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Abstract IN718 alloy is a high strength Nickel base superalloy that mainly used in moderate
temperatures and corrosive service conditions. In the present study, samples produced by selective laser
melting (SLM) at 1040 °C for 120 minutes were prepared under solution treatment. After solution, the
samples were cooled in three cooling media of water, air and extinguished furnace with open door. Finally,
the samples were aged in three standard conditions for 48 and 72 hours. To investigate the effect of cooling
rate after solution and aging time on precipitates characteristics and microstructure of samples, Field
Emission Scanning Electron Microscope (FESEM), X-ray diffraction (XRD) and hardness test were used.
The results showed that increasing the aging time under constant solution conditions increases the volume
fraction and the size of the secondary phases. Also, reducing the cooling rate in the solution step leads to
increasing the hardness of the samples in the aging stage. Finally, with increasing aging time, the maximum
hardness of the sample was 794 H. V.
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Abstract In this research, pure Yttrium Aluminum Garnet (YAG, Y3Als0;1;) nanostructures were
synthesized through a two-step process by using chloride precursors in a solution of water—ethanol electrolyte
with specific ratio. Also, the effect of cationic surfactant CTAB, on the size and the morphology of the
prepared nanostructures were investigated. For the synthesis of YAG, a layer of hydroxide film was deposited
on the surface of cathode via cathodic electrodeposition method and then, it was transformed to the final
oxide product in the course of a thermal operation. X-Ray Diffraction (XRD) analysis was used for
characterization of phase and crystal structure of prepared materials and also Fourier Transform Infra-Red
spectroscopy (FTIR) was used for characterization of absorption bonds. Thermal behavior of deposited
hydroxide during the thermal operation was studied by Differential Thermal Analysis and Thermal
Gravimetric Analysis (DTA-TGA) technique. The morphology and particle size of obtained powder was
determined by Scanning Electron Microscopy (SEM). The results of our studies showed that the cathodic
electrodeposition method is a practical and very efficient method for preparation of YAG nanostructures and
addition of a cationic surfactant like CTAB into the electrolyte during the electrochemical deposition can lead
to the formation of smaller particles and also has an impressive effect on the homogeneity and narrower

particles size distribution.
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water at powder to liquid ratio of 0.5 g/mL and 3 wt % of dispersant factor, dolapix, and 4 wt % of polyvinyl
alcohol were added to suspension. Scaffolds were prepared by freeze-casting method. The average particle
size of cement powder was estimated to be 5.45 pm. SEM micrographs indicate that created pores in the
structure are in the range of 100-300 um. Nanostructure apatite is formed on the wall of pores after soaking in
SBF. Compressive strength of samples was measured between 1.2 to 2.2 MPa. Cell numbers on the surface of
the samples are tripled over time.

URL.: https://www.jamt.ir/article _126413.html

o3 Ol S5 5 plad el ) f
Sl 3 o3 Ol Gl JSUES 5 edS (5l sl SIS
[0] 545 0 oS
Jodse HA S nsls s s o Jlpsal cil 0,
Sepl 3l e s S e 53 i Cus Sl
Wl (o3 oS as, pwslS s LS gba il
HA dops £r 5 e S3L dops EF Olseal Ao
St S b 28 g 5l 4 S s el elile L
ool Wb i o ol (e s Loy ) syu) Sul
sl sl S1MT el ol W6 8 st o s
by sy SIS 3 e S 00 sad 5l S o510 L
Lo ols s s i) OF s w0 Wilg e ol il
iy 5 spam Gl rlie Jome o Koo 00 L) oy o510
Il S bl Gl sy dale S s (S
R R B 2
lag S Sl mdls 03 SSL 5wy GUls dad sl
STUL LI 1 5,5 00 51 208 Sl s 4l sans
L5 o Bl WAL ey Se 00 51 i s s o5l
OF 53 s Ol 5o bajlsrciins 5 &S Ad,y asls |+
Gla uils s Ciyie 0BGl cal ol dalss |
IV] Gl 28 mas Sn 00 5z o3l L e
Yor b 00) cebie o3l L ol s Sl s
(IS 055 5o Olpsal Al sl ke (e S
e O sl Il A sl Sl Caeal
Lyl m3lS s Ol Wi, G s el
A e s ol &S cd Ol Sles ol sl
G or o baoess ol il 3L a5 S o A
Sl boosbne Tl S3l asy ke ey Koo Vo

4 Osteoblasts

5 Implant

6 Biomaterial

" Macrophage

4ade —

el s 3 latws 4 (HA) ' bl S5
5 ol lis Clew 45 550 o auiS Slind S 4l
Lo Olsea (aob Ol Juaae 5L 4 g lla
Lo HA & STl Y 5 V] sy, Sa Ol gl
ey (LS oo 13 Ol Ol 3L L (Gl 8 olans
s HA cl ol atlis O Sl Lss esle
SIS 5 ot 5 Sl Sl b
byl Sl 5 s 55 MOl sl s Colis L
sl e Sl S Ol b Ol SIS Cand ol O
St el beee O OBl (Bl
S o e 3 Shes 53 e BT Ol glrsas o]
s (S b et 5 ke SIS 4
wlerd L GlEn pUlF Glaen b Jlboa;
O bl ssle cpl e Gk 4 ool O Sladshor b podiies
3l glesb @S e 1B Ok lame 53 By 48 3l )
T8 5TTAS b s s |y byl Ol gzl

Ve B SE e s bl uSads T
308 O Se plde L3 Blae W 4 cod (el
O 5y 2 8kes ol Clow oS ol 38 Ly (6
Shls s Db Sle 5 b a0 ST s
Jlo w5 el C3L L g vaﬁjw)tw S
s HA g Glp Glons Lasy sl o0 @wals
slalle o glaws gl 65U elie s ulacy el
S s gt (e (S el b b
Olgial gdns 5B L wlie 5 HA 5 S 4 ol 6 20
5 sl e s HA o8 ol ods Sl ool o pln]

Sdshe St s O G S g5 Lol

! Hydroxyapatite
2 Bioceramics
8 Osteoconductivity


https://doi.org/10.30501/jamt.2021.251760.1130
https://www.jamt.ir/article_126413.html

\'f’ *\—‘.’\ g(\i" QL:.M.:U) LY OJLQ..LA' 092 wf:«:._z. 6@6‘)‘)“})\}0 MM/)KA.A‘)QLAJJ A.éjg.:v

Ol e sy ol LNV 0T el (gnlameil (6 Sasay sy
Tl e el bl s olae s A5
Yoo BYe osgdoe )5 Ol i o3l J 28 LUl 5 Aoy
Je Jals gl s ol D] A el e 205 S
I s Sl Il OF 5o sl &S ol (g3aze
LT s SIS s Kes Jsle Ul b
by 5wy B 0s edelimsy O gal Jslone
& cobdoslel (glaasad «ulgiys 3 pd o i caile O35
Sheetibe L M- U ol o Jlasl (galessil (SSEs 050
S s sansls (I drad Sl g 550 C)b'- Syl
sl ol T abscsn, Ll gl (Kool 3l
3 45 O il s CBLE ISl ((g3date Jiol 5o 4y o Dnln)
sl ol a5 e ol (S (b o
55 el SleedSl, belye 3l Ol (el
S8 5L sl a5 i ul ol sileslul
s s s b sl 8 sleasl a0 il
Dl osata gt il 25t SASsr esie
Slp o e Sl e G glacless
Sl b denedl b e ) e pl askad 4 lselSol
LA W] el <
Cll S il sy gl s opSt
Sl 0l o) ‘éwwgduow S ol 6l
Sk skl 5l slacanls cotla Ll [14-YY]
Sl milin bl 3 wlate sl s s Sle (slls & st
plil ) s el 0025 oy Il 4 B il Jl 12
Serlaglb bl canls cstle Rasys ol
Olaww 533 51 ealesmil (g Sy Soas 4 ¢ Jodsuaes Sl
Sl 3 Sl bl ol e s Dliad oS
Coll 4 bRESly LS waals opl s cwla0l
sbisy oo b Sl 4l ko s Glrle gl

