store and dissipative modulus
would decrease, but the decrease of restored modulus would be higher than that of their
dissipative modulus so the ratio or the phase angle will rise up. The results demonstrated that
the alloy of 75% PCL and 25% PHBV with 3 percent MWCNT has lower dissipation
behaviour in comparison with the 90% PCL and 10% PHBV with 3 percent MWCNT. So it
is clear that buy decrease of the PHBV percentage the structure will go toward lower
dissipation.

Conclusion: For investigation of the samples crystallinity XRD was used. The results
demonstrated that the two polymers are completely compatible. SEM images prove the
proper blending and compatible structure. TEM results illustrated that in some cases
separation can occur and the carbon nanotube has higher tendency toward PCL. DMTA
results showed an intermediate mechanical modulus and stored elastic modulus. The XRD
demonstrated that PCL had better crystallinity behaviour in comparison with PHBV and also
it is more stable. By alloying and the presence of carbon nanotube it has been observed that
the crystallinity size has been reduced but it has been detected that at buy higher percentage
of polycaprolactone and 3 weight percent of carbon nanotube did you sell India structure has
been enlarged.

Conflicts of interest: None
Funding: None

Cite this article as:

Yousefi Talouki P, Tehrani P, Shojaei Sh. The relationship between thermomechanical properties with

morphology in PCL / PHBV / MWCNT biodegradable nanocomposites with application in neural tissue

engineering. Razi J Med Sci. 2021;27(11):25-38.

*This work is published under CC BY-NC-SA 3.0 licence.

Yv

AR g M) o)les TV o555 15y pSaisjs mgle alan

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6117-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

o sl gl 3 sla e 0,8 ailé 055
e e P R
(V-F) sl 00 )57 Cdo 095 4 b 2l

Sy 5 Sy bl (05,5 4 PCL
Jhe (SElSe pBril b (oo 8 5 pdy 50
it ) dod S Jul (b S cnl o ls 3l
o ol S5 e S Gl a e 5 S
Az ) 9 ol Cnglie g iy SO e
e 35,5 5 4 550 ] nlin Aty S
3,5 SHlw Fr sgu )3 68 sladed b sles
SO g 3L Gles yo gyl Gl G0 dden )l
So el 0920 0,5 il dx 0 £ Ogd (sleo
Lo 0,1 @93 )l ()l plSocinl 5 (i8S
3ol sl oy ol Sl eslial (ol Cosgaos
Ol ande sl il (O Gl g8 alals s )8
YUy b alaii a5 jarlyges /S50 b Casl S ¢ JSio
5 ook 4 9 PCL o )55 (Vo -A) 098 oS 5 o)l
al> o 93 )3 pdy GBS S Syl (L oolgils
b = lajln Bd> g oS 55 a0 (0 g
o Lol aalonil Jsb & JLo ¥ B Y el Sas PCL
SsSelS b asSY b g5l LT Gl o2 L )l
3o talsdl ol alamdle BB (l5ee s 1) 56 Sty
9 S Rdm w8 S 16,55 S (VYY)
Sls U el sai eclb PHBV (5,3 syoss
Al S pdy B ek 6l (9>
Sy Casglie i,F ol 4531 5 orls Lol
Sl S 5 sl (Sl ol euiiSE ccoml
S eVl az s oo a yorly ol Fwuss ol
i o ) ol ool Lolss ol g sl axlin S
3V 0gV) Cl 00,5 dgaome (g A oo S
eras 6l Jsho b oad &S PCL (YF-Y ¥4V VoY)
Slooss cawl adbiie 035l Glp 0 )5 o
OB 4S8 real (plply w3l 4l Wl e
J=do 4 cuae céb & pled asllas gl PCL 31 S
5 0,5 oolatwl awal o 56 5 we>  SlSe olgs
Ssey Sl VIVO )5 dge laails lge a4 ol ple
w45 Cawl U yie PCL oS ool il
sz csls L vitro s b e Johe ac oo sbxl
(Y2 A5\ F) &S Coles VIVO o (g0

http://rjms.iums.ac.ir

YA

OSe 5 (Sob (g

dodlo

S Sl o s (2R (oS e
5 S @ an e col piasn o5 (Wl
e L L g
(A i § 55 0 (ol e Jold (L]
Al ;o LS el o 0l,8l 5l ypabes 99 ol asms
355 50 3o sl Jlzrs Wil ame (as s
5515350 la sl ol (2 )lse 5l (grms Al L g
Slodeo cde a gl g jae 3l sablin ;o (5040L 4
3,5 o agzlye (SrRe S g rys 5l (SBU
S olge 4 ing (San oloys o S8l wings
03,5 wal) 8 S il sl ) sln Rl
Lo 5 e sl 00isS gl (50592 G cnl e
S5l Sl oo ol (BTG 28l
JPESRR T r:Léol olas sl y ULpl Bas S Neural
53 el G sl S e 5 s ey 4 8L
5 ey Job 5l (s JB ) 3l la L
My gae i 0,8os Soug )0 C8L (i
() Cawlon,s
Jbo 5o s2egh gyoge So SSladl sl ol (b
Lol Ol pdy o B8 oy e @ oS a0l
e Cej slo SIS Sln Jo ol S lge @
ol azily Lial33l el sl Lo o a5 wind lagay
Sy 2t Slayorly gl Al (3 S L]
Do oSS sles )5 (gl i i G5
w58 S el (G iz ol Jlo o aites
@3lass bagi (o)l wlaiie (59, Slad] gy
Aol SISV (L T Gl 5o igd e 0y 25 )0
b «(PHAS) LacsLISIT S5 008 L « (PLA)