G gy =Y

QM‘..,..JSQL%M 208 e V=Y

2 Morphology

o3l ST aSul bl o Bl (s oS a5 il grl
03 pr b kB al ey S 00 S eSS
T8T LS o 34k L ol

rdS 53 ol S bl (sl a0l T
elS 55l ST St il il sl
Sl el ok plil (Gl odS (G0l 5 ' Slid
SIBl sshea (LT el Slis SOl &gl
A Gl U Oayslealp G b Sl Co
JHs Ol ) Gl S 52 s SGll sbd sl
o Lol s Olegw 53 1y ol Jolss Sk o2als
Aol Ol Sltlay s b Jods s o s ole
ok s Jsds s Sbe 50T U= kS o KaS Ol ol
Colcodr 85l s Olew Pl #5180
Sl glad sk &S = 5 i) Gl okl Ddaloal b
g5 5 bl okl b Ol gl sl 5 228 5
18] 5 e

Sl el Oleww s sy Sl sl )
S rL(.x:M\ SIS gysba os o SO (sl_(.x”wﬂ
Loys YA sboml b el JSaLe Ve (s 05 Oloes
Aoy S 1/0 a4 OF plSonal Ologw 53 ol
s oS S0l Slat s oSl e ST [V ]
ol S Sl sl et (ol Sl (e S
B O U LT3 8| TS PO LN EPRE
bty ool ST a1z caS (85l Ol g5lst
3kl G LSS U SOt Sl Y Skl Kl
Gl Lagl el Pl S Joomd Olpaal L
By el Sege Ol bl (Sns s b g S
03 Jodss Sk sloul S Wlodewsy a2t opl @ O Kiasi
Sl e Rl Eel WIS e eendST Dl Ol
O3S pd il s L Ol Sl 5 Olesw
Slr Jbe glacosls Al s b eodaze sla 5
S Lol pwy 5 Ol gParal L8l wkige il glas
Shdsls s el lacasgdee 5 Lise ‘(’U‘SJ"
Sheslead didsn glacen)ls A5 s il e

! Beta-Tricalcium Phosphate



Y\ -¥\ g(\i" Ql.:..“.,l.?) Al D)LQ.A:' AK 092 4;.‘.3).:..:.3 6@6}}{;&))‘}» MM/)&AA}QLQJJ M‘}ga':’ Yi

O sl g Sl oo 0 5l csls a4 Sl
o Yo L L sl il B 058 i
S e dhio b s polad 53 (B ) S ay
sl O5s L OF Glos 5 ol oK oS3 jor Coand
B e/0 e Gilo e Jsene Co 35l 518 58 0 J 28
2l Gl S D]l aids s axs 0
2 sk a3 ¥ sl (ol S e (0 il e
Sl ses (8 skl Bl a s Okl adds
S H  Las e LB g Sa
beta 1-2LD plus marin Christ Gmbtt- ) ¥ gslal
sy —00 gl 5 JSKLL Y LLis L (Germany
B YV I VWY P SCIPIUATA SCTR VO PRPORIN W
el sy plt (Sl o S 5 LS dnnad la g
bl plam 53 555 ¥ ety oddang syl
o3ls I3 hoys Vv sy 5 s a0 YV Gle
T Sdea Ol 5L el LSS 5 ghtets e LS
(SBF) "0 sl Jybme 0553 G V5V
YV (EHRET KBK 4200) *, 5L sSul 3 5 ok sabse
G oard e ol S (OIS b 4
A SBF [TE] 42 sl O 5 S5 s b 0k Sl

WUV G § AT NP TN

0 s oland r:.-lSJé}g: O3 o3 a5 5 Y=Y
syl Jols oS 2Ll Oleww 535 O3 o311 w5
b ols g alss Slivd odSiss 5 Slind ndS s Lol
35 (LPSA) M 30 b lyd esll s iy ) eslind
FRITSCH PARTICL SIZE ANALYSER o&is s b
Glils ST 53 syl Sepl @ ar g L oAd s 22
Sl auly Lo diea Ooal dxea S oD

A ul;d;\ u:)bb b)‘.l.s‘ LSJ;e)‘Jq‘

GM% duCM'J.J‘é QW-A ‘-;w)ﬁ —i—“

" Freeze Dryer

8 Simulated Body Fluid

% Incobator

10 Kokubo

1 Laser Particle Size Analysis

I Sl s e Olad dS Ole o

(TTCP) ' wlid odS1,5 3 sl [10] A 4 il
5 (Merck 2069) oS by S Jge o 51 byl
(Merck 2144) "(cus 50) of O Tolans S s> Jse
L «(SVOI5IG5-1) (glojbw bl 53 el V Sotans
Odeos (Jol blsve At (Son i3 53 555 VAN Lo
AZAR FURNACES Co0.) S 316,58 05,5 el
axys Voo gl L (SIC ol PA 8, F2L-1500,
e glos 3 Jpames (e A IS g
Sl a2 ie Osla b edslowsa glaas IS s ls e
Slivd dS1S caalsl 3 A esls e N e S
«(Merck 2146) (il ) w53 Slicd dSiss 5 Jol>
L gloslaale Sl 3 el ) Sdots 511 J s o &
Ko Ologr 535 b s bylss aids 53 553 Voo S
5 Sl Sl Wpame Al st G Bl
S ey e Slabaien 3 Zosb 356 51 (5SS

W

Sl g s s Sl (a5l (glacm ls 45 —Y-Y
olezsil g Samn; i) 55 eddeslital O el 5o
S35 sl w5 el wosim Ll bl
Al st (5K s U i i OF s el
» ¢;§ V0 mle sy Cond b Olew o skl
Aos3 Y Olin a5 b b o 13300 T b i) oo
A Bl P62 ° S Y3 lue kST Jole dabr s3le S5
03jph alds Vo Ddedy Jyen Sy el Ol s
iFupSol e Ll sy oY eSS A
TS s b el esle S5 dons £ e ls 4l
xliial Lt L1 03508 Jbm 3 O seeiliw o 43 (PVA)
vl 53 O senibon s PH QY 50 G NAOH J sles 5
Ol g ot 5 1Sz 1 oslizad b (g AD

! Tetracalcuim Phosphate
2 Dicalcium Phosphate

3 Montieth

4 Brashit

5 Dolapix

6 Polyvinyl Alcohol



"o *\—‘.’\ g(\i" QL:.M.:U) LY OJLQ..LA' 092 wf:«:._z. 6@6‘)‘)“})\}0 MM/)KA.A‘)QLAJJ A.éjg.:v

Pl e oS S elid bl Sl 4wt
oS >~ &e o L 5 (Crop, canton Instron 5565) il
A el Dl Ad g Sesll sy s e e ) SO

Ao bl Ol S 5

s bty ~0--¥
W gas mhaw 555 ok sbadsle Col 5 ey
e & O (S (K555 50 5 LT iy
S Sor b o iS Jaos 53 6, SOV 3 5LV 5 Y 5l
s~ (Stero Scan S360 Cambridge) _ius, 55,
Olgeas Db 31 S50 Sl Y ot gas g3lwoslel (gl A
oLl Lo pos b (555 ( ALAS Aoy a5 ol Ay
adlas U Glads xS oo g ol gl CJ“” (e 3 A

A

S S5 1Y
Sldsh s sy b Shis o n S
CiS lases 53 5 A gl Al (e s S 1Sl
Dulbecco modified Eagle medium, Gibco-) DMEM
Vo s> (BRL, Life Technologies, Grand Island, NY
2 ke gy A Al Ve 5 (6 i e A
(S AemS1e5 doy3 0 5 1ea o y3 A0 ieadl L 5L 4SCul
(Dol 5SS ey Sl A e3ls SIS i S ey
L laes gad S 3 5 ol 4 o e3linadl MTT g,
Sl 5 oadosd iul (JSLSI a3 Ve Sl esli
s 3 e Vo F e U a0 e 55 ¢ Sl
b 03 il (d gl - 4 ged 48 ez LA 03l CiS
(ol ¥ Sodaty e 5 A 0303 3 (gl YE S
5 i Lo pa 4y a5 B A3 0303 13 5 50 053
WSO s wlol @l a4 ciS o s 1) e Y
sk TV (slos b (55 5L 55l 53 sk €505 45 pomn
Aoy 0-lsa o3 40 hwdl 5 deo s Vo Lsb
i esls 3 G,V Y Sl sbaakols 43 p S anSlss
At e mS QLSS S e A (S s (e 0l 3
3-{4,5-dimethylthiazol-2yl}-2,5-diphenyl-) MTT J y>s
cd 0l slad s b g5 (2H-tetrazolium bromide

$36 oS 5 Vi
R e R P R

)‘ Juu 9 SBF L LS)‘}&}"‘ )‘ (_}'“5 40.&..;41.@5 L_;LQ\:AMJ‘)
Seslial b2l o838 elnil (XRD) LS
AL 5 Cu T L Philips PW 3710 Jue X 5 5 zis 21,
KV jL:J) BE) 4CU'Ka UJHU rjjl...i‘ V/0¢ T d).]é L> B Ni
55 k503 XRD (681 el ey Yo MA 0L > 5 §0

.Juiﬁa.:jdz-)bo' LY. 20 4.3_5\)'05_}.10:&

L™ ‘Sl.haj)f -Y-¢-Y
2 ase plend Glaey S 5 ek py anlllas ) shes,
S e Vs usabs Bl S eddag glaca )l
e e Ave b Gl snse 3 Sl S ke Ve goseb s
BRUKER j‘} Q))LA c.w;ﬂ.:.la )‘ salae! L' Cf.ujjﬁ
Y;{:ﬁéj Ol L Eav—fans cm? o355 ;5 VECTOR 33

Ao g, Selul Y em?

JL‘.’?"L&}:{) -Y-¢-Y

Stereoscan  S360-) " iuss  os,Sdl osSKes S
W] 4&;.5)}1:35 Ye eMJs..JL:..: jL:J) L: (Cambrldge 1990
WY bas s Sl colia e dal s s
sl Lk sas S5y ALAS Syy 4 b Sl (SHE L
6&&.@&‘)); DL LLS‘)L:;.'LNJ.-:) Q‘Mu.ﬁ o ) A
J.g_jL.aJ K23 L&&&J ngzgo)".)u'\ QJ; rbu\ calises
[YO-YV] Al plxil dmaged Sl 3l 5 Lo 55 SEM

ol f&?r.?.u‘ —4—¢-Y
gl 5 el V0 ks L IS slail gl (slad sa

Jsde 53 (5abse 55, V8 5V 7O Sl da 5 osabse

! X-Ray Diffraction
2 Resolution
3 Scanning Electron Microscopy



*\—‘.’\ g(\i" QL:.M.’U) LY D)LQ.A:' g\' 092 4;.‘.3).:..:.3 6@6}}{;&)}‘}» MM/)&AA}QLQJJ M}g..;: Y-\

(ol il Gl e pedST 5 Shn Db e 4S0y
ol ghls eddags Olapw o [VN] sl 0diSs gdoes
oatie D3 Il 8 geve 5 o 05,5 5 &l
ol ol I s p3s 53 el 0jeslST D3 &S 5 S

A8 0 il s 53 il (SO 4 Doy s

Elen, 5 bl sl B (3B S Y-
Jodseiey Sl bl gl
e e

Sbacan s 3l stalcsy XRD sl S Y IS
)‘ J..g 44‘}4._: BE Méda QL.LJ \) QL@.:M: BEX] )‘ e.l..:m\.:é;
(..:u_kS\j:S “ .lajajn el sdmlis L;LA;{.:;” rl.au“ cd)j‘\.lﬁf
Shdags Slind wdSs 5 JCPDS 25-1137) wlivs
36 68 Sl @ e s Lol (CPDS 09-0077)
Y VRN [P
ol alS (Of Oy Dlind dS(63 5 Dlind (o dS1 s
Ol il Lol s 1SS
5 Bledd Gl SLlS DCPA 5 TTCP (slajil (s 5eb 5o

J‘)}j QL@.MA )J}J L 4&)) w\ L> L

csbl 56 5 el

da ol 0l 3Ls1 (JCPDS 09-0432) sl S s
el Oloes 53 35 50 50 LS LT (s sabse 55508
¢S SSuosh edas0lis KRD slasSl o o5 50 ey Sy
Sl O3 sl ppmen 5 edd LS5 oLl L

RCW IR PP PG

T:TTCP
D:DCPD

H:HA
W&i 1839 dbsé i am 39y 1F

33 4bgd 3w 395 Y

memmwwww s

B dbgd 3w 95T
ol sk sl M M«‘

529 dogd 3o 3931

(a.u.) oad

(539 Abal i LS

j&)}&f)]&tb“%@ﬂ)bxjﬂ&‘ﬂ6}{”YJS.:'

SBFJ)&)}&}P)})\i}V A )]Js.a.u

s s a5 055l B s Ssl 5 0l
A Jo les sl s Jiaign Jsle 5o 053k, 58 sla sk
BIO-TEK ) (655 b Ja 5 e (5555 420l 5
e gl OV =50 J5b 55 ((ElX 800, Highland park, USA
L el oo 3l aslial L (s 5 LS (5 1863100
(4 gad c)a_.ﬂ oo bdw sl (asie glad s slaas

o g i Y
ok o llnd V'”JS Ologw 5395 O3 o150 =V
(..:AS‘_;J 5 JKeze Ologw 5398 )3 03101 Lo g2
(TTCP) &liws oSl 5 5 (DCPD) "l ydngss olind
e 534S Soskb Olaa A 0d) ed e Se 0780
v g e sdalin VIS 5 o O3 o5l o5
osbieas il ey S YY) 5 meS (leslll (ol A s
(S, Al e b U e 6 ,S s
SoMulieds 15 0058 J 28 Cdsa Ll O gl o OIGY
Cpod 5 JRS 5 andls LS e 0 sl s
O dny wiged & el Gl e s 35

ol r)y Ve SO

o0 5 1 5 10 50 100 50 1000
[um] 3 ke

ol s Ol 353 S5 0311 w555 somie Jss

o)‘v\;‘ L: 6)>ﬁ c)‘.)ul.g K] Qj)AA )L:}L\A )bu‘ LS‘_)"