Gk 5l eSS slepul L g (PCL) g5¥y LS
wla Joo g Sladl ol SS9 ,5 (60 iyl

D Sy BB S 5 Olel s Lo
Sy LS‘LQ]Q.JJ u_»‘ LA"‘ Codgdowe &l euds s
Coglin 00 pwd Jwio gloo )5 0 pdy o )5u
Gas sgamo sla plg 5> oz s ‘53)\? 5 Sl
sla Lisuas Lyl (= e Cudgdzxe barrier
I YL oS ie il oo (g Ay diiler ¢ Srio
Gk 5l (Sl 905 olg> il &k 5l Gl (o0
sbasld 99530 (0,5 bodse (gl ok o

WA e V) o)l TV ooys5 gjly ySiisjs pglealan


https://rjms.iums.ac.ir/article-1-6117-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

2 58 Canns sl isls 6y (5lsiyen b (JSlKega s olss bl

9 S sbe adgdoil cnlin asy 9 laie a9
Ll 5 otz o2 4 SI390 sla ains SS&S
oBltws il § S lpsy (gmmilmgn o 4 (Sltws
el s HD3200 Jaoo U 505000 Seiswl il

A 48,5 1S 4y lJ BANDELIN 5,5

SNy 9 et Gt I dngd sl0 05,
S

I, @B Gl jeuds ol e caslo ol ags (sl
O bwg ol &)l b p 397w (o Al o
a0 00 lod o e jleslawl Ly g 5>
5 00l ,lou e Pl a5 Sae b os,S > o il
> Cad Yoy euiwlyt 45 Sl 4 oS S
U oo o0 51,8 55, Al ) Dae 4y 250 5 g a3y,
S5 sl ) LS e ] sy Sl 0550 oL
sle i L PCL s PHBV o 55 sl Jgl,5
o2 o pll VOIYD A-/Y .

Jodore ¥ lanl 2050860 sl oLd el (sl
J)l_>)o b‘\’/\’ 3V‘/\~’ 6[-@%“1_’611::.4.1.’
3 o 9 S J> (o (o A laie 489,15
Yo ) Loylgns oz slo dlglgil 3l ol slans
a1y Ladsges s puiSoe a8lal 1 0 S39 duo o
4l anadl gl Gudbs ol L agdo VO G
ccl Sgold zae Jloel a5 Lxl 5l asas aigul 24
Ghg ahais 8k 5l 909t (oo diged sles il
Ol 55 3l S ol ln Sl Gl p RS >
osls ploil (514830 0 g >0 ¥ o], ad35 VO oyl
gSa}GoS‘)dJ}ud‘)Jo‘joliuaés_ijuiwLoj
GRS S 0 e asged Sl Gl I e eeiSe
M;)‘)Sc.b.“mgl})éﬁ OMM)L_QASG:LCD
O 9 90953 01 33l (2l U e (o] 2
leslol o ohd el YF 5l am 5 00ls 18 090 15

OEM) 5 5] 1959 p500
9 )L_‘>Lw )‘ 6)‘0)—.’ ).’5_@ 9 ool 6‘)—’
P35y S 5l 0ol dgd sl Ll (559058 )50
3 ostate il gl ol oo ol sty s Sl

AR g M) o)les TV o555 15y pSaisjs mgle alan

AR

POL SLslaal ol s ymcke 59 5 syl 5o

a8 S By ojse (Sdn pjlsd Gla o5 o
ool ades sk alas 51 LYo Gles o ) sl g o]
il JB3) 9590 50 S Sledbl sgg 5 (s 3y wl )
U ol ouds cel Ulje ol degamme 090 Lo oy o
Wy dal SCh saxie slo (60,5 (o 0lge ]
;;_.M.g)lo 9 Lo ouisS M—SL} (S F—an g Clw
So— 3l 9 983 i 1) S pdy B S Cools
9 o=l e )55 4 asily s MWCNT S50
b ol Sl 5 (Sazed olg 9 0S SaS ey
aiw) ,o |y ool Jlans oS pizmen g 0 ol 8
le Jolw o) 4 oS 5 Lls, o bzl sl

SLEETY

lead 6yl % S ¥9 8 (o 5l gl cnl )0
& wils g (Southern  Chemicals) .8, &
S gy0ub bl oo soliwl V,V g cm 3
BANDELIN) &5, 5l oo (5 las 5 o puigs
ol 0o oolaiwl VYO g em ™3 aiils ¢ LT
G,k 5l Ve-0 nm ad 4790 ol L MWCNT
oole oyl aS el ;S5 a4l p3Y 5 0l ey CVD
Ol 3o( 5059 &858 5l g 0oz j5iS Lo
ot Jya b 3,15 ol s (5
Sloyouly ;o colaiul 0y50 slo P> 51 S5 CHCL
Slly Sl oS gy0en (h g 0S5V nlS b
So ool plad (gl 3 (S ye) &8 i 5l as el
VY 5 @ olazsl g g bl slyls JT >
aladi 0gm ol 4 il ol 5 il ax 0 -FYI0
clio old (6 agd gl a8 oad el ol oo
RN

Lopled g Lo Counr)Jo 4" 5y )Y Ol g
290 L (ebline Gpon jl Ladsges 4 sl
o u_" b eolawl b > 6L"‘> o . -RPM
IKA® RET basic _Jos o)l L oylJ] oS el

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6117-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

ey, LAYPC B -A sloo 5l ladigas .ol soliiul
ASTM E1640- i, 4 VHZ uils 5 0 0°C/
o T SKtoV1sSgs olss 5 s ools &l 04
e aS cl S apY 0 5 el Lo s
A s jabae 4 (59 5% shanail ;0 b tglo]
a5 Oy SeralinSTy 2l S o BS Blao

XRD ) S5/ axds] 4/

2 Sosk sl il lulis ¢l 5T el 5
as cdLS 05T 5l olKiws ol 5o o solazwl b aiges
Fogils 0.14 290 Jobo L X (55,5l o] 5B laie
Fo b o OY 0 el ol ol oaus ol
oS b colo b oKiws Slals 6,8 ojlail ax o
o9 3 yechy oS taghy jo & ly ;S gy JLJ]
o] o0l oslaul u‘)"‘

Lasl
L PHBYV (s ouds 0uiS]yy jU8 2o o5 (ouar gy
SEM a,.oj/}‘/ad&.&‘.«u/

.>l_>u| 6‘)—.’ Lg:Las)‘)J K9y —as u_‘?lJ Lrw..x.ﬁe,e
SNl Oy 4 b 5 G (sras o JUS
W g Wl el s cdl auilejl 5 daugs

O 5 (Soli hwg pdp

U‘)_" Ws)‘” SJ.Q.AL ol.i.:...aﬁ); )o)j.:...m oo
el vegall oK _ws Jo»

3 8 ail e S (5 940> 5l Tescan oS )0
SO gl Gl jslaie 4y b digas 5l g0y pgeal
Dgls = o3ls u‘ &9y Wb wy

W) ogl&" ,|

(TEM) g ypone (9 5] 5K 3500
S 0978 5 525 o glsil jea> ols (lis sl
o L olSss ol 5l (6 ey o 0 LT 25
sy o eolii Wl FEI o8, el Y-KV
30 g 0050 SdgglST A g 00 oo pl 2aulil
=l YO oo olasS ) 0 gole o5 LS el
il e

DMTA) Keoliss Silo jLis; dnlllao

L Tritec 2000 DM Jae DMTA ol%iws
g —ouly B g} ,0 09—>g0 Traiton <S5, 5
5o ool &) VL Elgil (o) 2 sl Ol (oorbs
Ao 50 SlSe (Solins s ol oolaiu] adiges
Pl Gl ol S5 4y g a8 5 Do aiS
JEl gles 5 (0,055 Sew¥l Jsoe) Seiw¥lgSns
Sl 0035 )5 dsle b dges (ol i

3992 Jobo ay ol (sla digas 5l Gialesl ol 5o

+/Amm ‘5_0).64 leér_.éjaimm uo)_cj )\ +mm

http://rjms.iums.ac.ir

A

WA e V) o)l TV ooys5 gjly ySiisjs pglealan


https://rjms.iums.ac.ir/article-1-6117-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

2 58 Canns sl isls 6y (5lsiyen b (JSlKega s olss bl

JiogsSen Yo 5 Ve 50 ciliss laiS,3 ¥ LTSPCL/25PHBV iges §l ety (65958550 b SEM ppgums ¥ JS05

el 00 yiaSme (6090 U Lo (slo diges a5

90PCL/10PHBV/ ¢ 35.056L ¥b S
Mol S Sl rlas a5 098 0 0aalie SMWCNT
030,5 oanline |y CnS Zolaw 5L Jg oas Blo
Ll

<l 5 eeelSl 0 F U5
75PCL/25PHBV/y 75PCL/25PHBV/IMWCNT
sl sb ol IMWCNT
S 79— PCL/10PHBV/3MWCNTA -
20,5 oaslie

3 man CenSh (55598 )90 4SS lalllas )3
5 S polie L solvent casting ;| oals ags slaplsd
VL PCL (L3 a5 ol ools lis guigil 0,5 oL
b @sgls (oS S il g (e ONT o0
a0 ONT oo o ilidl bog ools lis oS5 ke 4o
9 (YY) Alesse! 30 Syl o aSelS O g0
oaslive phaw (XS MWCNT/PCL cy j900lS 03
s MWONT 5o e izead 5 sl 00
2 WS g (s Bnd (Sdiaz Sy
9IV) 83,5 oo 50 il 9 0,350 e il (655
(Y

48 C3)5 A oy o0 SEM pglad 4 az g5 L

555850 TSPCL2SPHBV ,5s MWCNT 5>
ol 00 S oy Al mhaw ¢ 5 cS eSS

AR g M) o)les TV o555 15y pSaisjs mgle alan

AR

S wotae slo (S b Jb g el
Jd55 (S (Sl (olg> o655l Sy Sl
Sl dedtie ol Bl mhw coluwe YU
OLS SR u P8 San g dwgn o 4 JSdSde
AFY-YY) awe

25 g0 48,5 SEM b 4y b digad (535)58 )90
oS5 ;0 /) e Wga (S59d9d 550 Y ISD 50
dgu g0 0ddlive wolal o g, oo B) -+ Ve aliue
PIISTed (Sm 39 sed o3 JB glaxr diSoma &S
0,8 &ye o a Cwl PHBV &5 o 516 &l,3 5
ST 45 (655 4t Syl 055 g5 00 oS Slo
Sy s L3 5,55l PHBV 4 PCL

Qo yd oS 5 Y Ko 40 75PCL/25PHBV 5UT (o
o fity (PHBY) j3in 6 5 0 o5 o 5o 58
9 090 5B Om 5B et Sl eeples (oo Ll yo
o Sisise 9y Smea L) S5 5L 56
S ok 45 09d (o0 (e polal (ol )0 oS
3558590 S35 651 oSt e SLE A jore 58
Sl HE 5l g CawdSS (658098590 20l