N | WLA 4Q)J§.:n ﬁ) aJ)Jor.ﬁ B c.hw}:.n Qb:

! Spectrophotometer
2 Calibration
3 Dicalcium Phosphate Dihydrate



*V \‘\—\"\ c(\i" QL:.\...JU) cY o)Lm..;c\' 092 4\:5}.;:.3 6“6)}‘..}9)3\}0 MM/)KM}QLAJJ d}g.&

! Rt o
20 pm C 200 pm 3

il ey Sl Sl b sl 5 SEM plas 6 JS
3oV 3l Gse s ) Shdm Gz isusebse 5l I3 (0 s

il b o3 S 55 55 gosab st 505 VE Sl (7 55 s

chw S5 sl LS 5 SBF s e sad (6,51 3
S Gosba ol ods b s o3Il [EalS Esl a0l
3o VSl A 5 ok Sl S ased ps s ol
odowy o S BA a0 ey S VAT ool Sl gk e
oolgs Cja"’ ebicsy, GV Sl s el
ools OLES S b avglie 55 Cilises sladi sod sla ol
B el e s (LT ) gd ol 02
Gy S5 S I ol sy SBE s (g5 54b 56
R R R R sl Ko 5 S
Sl LT sy JSE WS S 5 b
LT sy il wasab S5 Y ey ol [Y4]
w5 S) plp Ve QS n 0 S gosbe asde JS
N Y S P PSP PP ER(CC PN B 1
s So b JB
Sl wosibss 3l Ay dadse aea o

b.)\.:?:r.i VJA)J ;{.JK.J 45 v.;l.ﬁ)jl.‘j;b J.Al.& ‘d&":’dlﬁ:

(59 dogd 3w 595 1F

= . |
4 on ,,03,\ .
L IR A SR I | PO,
9 PO>
PO
| rog
PO
3900 3400 2900 2400 190 1400 900 300

(cm') oo 2
VE 5 Gosabse 3l S eddag cu B FTIR sSy e

SBF s gusabs& 51w 53,

L™ LgLMJJf -Y-y-¥
a5 VE 5l de s U8 1 ke FTIR Gib & I3
L;bacf sde s eddslul ol s e OIS () 54b 50
234 Sl Slind 05 S 4 by e NeVe cm? 5 070 080
T e L3 edkdobml S osde ey Wil g3 o
084S ek e edly s {..:..JS Olo S 4 NEEA omt
S5 el EA 31 dw by Cdd b eddanstle Cals
03 eddgs Sl S 5l AU el e edod ‘u‘-’I (aLQ;- BE
T e 53 sddsbul wld ol Sl St oSl
S el CSUT 3 st ppiils Sl S 4 by e AV Cm?
S g anb ) ST 05 Sl S 5 ol B a5 e
SBF )5 ladi ga 038 554l 58 il ool (oS 5o 3l
Saokes 4SS 53 s e OH 4 by e S Hsa-

[YA] 5535 0 duls 55 Y000 em? Jip 3wl

sl , -Y-Y-¥
50 1 e e ls SEM sl o S
oLz il LS5 55 3 SBF 3 (g abse 5 da
05 Kiwa L e e JUS ) pons oS ol s das
sl gl p cgnlemil (g Sawny hos Lgd e okd pslas
(Sras S deo Ly S ol L e g el
Ol 5 pusbad say Slails &5 5k Olon 350 0 o3lina]
Loy Sy ol WICYY Sla s o3Il cas e

A 03] e ey Se Toe BV ee s dmaged 4l



Y\—\"\ c(\i" QLL-..JU) cY o)L«..j c\' 092 4.2.5)..:‘:7: 6&6}}(.5})‘}.4 MM/)KM}QLAJJ 4:’)&.2 "A

Sl st abl glacauls pw) sl Sy -t
e 5L
e gy, A ¥

Gl Sty i SEM il o IS
Rl o s e Ol 1 el Sl e Vo Y Sl e g
Wyod w655 (Sl Gladshe wlibcsy ;g slas
S b K8 Sss Dpen sk ol sd e o
Jo s laesl s 5 0dd e e st LS
b a8 e e OLAS s e gy [YA] Wsd go Cujdy cLiles)
3 Syl RS o (mlbdoS) g
DFVT 55 n sl oJshe

)j)VJT)‘ch&_ALbuéLAWJ\JSEMﬁ_}LAJ .OJ»SA:l
das 4503 (5 5 tsusab g8 ) J Wpes (5 Al il oS

353 Cusibst 5a, T Sl da ged (G 50 tgosabss 5,

SostbsE 55V Sl ds dpe (2

Saoded s by e aldCsn ) (pl o e ey (e
Tl So s S Bl b el sS4
S 0k sdigluand Slule 3 Al spmsa Ol
Lookd) 0 lowdly alie Gdee Sob plad oS5
wlie sl Cobl wSooda Ay 5 Siele ol
Aas e Sy o SSidmnd PH 5 Ly Ll 5 s Ol gl
Wi gladul b bug o SlS ol oY cpl e
5P Sl B s sl il e S5 (A
Ol b 55558 Jlal 5 dasge Uil 3l |y OAd s

DY 575550 e s

gl LT gl ls (SOl sl Sy —¥-Y
Jodseay Se

Gt ls il ool (:Sle O Jsir o
e el 0l 55158 KL Y/Y B VY cciloss
ol plSonul 3 (g lsbine A6 SBF s 55k 58 0l
dacagls ol g lis ¢L§>f.:wl xS 3 ) el Al
Slaably 4 el oSl s L5 g3dane ol e
g5 cosle i (il talaxr 5l (Sa 9305 @bl
L Jsdss sl (& todostinal JlaodiS] 5 oo Olss
i ool SSOL LILE 4 S sk
Sl G s wbicsy, 5 e (7ol
o S T ok slal 5 ksl

iy Sew Wi boksle ol oS o
#3308 Dppon v g il bl g bS5 e
Sals ol Lol a5 Kl S 15 sl Cugr
TV 555 e ol

Cilies glac s (SO gl S35 ) o

(ISl Ke) (5Lt plSomtal 4 gas
YYY £ oY Sosibse 3 LS
VY ey Sosabss 55 Sl s
VAR VA Sosab s 55, Tl dn
VAN VAT SosabsE sV 5l e
VA VA Sosabse 55,08 5l A




Y* *\—‘.’\ g(\i" QL:M.’U) cY OJLA..LA' 092 wf;:.i L_sLAé))L.é)J‘}A MM/)KAA}QLAJJ éji.;'

S Ol bl 5 Doy oo 4 plis 5
215 ol Comal 5 Lad b (pl a5 Shes 5 o
P Sladlgal gladshe 2SS I da s s
Lol (S5 peedS sl 350 adis 5 oW slaclins
gl bawalie 55 1) (g st bl S 5 ks

IYY] das o OLES sl ge ol Hltla g S

b S ¥ogY
G0 o ioled glad she sl sduasolis VIS
S sk Oler ol IS 55,V 5 Y ) e kil mhaw
s Oley CddS L deaised plad 3 55d e d>de
OLL b3 &S osba bl (RIB (e sas glad
Sdsle slass il ae Ld Olie ) (i )
S 58S das e 0L el ol el 3 55 3 e dBCES
o3 iS slad ke S 30 Cgan G 5550 3o

éf:ikfw sdalin Lg)lJLLM QJU.T ‘Lg)jda),'c )‘J;U}J.\}

S 4oyl Sl L
PRCEEZFIECSIIY
FRGIE S TSI
W 509 sl 3l om 5517

2 29 7
o ALAC_,\M{)‘J Cjﬁ.ﬂ S QML};JLQ-\:/ 6L¢d)l~a J\J\SJ .-\ ‘)S:l

S8 ilie gl

S 4o —4
W Gl cmbe oy (ssleil g Sasn, i)
dolp ol &S bl Sl e s Sb gl s
Sl Mg e il glagd & cu.QJa sla Sl b
ooy ann o8 aslans r....,is daz 5l gy glas o)l
S5 bl 5B gl slasl laghy ol 55 s
Lo 53 S5 Sl A (Glid S bk sas e
Sl 5 bl ol Jas as LS8 (S5

P A G P B B e SR
Lt a0l sy Jobe slasdily O3S 55 5 b i
S Sl daesls (55 Jpbe OAZeLES Sl 5 A3l ool
DL 1y b ped (653l &5 Sl o @ 0T Jiles
Bld 5l baaiged O3l 5l S mls ol das
o5k sbdle cladhe A Glp (oS5 5 el
Wl 0 0315 OLES (3L L ol sl (slao sl o3 oy

Gyl s 6, Jltle gl bl & placanls s
Slassh 5 Ko g5 mbdcsy, ul s 1SS ol
ol o ke e Sk Ssl sl IS5 e
VS ety 3 da sl glae s ol odd 1y
gy 50 G Lilodd o3ls 13 CiS ases 5 S,
Oloy CbdS L lesls Ko i 5 a8 S )13 CiS L
el ol S5 (S slalie gy (LT oS
2 ok gladl b b oSl laysh Csm skt
AS e s Lol ebicsy; s bdile 6,5 S
L 53 dshe ol ladiped S 5, Y b &3l
iy ol 5SS S wss L Oljes (oS
2503 bdshe oS 5 ol esls £y 5 EX{ NP PG
(=0 JS2) wlas 5513 bl slaaY

oo O edalcawsa ks gbaSal sl
Ll Gl 4 and Ll (gilaxil (5 S,
Wl pwdige 5 esleany b Sl s Ll Ol Bl
Lo pndlS s eddoleml OO 58 e eslital [l
Gl Ol b ol Gixs L W Ysane
5 Olgal e 53 Sl 5 sl gla pilS ol
ol Bl peemes 5 b 28 S > 5 Sb Clds alS
S s Ol bl gl a8 sl
Ll e 3l 5 Ol el Lsy 0355 Sl
a3 L Olssaal Ay a8 L3l osbe o ol 51 50
S loslecas; cxle 5 b (B a4 A8 &S
Jed Slal 5l s Ol At s s el 0T e
Loalio 3 ol Sl 5 gyl gl aisls oasl
sl ol Sl (ae Sl
wdl dms e SRl L sleolsanl gladshe St
(e ol mae o Slolpaal gbde St



Y\ -¥\ g(\i" QL:WU) Al OJL«.}'} AR 09> 4;.‘.3].;\:.3 6@&)}{;&))‘}& MM/)&M}QLQJJ 43‘}{.;: Yo

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

De Groot, K., "Effect of porosity and physicochemical properties
on the stability, resorption and strength of calcium phosphate
ceramics”, Annals of the New Acadamy of Sciences, Vol. 523,
No. 1, (1988), 227-233. https://doi.org/10.1111/j.1749-
6632.1988.th38515.x

Xu, H. H., Quinn, J. B., Takagi, S., Chow, L. C., Eichmiller, F.
C., "Strong and macroporous calcium phosphate cement: Effects
of porosity and fiber reinforcement on mechanical properties",
Journal of Biomedical Materials Research, Vol. 57, No. 3,
(2001), 457-466. https://doi.org/10.1002/1097-
4636(20011205)57:3<457::AID-JBM1189>3.0.CO;2-X

Takagi, S., Chow, L. C., "Formation of macropores in calcium
phosphate cement implant”, Journal of material Science
Material Medicine, Vol. 12, No. 2, (2001), 135-139.
https://doi.org/10.1023/A:1008917910468

Landi, E., Valentini, F., Tampieri, A., "Porous
hydroxyapatite/gelatine scaffolds with ice-designed channel-like
porosity for biomedical applications”, Acta Biomaterialia, VVol. 4,
No. 6, (2008), 1620-1626.
https://doi.org/10.1016/j.actbio.2008.05.023

Munch, E., Franco, J., Deville, S., Hunger, P., Saiz, E., Tomsia,
A. P., "Porous ceramic scaffolds with complex architectures”,
The Journal of The Minerals, Metals & Materials Society, Vol.
60, No. 6, (2008), 54-58. https://doi.org/10.1007/s11837-008-
0072-5

Waschkies, T., Oberacker, R., Hoffmann, M. J., "Investigation of
structure formation during freeze-casting from very slow to very
fast solidification velocities”, Acta Materialia, Vol. 59, No. 13,
(2011), 5135-5145. https://doi.org/10.1016/j.actamat.2011.04.046

Araki, K., Halloran, J. W., “Room-temperature freeze casting for
ceramics with nonaqueous sublimable vehicles in the
naphthalene-camphor eutectic system”, Journal of American
Ceramic Society, Vol. 87, No. 11, (2004), 2014-2019.
https://doi.org/10.1111/j.1151-2916.2004.th06353.x

Hesaraki, S., Zamanian, A., Moztarzadeh, F., "Effect of adding
sodium hexametaphosphate liquefier on basic properties of
calcium phosphate cements”, Journal of Biomedical Materials
Research Part A, Vol. 88, No. 2, (2009), 314-321.
https://doi.org/10.1002/jbm.a.31836

Deville, S., "Freeze-casting of porous ceramics: A review of
current achievements and issues”, Advanced Engineering
Materials,  Vol. 10, No. 3, (2008), 155-169.
https://doi.org/10.1002/adem.200700270

Farhangdoust, S., Zamanian, A., Yasaei, M., Khorami, M., "The
effect of processing parameters and solid concentration on the
mechanical and microstructural properties of freeze-casted
macroporous hydroxyapatite scaffolds”, Materials Science and
Engineering C, Vol. 33, No. 1, (2013), 453-460.
https://doi.org/10.1016/j.msec.2012.09.013

Liu, R., Xu, T., Wang, C., "A review of fabrication strategies and
applications of porous ceramics prepared by freeze-casting
method", Ceramics International, Vol. 42, No. 2, (2016), 2907-
2925. https://doi.org/10.1016/j.ceramint.2015.10.148

Ginebra, M. P., Espanol, M., Montufar, E. B., Perez, R. A,
Mestres, G. "New processing approaches in calcium phosphate
cements and their applications in regenerative medicine", Acta
Biomaterial, Vol. 6, No. 8, (2010), 2863-2873.
https://doi.org/10.1016/j.actbio.2010.01.036

Sariibrahimoglu, K., Wolke, J. G., Leeuwenburgh, S. C., Yubao,
L., Jansen, J. A., "Injectable biphasic calcium phosphate cements
as a potential bone substitute”, Journal of Biomedical Material
Research B Applied Biomaterial, Vol. 102, No. 3, (2014), 415-
422. https://doi.org/10.1002/jbm.b.33018

Grover, L. M., Wright, A. J., Gbureck, U., "The effect of
amorphous pyrophosphate on calcium phosphate cement
resorption and bone generation”, Biomaterials, Vol. 34, No. 28,
(2013), 6631-6637.
https://doi.org/10.1016/j.biomaterials.2013.05.001