= BLol L3 aised a 0,390 do o) sl o
2jeeSliYa S & 0 oo, F
axio a5 osls lis 9OPCL/10PHBV/IMWCNT
A S S jalS 5l (5 asiged ;0 C 8B
Sl ol oaims lis a5 wo S ol B sladiged

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6117-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

HEM MV 20 00 0V
WM MAG 10 00 bx
Mtecmasy) OANTAT  guest

O 5 (Soli hwg pdp

VEGAS TRSCAN

(b 5 90PCL/10PHBV/IMWCNT (a PCL/PHBV/MWOCNT  La ceyjoualS b ek s )| SEM g ¥ IS5

VEGAR TESCAN 4oy 1o 2000 MY
anmuuo-—.umn
Mcro 1

M MAG: 10 60 bx
le(mAsy): OSNTAT  guest

90PCL/10PHBV/3MWCNT

......... VEGAW TESCAN

otymer & Potrecnemicat warnae Il
ro t

......... VEGAW TESCAN

Potymer & Petrochemic al [ /]
Micre 1

75PCL/25PHBV/3MWCNT(b 75PCL/25PHBV/IMWOCNT (a8 (sls ol b > oS oo 5 SEM g5 —£ JS5

S8 4 g pien Jouled ONT a5 sl cpl (gonino
o loaS o> 2000 o LW PCL B o 85
= A5 oS cdalino ) ole asolS bla ae
o=l b Dldel col pads (wSee w93 Jdo 4 wilys
25l e ey

oo o= |y ONT sl adgd lS jyglai ol o
0diSTy Lo S5 lo 10 g0 dx 4 4SS cdlic
Asleas

oSS ile yo Oldgils as o ¥ ,S10b ISl o
IS—i ol jo a8 —w, » 75SPCL/25PHBV
Sg—s yidon Lo Ol3g5l0 ax 12 a5 05 o0 cdmlice
3y et i Node 4 D360 (o Jiles
CNT Geizred 058 (o0 x5 slz o) (b 0asSTy
J=led 90,5 I, 8PCL 5B o aS o)l 1, ol bles

http://rjms.iums.ac.ir

Jesliiaw] Ly o5 slo oJoil 21 jgi' (o s 1
TEM 4505/

slaigai 59, TEM gls 3l aids Sldllas b
polde ;o aS ools lis ONT abiee molis L PCL
WS Ojge 55 @ A il g o yeeas ONT oS
oS ple ;0 a3glS & g0 4 ONT v o GlBIL 5
(YY) Cwl 00wl 4o

olgd gm0d 4 130,5 oualie SEM ,lai o
o=l dm paiS osaline WG ke jo 1) ONT &l )34
3 oo TEM lap Ul o)y cos 5

0 5SS, S 5B A5 4iSe calin O JSKS o
PCL 5, Kiw 568 g (PHBV) minor 4 by e

7SS oriSee oamliie prolar (ol o s
ol oyl 4 wial susST, PCL 56y &ol,d45L

WA e V) o)l TV ooys5 gjly ySiisjs pglealan


https://rjms.iums.ac.ir/article-1-6117-fa.html

2 58 Canns sl isls 6y (5lsiyen b (JSlKega s olss bl

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

] -
OAVIOOO s 2pm O eV 200 ren

oo

3 » v 2 o
. - © A% - ‘
o v : - gL o
Bk ’A’ Nt o
o S e Mg 1S Ve Ly Lt G Lo
T N A

200 rem

v L 75PCL/25PHBV (b 5 MWOCNT 55 40 53 L 75PCL/25PHBV (@ (ke sl ahio pdaw | TEM g —0 JSUS

CNT (1095381 L a5 ouls svnlice Jovie [0 (pizred
el odal 43 a9l & g0 4 g oait

Leogive b Ty lore 4y Gl cnl avcin

MWCNT ;5 sy

g Jae PHBV 5B« a5 5 )ls (6 meS L
Ly Ladipal (1o = Silo 0133 (g 1

DMTA 405/ j/ ooliw/
S ylo SO el ;o 0l SIS oS aeSilen

L e, o ,Llml aSol b dand slaloges 4y a4
it JLEDl sLad oS adglil oo ,5 sl
Wb Gl el s a4 cannd 5059008 G lo

sl adggil yiulisl as’ conl S8 4y 0¥ el o
Ciseels sl ased Jlisl g Jose Rl el (08
et hos slas g Jyome (sm 098 (o
gy Sl g 0jgn (rl o ead ad Slacen s
3ol 3l pskie cnl glp aatms (lad 095 5l Ll
Ll 00 solawl DMTA

Sl Seslins (SHlbse )8, (poue 7SS s
Jsice 45 il ools i |, Lalls PHBV 4 PCL
A5 PHBV (ol 5 <l YO+ - MPa ol o .55

30 08,5 o odoline a5 45elen .l T - - MPa
S ool Las il 8l U ciliden sLalas
8, (el g wlei ool (gugmine (a5 Lodigas
= el ity S PCL asgad (gl Syl
it o (57 (Sl (Sl PCL iy
23,Js PHBV digas

Jpie oolss DMTA Jgai & Lgpye ¥ IS5 s
0013,5 (o (ST 9l sl gl plad o 0 33
Oty 99,5 s odnlive pgal ;oS jghiles .ol
5 IPHBV aligoi ay by po 5LIT (Slste ols>
S sy Gialy b il o PCL (sl i e
4o 5o g 4l Sl 8l (SSLSe elys oassil
33900, Iy Sgl aged Stu¥lsSny (olo>