Zhang, J., Liu, W., Schnitzler, V., Tancret, F., Bouler, J. M.,
"Calcium phosphate cements for bone substitution: Chemistry,
handling and mechanical properties”, Acta Biomaterial, Vol. 10,
No. 3, (2014), 1035-1049.
https://doi.org/10.1016/j.actbio.2013.11.001

Deville, S., Saiz, E., Tomsia, A. P., "Freeze casting of
hydroxyapatite scaffolds for bone tissue engineering",

JJS.S ;‘ JJS g% J}Lﬂ ‘-;/wavv;: “ cLAOJ\ﬁJ Ck_ﬂ
b1 slpe (o5las plSomtal o 0350 plonil Ayl ibie
RCE PN PO NPT COU S O INCH SOV g P P
E) )l-v‘fﬂ-)b«s‘ﬂ cQ)J.i:A 5B) PR o)"Ju'\ b ujb) )\ salaa!
Olocs 5353 311G (5 pemilms e Sl ol PVA ey
s s glaeyl s 2l e b Slins s
53 e s sy e 1 e St
Wbl i Slassbsl 5 s S do A lis
28 b 1 bl ey Sbe kit 56 o ls LS5
S e g0l 03 glin 51 Sl (S5 am sla0 s

c.SJ‘}war‘ -0
GK.‘:'_LLA)T QBI}:M )\ 'L"‘:L;‘ r)y S p QK.LU&
QJJ}T V-A\fe J.“J.M.s ‘éjj‘ B J‘}A cm)}: )‘_}AC,\..«.L)

el

1. Jarcho, M., "Calcium phosphates ceramics as hard tissue
prosthetics"”, Classic Papers in Orthopaedics, Vol. 157, (1981),
259-278. https://doi.org/10.1097/00003086-198106000-00037

2. De Groot, K., Ducheyne, P., “In vivo surface activity of a
hydroxyapatite alveolar bone substitute”, Journal of Biomedical
Materials Research, Vol. 15, No. 3, (1981), 441-445.
https://doi.org/10.1002/jbm.820150315

3. Teixeira, S., Queiroz, A. C., Monteiro, F. J., Ferraz, M. P., Vilar,
R., Eugenio, S., "Osteoblast proliferation and morphology
analysis on laser modified hydroxyapatite surfaces: Preliminary
results”, Key Engineering Materials, Vol. 309-311, (2006), 105-
108. https://doi.org/10.4028/www.scientific.net/KEM.309-
311.105

4. Santos, E. A., Farina, M., Soares, G. A., "Specific proliferation
rates of human osteoblasts on calcium phosphate surfaces with
variable concentrations of a-TCP", Materials Science and
Engineering C, Vol. 27, No. 1, (2007), 61-66.
https://doi.org/10.1016/j.msec.2006.02.003

5. Webster, T. J., Siegel, R. W., Bizios, R., "Enhanced functions of
osteoblasts on nanophase ceramics”, Biomaterials, Vol. 21, No.
17,  (2000), 1803-1810.  https://doi.org/10.1016/S0142-
9612(00)00075-2

6. Salyer, K. E., Hall, C. D., "Porous hydroxyapatite as an onlay
bone graft substitute for maxillofacial surgery", Plastic and
Reconstructive Surgery, Vol. 84, No. 2, (1989), 236-244.
https://doi.org/10.1097/00006534-198908000-00008

7. Merritt, K., Shafer, J. W., Brown, S. A., "Implant site infection
rate with porous and dense materials”, Journal of Biomedical
Material Research, Vol. 13, No. 1, (1979), 101-108.
https://doi.org/10.1002/jbm.820130111

! Topography


https://link.springer.com/book/10.1007/978-1-4471-5451-8
mailto:https://doi.org/10.1097/00003086-198106000-00037
https://doi.org/10.1002/jbm.820150315
https://doi.org/10.4028/www.scientific.net/KEM.309-311.105
https://doi.org/10.4028/www.scientific.net/KEM.309-311.105
https://doi.org/10.1016/j.msec.2006.02.003
https://doi.org/10.1016/S0142-9612(00)00075-2
https://doi.org/10.1016/S0142-9612(00)00075-2
https://doi.org/10.1097/00006534-198908000-00008
https://pubmed.ncbi.nlm.nih.gov/?term=Shafer+JW&cauthor_id=429378
https://pubmed.ncbi.nlm.nih.gov/?term=Brown+SA&cauthor_id=429378
https://doi.org/10.1002/jbm.820130111
https://doi.org/10.1111/j.1749-6632.1988.tb38515.x
https://doi.org/10.1111/j.1749-6632.1988.tb38515.x
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Xu%2C+Hockin+H+K
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Quinn%2C+Janet+B
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Takagi%2C+Shozo
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Chow%2C+Laurence+C
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Eichmiller%2C+Frederick+C
https://onlinelibrary.wiley.com/journal/10974636
https://doi.org/10.1002/1097-4636(20011205)57:3%3c457::AID-JBM1189%3e3.0.CO;2-X
https://doi.org/10.1002/1097-4636(20011205)57:3%3c457::AID-JBM1189%3e3.0.CO;2-X
https://doi.org/10.1023/A:1008917910468
https://doi.org/10.1016/j.actbio.2008.05.023
https://doi.org/10.1007/s11837-008-0072-5
https://doi.org/10.1007/s11837-008-0072-5
https://doi.org/10.1016/j.actamat.2011.04.046
https://doi.org/10.1111/j.1151-2916.2004.tb06353.x
https://pubmed.ncbi.nlm.nih.gov/?term=Zamanian+A&cauthor_id=18286603
https://pubmed.ncbi.nlm.nih.gov/?term=Moztarzadeh+F&cauthor_id=18286603
https://doi.org/10.1002/jbm.a.31836
https://doi.org/10.1002/adem.200700270
https://doi.org/10.1016/j.msec.2012.09.013
https://www.sciencedirect.com/science/article/pii/S0272884215020544#!
https://www.sciencedirect.com/science/article/pii/S0272884215020544#!
https://www.sciencedirect.com/science/article/pii/S0272884215020544#!
https://www.sciencedirect.com/science/journal/02728842
https://doi.org/10.1016/j.ceramint.2015.10.148
https://doi.org/10.1016/j.actbio.2010.01.036
https://doi.org/10.1002/jbm.b.33018
https://doi.org/10.1016/j.biomaterials.2013.05.001
https://doi.org/10.1016/j.actbio.2013.11.001
https://www.sciencedirect.com/science/article/pii/S0142961206005801#!
https://www.sciencedirect.com/science/article/pii/S0142961206005801#!

Al

*\—‘.’\ g(\i" QL:M.:U) LY D)LQA:"\. 092 wf:«:._{ 6@&\)}[.&}}\}0 MM/)KAA}QLAJJ A.éjg.:v

29.

30.

31

32.

33.

of Biomedical Material Research Part B: Applied Biomaterial,
Vol. 102, No. 1, (2014), 108-118.
https://doi.org/10.1002/jbm.b.32987

Borhan, S., Hesaraki, S., Behnamghader, A. A., Ghasemi, E.,
"Rheological evaluations and in vitro studies of injectable
bioactive glass—polycaprolactone-sodium alginate composites"”,
Journal of Materials Science: Materials in Medicine, Vol. 27,
No. 9, (2016), 1-15. https://doi.org/10.1007/s10856-016-5745-y

Abdollahi, E., Bakhsheshi-Rad, H., "Evaluation of mechanical
properties and apatite formation of synthesized fluorapatite-
hardystonite nanocomposite scaffolds”, Advanced Ceramic
Progress, Vol. 4, No. 3-4, (2018), 8-15.
https://doi.org/10.30501/acp.2018.92930

Akbarpour, S., Karbasi, S., "Evaluation of physical and
mechanical properties of hydroxyapatite/titanium  dioxide
composite scaffold for tissue engineering applications", Journal
of Advanced Materials and Technologies (JAMT), Vol. 3, No. 3,
(1393), 17-26. https://doi.org/10.30501/jamt.2635.70268

Nezafati, N., Farokhi, M., Heydari, M., Hesaraki, S., Ahmadi
Nasab, N., "In vitro bioactivity and cytocompatablity of an
injectable  calcium  phosphate  cement/silanated  gelatin
microsphere composite bone cement”, Composites Part B:
Engineering, Vol. 175, (2019), 107146.
https://doi.org/10.1016/j.compositesh.2019.107146

Deville, S., "Freeze-casting of porous biomaterials: Structure,
properties and opportunities”, Materials, Vol. 3, No. 3, (2010),
1913-1927. https://doi.org/10.3390/ma3031913

24.

25.

26.

27.

28.

Biomaterials, Vol. 27, No. 32, (2006), 5480-5489.

https://doi.org/10.1016/j.biomaterials.2006.06.028

Kokubo, T., Kushitani, H., Sakka, S., Kitsugi, T., Yamamuro, T.,
"Solutions able to reproduce in vivo surface-structure changes in
bioactive glass-ceramic A-W", Journal of Biomedical Materials
Research, Vol. 24, No. 6, (1990), 721-734.
https://doi.org/10.1002/jbm.820240607

Tondaturo, C., Gentile, P., Saracino, S., Chiono, V., Nandagiri, V.
K., Muzio, G., Canuto, R. A., Ciardelli, G., "Comparative
analysis of gelatin scaffolds crosslinked by genipin and silane
coupling agent”, International Journal of Biological
Macromolecules, Vol. 49, No. 4, (2011), 700-706.
https://doi.org/10.1016/j.ijbiomac.2011.07.002

Nadeem, D., Kiamehr, M., Yang, X., Su, B., "Fabrication and in
vitro evaluation of a spongelike bioactive-glass/gelatin composite
scaffold for bone tissue engineering”, Materials Science and

Engineering: C, Vol. 33, No. 5, (2013), 2669-2678.
https://doi.org/10.1016/j.msec.2013.02.021
Barabadi, Z., Azami, M., Sharifi, E., Karimi, R,

Lotfibakhshaiesh, N., Roozafzoon, R., Joghataei, M. T., Ai, J.,
"Fabrication of hydrogel based nanocomposite scaffold
containing bioactive glass nanoparticles for myocardial tissue
engineering"”, Materials Science and Engineering: C, Vol. 69,
(2016), 1137-1146. https://doi.org/10.1016/j.msec.2016.08.012

Hesaraki, S., Nazarian, H., Pourbaghi-Masouleh, M., Borhan, S.,
"Comparative study of mesenchymal stem cells osteogenic
differentiation on low-temperature biomineralized nanocrystalline
carbonated hydroxyapatite and sintered hydroxyapatite”, Journal



https://doi.org/10.1016/j.biomaterials.2006.06.028
https://pubmed.ncbi.nlm.nih.gov/?term=Kushitani+H&cauthor_id=2361964
https://pubmed.ncbi.nlm.nih.gov/?term=Sakka+S&cauthor_id=2361964
https://pubmed.ncbi.nlm.nih.gov/?term=Kitsugi+T&cauthor_id=2361964
https://pubmed.ncbi.nlm.nih.gov/?term=Yamamuro+T&cauthor_id=2361964
https://doi.org/10.1002/jbm.820240607
https://pubmed.ncbi.nlm.nih.gov/?term=Chiono+V&cauthor_id=21767562
https://pubmed.ncbi.nlm.nih.gov/?term=Nandagiri+VK&cauthor_id=21767562
https://pubmed.ncbi.nlm.nih.gov/?term=Muzio+G&cauthor_id=21767562
https://pubmed.ncbi.nlm.nih.gov/?term=Canuto+RA&cauthor_id=21767562
https://pubmed.ncbi.nlm.nih.gov/?term=Ciardelli+G&cauthor_id=21767562
https://doi.org/10.1016/j.ijbiomac.2011.07.002
https://www.sciencedirect.com/science/journal/09284931
https://www.sciencedirect.com/science/journal/09284931
https://doi.org/10.1016/j.msec.2013.02.021
https://pubmed.ncbi.nlm.nih.gov/?term=Karimi+R&cauthor_id=27612811
https://pubmed.ncbi.nlm.nih.gov/?term=Lotfibakhshaiesh+N&cauthor_id=27612811
https://pubmed.ncbi.nlm.nih.gov/?term=Lotfibakhshaiesh+N&cauthor_id=27612811
https://pubmed.ncbi.nlm.nih.gov/?term=Roozafzoon+R&cauthor_id=27612811
https://pubmed.ncbi.nlm.nih.gov/?term=Joghataei+MT&cauthor_id=27612811
https://pubmed.ncbi.nlm.nih.gov/?term=Ai+J&cauthor_id=27612811
https://www.sciencedirect.com/science/journal/09284931
https://doi.org/10.1016/j.msec.2016.08.012
https://doi.org/10.1002/jbm.b.32987
https://link.springer.com/journal/10856
https://doi.org/10.1007/s10856-016-5745-y
http://www.acerp.ir/article_92930.html
http://www.acerp.ir/article_92930.html
http://www.acerp.ir/article_92930.html
https://doi.org/10.30501/acp.2018.92930
https://doi.org/10.30501/jamt.2635.70268
https://doi.org/10.1016/j.compositesb.2019.107146
https://doi.org/10.3390/ma3031913




\"Y’—if. g(\i" QLLMJL)gv O)l&«':’ L\. 5))5 4;3)..;._:” LSL&LS‘)‘)LJ)J“}A MLJWGJ

4."."5}4'..3 ‘_;Lb‘_;)jb.é}.:‘y ML-LAJ

& P
(f//l ] )Jy‘aL/.’/;

Journal Homepage: www.jamt.ir

a s Ll dlie
SUle, sl oy (ps i il b ¥ 055 SV B 4 ) el (Slweslel g, 3
S5 4 Caslio s 5 ol M/ s
T SlEdsle gala Y ) potie )Lt Lo sokoms S by LS

O (O Ol s oSl ST oSl ol g o sl Al o poinlig 5 15 0SS 03l g0 perclign 05,5 olg0 Cblim 5 S5, 450 byl pulid 57!
Ol Ol Ol g o poel ST ol e pale dols (pelige 5 8 0dSCES 0] po pmilie 03,5 bl

J//,:f/‘;v/jij ;J/jij 46/M ‘Jf}j ﬂ}lﬁ a[f.iéj/‘.": 4‘;/4&«,@ CA}:}.«I 4}/,% am‘;j’;f ‘_/v[:.\.i;/)r