AR ag ) )led TV 0,55 15jl) 1gSaisja gle alan

Yy

il (BLS e 4l S plSouinl cunlio
5 PSSl icvas pue 090 Job )0 Cany)ls oS 1>
Syl plr ) Cwglie slp a5 azsl 4 Soo5 (Jyse
o (1) 3l 5ls el @Y 28l 0)ly (Sojele 5
~Seelns slagsesl 5l ol s (ol (o) yskate
15 La ge)l ol gl el o oolil SLilSe
el ods 03,91 5y pglas
G 9 bl L CojonelS 5 (s pedy Slge (oales
By oole StV iy i etV g oS
WS e 05 ) 555 05l o Jlosl (T & (2195
G5l DU el adon j9Simy 2w a5 Jb> 0
Wyl e jiany (g 9> (nlple 09d (oo
g SVl (o j9—d> 5 BT Jgus
A BT Jgoo Comd 058 (o0 0,033 o Lyinlay
=0 4S8 0gd oo plotand asli b oo,>d Jodw
90 2 ol o a8l Leo aSliley .conl 518 4yl
GelS (Hg il (oo RalS DT 5025 oo
Ol g 099 BT Joas 5l yiden Jlew 0255 Joue
&l Ol 28 PHBV YL (o )55l s j o yle
Sgasme o] cia s plSoviuwl cle 4 el e
CNT 4 PCL (0438l Lb a5 oo cols lid ¢ conl
(VY 5 1)l asily i3l PHBY _Sulse olss
L as oad ools Lid DMTA (ygojl 4y a>g5 b Js
ol ede a5 wil, zalS Jsow PHBV 5 PCL oS 5

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6117-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

O 5 (Soli hwg pdp

5000
4300 4 ®PCL
4000
E ® PHBV
= 3500
E 3000
.§ 2500 ©
= 2000
(5]
& 1500
S
& 1000
500
Tee——
0
-80 -60 -40 -20 0 20 40 60 80
Temprature (C)
Ak el 3 PHBV 4 PCL (ol E' 0,85 Jgso siomio =1 JS0
4500 ® PCL
4000 © PHBV
® PCL/PHBV
5500 ® 75PCL/25PHBV/3MWCNT
g 3000 75PCL/25PHBV/1IMWCNT
P © 90PCL/10PHBV/MWCNT
S 2500
3 ® 90PCL/10PHBV/3MWCNT
> 2000
&
S
& 1500

1000
500
0
-80 -60 -40 -20 0 20 40 60 80
Temperature (C)

lacyjsealS s s PCL/PHBV 5U1 alls PHBV. ,alls PCL (clodigas (sly B 0,53 g sioeio =Y US4
90PCL/10PHBV/1,3MWCNT, 75PCL/25PHBV/1,3MWCNT

&5 L1 L8, 75PCL/25PHBV/3AMWCNT

(| DU o teS L3

ob—id (1 ,ls 90PCL/10PHBV/3AMWCNT
» yPHBV ao)yo jud> ;0 aS cul ol (goaims

) | [PU SRS SURIF FIPLIWIURISUEL SPX SRS SHOow
W)')cs«’j-&d—.’CNT@Jgo)bdMé.}ﬂ
O ONT oy 5l ailn 5055 (o o ymd

oﬁm@w&;u

A Lo digad y0 (5)8bl sl Ll )y
XRD j/oolicw/ b o
03 ) &_H)ﬁ—wls )| XRD L)B-c)] L‘>w‘ )»5
AlLS aiged (o sk JlSlo b (oo 18, ool
oanlie JSo cpl jo.cnl oad ooy las 4 S o
1545 ols S) PCL (gl slo sl Vsl a5 o

http://rjms.iums.ac.ir

Ye

o=l 100,35 e bade abgad plSouiwl YL gles
N AT FRCRIEYC WP SCE I NI D s S
g aidls Iy bl oy yiiey 75SPCL/25PHBV/3
Gl 00 5L Lol
sdalice Tan & jlog s A IS5 j0 45 a565ken
SaTged dmy by o IS (it 03, 5
AUl S 9 9OPCL/10PHBV/3AMWCNT
Ao 0¥ e Wi jo il oo PCL wigai 4y bgs o

G-l AT B1F - YL Ll ools JSCis as6lS
oS yile ;0 b ONT o cwl ooy lis | (g ias
G g oy ¥ ,0 4 ol asloads iy wg
2315 8551 ity wlgh e esle 5 ailoati iy
(302 S ) WS 03 o3
Sl as o, S sl Glssoe S5 0l 5o

WA e V) o)l TV ooys5 gjly ySiisjs pglealan


https://rjms.iums.ac.ir/article-1-6117-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

2 58 Canns sl isls 6y (5lsiyen b (JSlKega s olss bl

0.6
0.4
0.2
0 © 0 0 T NN M o
§ 4 0O 0 X DO W A ©
N oo <O & 0 I m
AN N N0 N8 S
TRYOWLS TP
PCL
PCL/PHBV

AWM MmO AT ONOO N ]
A NnN O OO A T N
SN ANMS O XM O,
NN = < N 00O 1N &N OO 1D &N O N
R — N oS
=@ PHBV

«=@==75PCL/25PHBV/1IMWCNT

«=@==75PCL/25PHBV/3MWCNT ==@==90PCL/10PHBV/1IMWCNT

«==@==90PCL/10PHBV/3MWCNT

J5PHBV/25PCL/1,3MWCNT PCL/PHBV.PHBV.PCL ;i Tan § &Ml oo A JSd
90PCL/10PHBV/1,3MWCNT

60000

50000

40000

30000

Indensity

20000

10000

-10000

20

PHBV

PCL

30 40 50

o4t PCL yPHBV (I, XRD jJul -4 Jss

WPCL ;L8 s oaz a5 cul cpl (6 onino
e (Ko,el sl paily sei ol MWCNT
(V) w38

ok slaylisbo b (S sk JB8, VY S s
P S a8 S 15 Sl 00 Lo angs 9,50 lo aiged
5 Ll an a4z gi b aS wo 5 saalive diges o
sl sba,bsle (0,8 sl jpax riores
S 4 Lo wiged (S sl ol 5losld] (nizen
Gl dgel du Cad ) Gl 00,5 oy alS
(Cenl o0l 5yl alls

o malsS o oS 5l 51 j0 @l 3l gl
S oL sl 55 53,55 o s 5 5
aS 09 oo oddlie b digad ) o Lilogd co (5,0k

WA ag ) o)led (Y o) 55 15l 1pSaisja gle alan

slatizle | gols Lo (oS o0 conlie b S
Sl oyl (6 oy lid pl &S Cwwl PHBV (5,5l
o290k sl 5 (S ek 48, L PCL saiges a5
el 0595 w PHBV & s 5 )l0L 5 o s

Ai o £43 90 4S5 39 oo odwlive PCL aiges o
Pl (oYL (s (Ko ek e o Gl Jlews S
aza o LY A_Toj_.zu_ao._\ml_;:mPHBV CURTON]
G i (o Dl 3 é_’éls s oole oyl o b_i..’ﬁl;
V) 6l BY o (K sl amman aSaizius lo 95 5
Ol 9 S (sl Glie 5laSols 05 >4
Awd 10 65 (6 s oS uniformity

I I B PSS PV L I Lchzy}L:.l'l Ve IS0
oo odoline i ol o8 3 18 alie 0,90
ol 5 cdle s iy PCL 5B ws )0 4z 2 aSogd
o 5l (Ko yedl LeLw PHBV L8 4 s

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6117-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

O 5 (Soli hwg pdp

Chart Title
60000
——— 75PCL/25PHBV/1
Fry 40000 MWCNT
[%]
g 20000 | \ ——90PCL/10PHBV/3
< 0 ,;AQ - MWCNT
0 20 40 60 75PCL/25PHBV/3
-20000 MWCNT
20

5 90PCL/10PHBV/3MWCNT , 75PCL/25PHBV/IMWCNT l,, XRD ;Ju1 -y« JSS

75PCL/25PHBV/3MWCNT
XRD
60000
50000 50008 ——— PHBV
40000
= 30000 ——PCL
§ 20000
2 10000 90PCL/10PHBV
0
-10000 © 20 40 60 75PCL/10PHBV
20

25elS 6l g Lalls cladiges plos gl XRD 5JUT -9 JSi

Lo cennyle (SO asdlg SGle ole> Giulidl Gas
Sl S ole> dgpy j9taie 4y PCL 5l oolaz il
(SR e P S Sool 3 ;i3 s PHBY
g laceus b U alie 205559l slopld colo
L Ll ,ls) bl 5,85 sl olss Jelos
Lacns,lo
P9y (s e )Is 4 (sl osliinl 590 (o,
b ain) 55 95 slagty, 5l (oSG ol
4 ol (ol B Bl (g oS Ceul Sl
e gla, eSS oo Zlos] o ol Ol
Olim - dad ojla sl g (655T98 90 Lol (59,
e Ll ol S LS el 5 b e
bl s il L 5,50 45 ol 4 ol
Slakiin 5 yarly 555 a5 e Jole ool (selo
SEM (y503! ;o g oolaiwl 5,50 P canle ol
g diwd 55l w2 b jedy g0 Vgl aS onlds cols ol

http://rjms.iums.ac.ir

A

039 92,0 ¥ g PCL oo jo oy s L slasges
G555 sk Sl adgi 4 e ()8 Sly3gl
Gysb tala Sl gonins lis pl a8 conl aiiS

2w PHBV , PCL

S S AR 9 ey
@l slad o) ;o sloos ms Sladsd 09,
e 4 Bslane 15 (o5 o 255 e plnil (S5
S Afgoe p) j cuas S8l pwiige Cuwl sl
L Solls bla,l jo a5 canlaaadled ool 5l coge
SHUST sl s, ol ol il o e slo o
ol 3l plas o a5 a8 5 )15 @ 095 SBlanl o,y )0
s ol by & 55 a i,
sbte an aS 0g ole s5ly Jald Gadios o
o=l aias b eSS sl ca s SIS slas )
L 5 slaadgdsil jloslaal sl o be a2,

WA e V) o)l TV ooys5 gjly ySiisjs pglealan


https://rjms.iums.ac.ir/article-1-6117-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

2 58 Canns sl isls 6y (5lsiyen b (JSlKega s olss bl

el 0olo Lo 4y (6,55 55 Lo 185 (5,0l

References

1. Jafar A, Kiasat-Dolatabadi A, Ebrahimi-Barough
S, Armin A, Lotfibakhshaiesh N, Norouzi-Javidan A,
et al. Polymeric Scaffolds in Neural Tissue
Engineering. Arch Neuro Sci. 2013;1:115-20.

2. Chun YS, Kim WN. Thermal properties of
poly(hydroxybutyrate-co-hydroxyvalerate) and
poly(e-caprolactone) blends. Polymer.
2000;41:2305-2308.

3. Mofokeng JP, Luyt S. Morphology and thermal
degradation studies of melt-mixed
poly(hydroxybutyrate-co-valerate) (PHBV)/poly(e-
caprolactone) (PCL) biodegradable polymer blend
nanocomposites with TiO2 as filler. J Mat Sci.
2015;50:3812-3824.

4. Vuornos K, Bjorninen M, Talvitie E, Paakinaho
K, Kelloméki M, Huhtala H, et al. Human Adipose
Stem Cells Differentiated on Braided Polylactide
Scaffolds Is a Potential Approach for Tendon Tissue
Engineering. Tissue Engin. 2016;22:513-523.

5. Gu X, Ding F,Yang Y, Liu J. Construction of
tissue engineered nerve grafts and their application in
peripheral nerve regeneration. Progress Neurobiol.
2011;93:204230.

6. Gassner F, Owen AJ. Some properties of poly(3-
hydroxybutyrate)- co-poly(3-hydroxyvalerate)
blends. Polym Int. 1996;39:215-9

7. Monteiro MSSB, Neto RPC, Santos ICS, da
Silva EO, Tavaras MIB. Inorganic-organic hybrids
based on poly(e-capro lactone) and silica oxide and
characterization by relaxometr applying low-field
NMR. Mater Res. 2012;15:825-832.

8. Patri’cio T, Ba'rtolo P. Thermal stability of
PCL/PLA blends produced by physical blending
process. Proc Eng. 2013;59:292-297.

9. Bikiaris D. Can nanoparticles really enhance
thermal stability of polymers? Part II: An overview
on thermal decomposition of polycondensation
polymers. Lab Polymer Chem Technol. 2011;523:25-
45.

10. Chrissafis K, Antoniadis G, Paraskevopoulos
KM, Vassiliou A, Bikiaris DN. Comparative study of
the effect of different nanoparticles on the
mechanical properties and thermal degradation
mechanism of in situ prepared poly(e-caprolactone)
nanocomposites. Compos Sci Technol.
2007;67:2165-2174.

11. Lim J, Seow Khoon Chong M, Yiling Teo E,
Chen GQ, Chan JKY, Teoh SH. Biocompatibility
studies and characterization of poly (3- hydroxyl-
butyrate-co-3-hydroxyhexanoate)/ polycaprolactone
blends. J Biomed Mater Res Part B. 2013:101B:752—
761.

AR g M) o)les TV o555 15y pSaisjs mgle alan

v

6,55k 95 PHBV) g0 5B 0oy oS 5 ial381 b

Si850 $9) ST (S 23,55 emlive > e
30 el g sl Bl 5 CensS (535d98 550 9 0,0
diged ;o 45 oo ools lid SEM yge3l jo o0l
asa_o 90PCL/IOPHBV/IMWCNT o .0l8 56
aS oo oy Al sle diged A Gl Sl (6
FaSoa (5390 b Lo (sla diges sl ] saims ylis
Yo el oolidl glasl pian 1 5o pieSis g oil oo
CnSls a5 098 (o0 0dline 0,365l S39 duo 0
odaline ) Consls ol 5L g 0uls Blo MlS
5 75PCL/25PHBV/IMWCNT 5L__JI .o :Sa
s—silea ] J—d=s 75PCL/25PHBV/IMWCNT
= 90PCL/10PHBV 39 00,0 ¥ &y 590055
A0 90 gl A S TEM ol o0l
75PCL/25PHBV/ ¢ 75PCL/25PHBV/IMWCNT
9 pa—ils 3L plas aS ool cols Llas BMWCNT
PHBV 4, i § &ls PCL 4y J,Ls CNT
La ONT o yion &1)3400 jud> 2 5 el 155000
ools Las DMA (yg03 ;o .0igds oo asolS i
Sl ass 5 Sl PHBV 5l 5 o5 (gl oole PCLAS o0
o ecle a5 ol ol Jsow PHBV  PCL oS 3
S 5 e ol Ly Couw 5 0ole a5 sl ]
99331 L S Cel oalds oy e (ol 50 gm0 )S
iy oS j5b 4 ONT (g 6 o5y ONT
Tan loges ;0 el odu] [0 a9l &g 4 g ot

Y51 o y2eS g sl 90PCL/10PHBV/3MWCNT

,Lss, 75PCL/25PHBV/3MWCNT;LT 4S5 o, 5

el a cod (68 (S (65,1 L]
XRD (y5—;l ,5.5,l5 90PCL/10PHBV/3MWCNT
5 9k L) PCL asged a5 oo eols lis
e S )l g e (B (Sl Ll
s9a> uizmed 5 55l bl ls 95 PHBV
3 Olydgils jgmax a5 10,5 caalin o,S Ol)34l
w2 9 (Sogl b GalS comn S5l 5
Loasges ;o Lal osd e 555k slo,izlo (3995
g PCL oo jo (pyicn a5 (ol digad a5 ol ovaline
sl taln )l 1y o0, Oldgl S e oY

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6117-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

12. Pitt G, Chasalow FI, Hibionada YM, Klimas
DM, Schindler A. The degradation of poly(lacton) in
vivo. J Appl Polymer Sci. 1981;26:215-220.

13. Pitt G, Gratzl MM, Kimmel GL, Surles I,
Schindler A. The degradation of poly (D-L-
lactide),Poly(lacton), and their copolymers in vivo.
Biomaterials. 1981;2:215-220.

14. Mofokeng JP, Luyt AS. Morphology and
thermal  degradation studies of melt-mixed
poly(hydroxybutyrate-co-valerate) (PHBV)/poly(e-
caprolactone) (PCL) biodegradable polymer blend
nanocomposites with TiO2 as filler. J Mater Sci.
2015;50:3812-3824.

15. Barbarisi M, Marino G, Armenia E, Vincenzo
Q, Rosso F, Porcelli M, et al. Use of
polycaprolactone (PCL) as scaffolds for the
regeneration of nerve tissue. J] Biomed Mater Res
Part A. 2014:1-6.

16. Jen-Taut Y, Ming-Chien Y, Ching-Ju W, Chin-
San W. Preparation and Characterization of
Biodegradable Polycaprolactone/Multiwalled Carbon
Nanotubes Nanocomposites. J Appl Polymer Sci.
2009;112:660-668 .

17. Barbarisi M, Marino G, Armenia E, Vincenzo,1
Francesco Rosso Q, Porcelli M, et al. Use of
polycaprolactone (PCL) as scaffolds for the
regeneration of nerve tissue. J] Biomed Mater Res
Part A. 2014:00A:000-000.

18. Lim J, Seow Khoon Chong M, Yiling Teo E,
Chen GQ, Chan JKY, Teoh SH. Biocompatibility
studies and characterization of poly(3- hydroxyl-
butyrate-co-3-hydroxyhexanoate)/ polycaprolactone
blends. J Biomed Mater Res Part B. 2013:101B:752—
761.

19. Cavalcante MP, Toledo EJR, Rodrigues RPC,
Tavares MIB. Correlation between traditional
techniques and TD-NMR to determine the
morphology of PHB/PCL blends. Polym Test.
2017;58:159-165.

20. Xua Ch, Qiua Zh. Crystallization behavior and
thermal propertyof  biodegradable poly(3-
hydroxybutyrate)/multi-walled carbon nanotubes
nanocomposite.. Polym Adv Technol. 2011;22:538—
544.

21. Huh M, Hae Jung M, Soo Park Y, Kim BJ, Suk
Kang M, Holden PJ, et al. Effect of Carbon Nanotube
Functionalization on the Structure and Properties of
Poly(3-hydroxybutyrate)/ MWCNTs Biocomposites.
Macromol Res. 2014;22(7):765-772.

22. Sanchez-Garcia JM, Lagaron SV, Hoa b Effect
of addition of carbon nanofibers and carbon
nanotubes on  propertiecs of  thermoplastic
biopolymers. Compos Sci Technol. 2010;70:1095—
1105.

23. Xuan Thinh P, Basavaraja Ch, Kim K, Sung
Huh D. Fabrication and characterization of
honeycombpatterned film from poly(e-
caprolactone)/poly((R)-3-hydroxybutyric acid)/

YA

OSe 5 (Sob (g

reduced grapheme oxide composite. Polymer J.
2013:1-8.

24. Liao HT, Wu ChS. Poly(3-
hydroxybutyrate)/multi-walled  carbon nanotubes
nanocomposites: preparation and Characterizations.
Design Monomers Polymers. 2013;16(2):99-107.

25. Lizarraga- Valderrama LR, Nigmatullin R,
Taylor C, Haycock JW, Claeyssens F, Knowles JC, et
al. Nerve tissue engineering using blends of poly(3-
hydroxyalkanoates) for peripheral nerve regeneration.
Eng Life Sci. 2015;15:612-621.

26. Faridirad F, Ahmadi S, Barmar M. Rheological
and electrical percolation thresholds of multi-walled
carbon nanotube/in-situ  polymerised Nylonl2
nanocomposites. Micro Nano Lett.
2018;13(11):1594-1599, 2018.

27. Leala CV, Martinez DST, Ma” BA, Alves OL,
Ducka EAR. Influence ofpurified multiwalled
carbonnanotubes on  the  mechanical and
morphological behavior in polly (L-lacticacid)matrix,
Phase behavior and its viscoelastic response of
polylactide/poly(e-caprolactone) blend. Eur Polymer
J.2008;44:2171-2183.

28. Sanchez-Garcia MD, Lagaron JM, Hoa SV.
Effect of addition of carbon nanofibers and carbon
nanotubes on  properties of  thermoplastic
biopolymers. Compos Sci Technol. 2010;70:1095-
1105.

29. Salgado AJ, Coutinho OP, Reis RL. Bone
Tissue Engineering: State of the Art and Future
Trends. Macromol Biosci. 2004;4:743.

30. Zhang N, Yan H, Wen X. Electroactive
biocompatible materials for merve cell stimulation.
Brain Res Rev. 2005;49:48.

31. Takezawa T. A strategy for the development of
tissue engineering scaffolds that regulate cell
behavior. Biomaterials. 2003;24:2267.

32.Ding Y, Li W, Miller T, Schubert DW,
Boccaccini  AR.  Qingging Yao, and Judith
AnnaRoether, Electrospun  Polyhydroxybutyrate
/Poly (#-caprolactone) /58S Sol-gel Bioactive Glass
Hybrid Scaffolds with Highly Improved Osteogenic
Potential for Bone Tissue Engineering. ACS Appl.
Mater. 2016.

33. Grozdanov A, Buzarovska A, Avella M, Errico
ME, Gentile G. PCL/MWCNT Nanocomposites as
Nanosensors. Springer Science+Business Media B.V.
2011.


https://rjms.iums.ac.ir/article-1-6117-fa.html
http://www.tcpdf.org