TP PN SV JERUIN (O SRS S S PE wﬂjc@d;uuu};‘u (s ol 5o s IS 1allas 4z ;1
V5 e Sileeslel i e i sl 3 (Saup 4 gl s LTk sl WAV s 2
@5‘ LSJ):-’ u‘}g.wjjgfa )l A tbu\ C,w«%.,\.wu 3 aJL.C...«: ‘Ji:jﬁjfg\ 6[.&9,1}) MV'i u/..mi.:) ;\Jﬁ \TA4/2 ALY :°-"-A:C')/Lgld=~ <C,§Li)-\

- , _ o Ve /N s aad
s &l (Roughness Tester) acwes ) oSaws 5 (SEM) oy, Sy, ey Se (AFM) i
sy il /O SaYss ULy sla oy (852 Al b A3 eslina) e g o lbidcsn Hae3lslS
S0 53T 31 esliad Lo S35 Slollas A planil S #ee S s il il SSS L a6 4 WSk

Loy o

2o el LS e S5y s Y0 sl o (Sl gty Ol O 5 ol s S il J ):t
- - - I

@ d’:"‘:’j‘i L;M JJSU> LL;\'M:Q abL.C...,e uﬁ:}) @ cb.w é)l.wo:\,d\ La ‘(pU”-Oﬁ) u_é\—dﬁ J}AJ\ c{t’..: JL“ »Ljo_ld

Cooglie Slasede b iy ol 4 sddeslel &Y 55 as ol JKWLK /WY L2280 2 jlde LY 5 Fot 055 Y

Jely 5 e Sl el WA x V7Y (Say s ol JE o el oal VALYA gl S
SOl 1y (Sos 5y e Jo IS skl 55 Sl s S5 =0 /0 A

https://doi.org/10.30501/jamt.2021.244156.1117 URL: https://www.jamt.ir/article_126418.html

Original Research Article

Journal of Advanced Materials and Technologies (JAMT): Vol. 10, No. 2, (Summer 2021), 33-44

The Effect of 304 Stainless Steel Substrate Surface Preparation Method on
Coating Process of Polypyrrole/Polyaniline Conductive Polymers and Corrosion
Resistance Improvement

Niyoosha Panahi =1, M.Reza Afshar '='2", Hadi Adelkhani =3

1M. Sc. of Corrosion and Protection of Materials, Department of Materials Engineering, Faculty of Engineering, Science and Research Branch,
Islamic Azad University, Tehran, Tehran, Iran
2 Assistant Professor, Department of Materials Engineering, Faculty of Engineering, Science and Research Branch, Islamic Azad University, Tehran,
Tehran, Iran

S s sugs™
NEEATAE 0 055 o TVmEEATAL 8T 1l alse kige 03,5« owdige 5 i odSCils (ilidi R E PR sl5T ol (Ol Ol ol ) 1 gl

mafshar@srbiau.ac.ir : & el

Please cite this article as: Panahi, N., Afshar, M. R., Adelkhani, H., "The effect of 304 stainless steel substrate surface preparation method on
coating process of polypyrrole/polyaniline conductive polymers and corrosion resistance improvement”, Journal of Advanced Materials and
Technologies (JAMT), Vol. 10, No. 2, (2021), 33-44. (https://doi.org/10.30501/jamt.2021.244156.1117).

2783-0829/© 2021 The Author(s). Published by MERC.
This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/). £


https://doi.org/10.30501/jamt.2021.244156.1117
https://doi.org/10.30501/jamt.2021.244156.1117
mailto:mafshar@srbiau.ac.ir
https://doi.org/10.30501/jamt.2021.244156.1117
https://en.merc.ac.ir/
https://creativecommons.org/licenses/by/4.0/
http://www.jamt.ir/
https://doi.org/10.30501/jamt.2021.244156.1117
https://www.jamt.ir/article_126418.html
https://doi.org/10.30501/jamt.2021.244156.1117
https://orcid.org/0000-0000-0000-0000
https://orcid.org/0000-0002-8565-1771
https://orcid.org/0000-0000-0000-0000

W—ii c(\i" g_}twl;)gv a)LA..f: ¢\~ o)j: 4..".9).:..\{ 6@6))[}3})\};1 MM/O‘)KAA)JL}U‘) r.XE.A)LL}\ L‘l).,\,o.;ua

Y

3 Associate Professor, Nuclear Fuel and Materials Research School, Nuclear Science and Technology Research Institute (NSTRI), Tehran, Tehran,

Iran

Paper History:

Received: 2020-09-01

Revised in revised form: 2020-10-24
Accepted: 2021-09-07

Abstract
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In this study, the effect of substrate surface preparation on the polypyrrole/polyaniline
conductive polymers coating process and corrosion resistance in the presence of coating has been
investigated. The preparation of the 304 stainless steel substarate was done by electropolishing, manual
grinding, and sandblasting. Atomic force microscopy (AFM), scanning electron microscopy (SEM), and
roughness tester have been used to investigate the surface morphology. The coating process for
polypyrrole/polyaniline conductive polymers were carried out over a period of 900 seconds with potentiostat
technique at a voltage of +900 mV. Based on pull-off test results, the most adherent coating belonged to
manual grinded sample with 0.67 MPa tensile stress. According to the results of electrochemical impedance
test and polarization of potentiodynamics after one hour immersion in a solution of 3.5 wt % sodium chloride,
the substrate prepared by manual grinding had the highest polarization resistance of 18428 Q.cm? the least

corrosion current density of 1.76 x 107 A/cm?, and the highest potential of -0.080 V vs. SCE.
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Abstract This study was conducted to investigate the effect of adding titanium diboride (TiB,)
nanoparticles on the microstructure and tensile properties of the AI5083 matrix composite. AI5083/TiB,
metal matrix composites (with 5 and 10 wt % reinforcement) along with zirconium (Zr) and cerium oxide
(Ce0,) additives with different wt % were fabricated by in situ-stir casting at 1000 °C. The samples were then
subjected to hot extrusion for uniform distribution of reinforcements in the matrix. TiB, nanoparticles were
in-situ processed in molten aluminum using the precursors such as cryolite (NazAlFs), titanium oxide (TiOy),
and potassium tetrafluoroborate (KBF,4). The microstructure, surfaces, and failure mechanism of the samples
were investigated using X-ray diffraction (XRD), optical microscopy (OM), and scanning electron
microscopy (SEM). Tensile test results showed that the addition of 10 wt % TiB, particles increased the
ultimate tensile strength by 17.7 % and decreased the strain by 19.2 % compared to the sample without
reinforcement. Besides, the addition of Zr and CeO, increased the strength by 35.8 % and the strain of the
sample containing 78 % by 10 % reinforcement compared to the sample without reinforcement due to the
removal of intermetallic compound Al;Ti and the incompatibility between coefficients of thermal expansion
(CTE) with the matrix. Also, post-extrusion annealing in the sample with 10 wt % TiB, reduced the tensile

strength.
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weaken the impact of the buffer traps on electrical transport properties of two-dimensional electron gas
(2-DEG), AIN spacer layer is embedded in the heterostructure. The proposed structure enhances ION/IOFF
ratio up to 4.88 x 107 times compared to the AlGaN/GaN High Electron Mobility Field-Effect Transistor
(HEMT) counterpart, 8.20 x 108 times compared to the Metal-Oxide-Semiconductor Field-Effect Transistor
(MOSFET) counterpart, and 9.05 x 10* times compared to the Si Field-Effect Diode (FED) counterpart, at a
supply voltage of VDD = 1.8 V. This superiority of the proposed device is referred to the formation of a
strong electric field of 800 kV/cm in 2-DEG and the precipitation of electron sheet carriers in the channel.

Accordingly, the proposed device can be utilized in high-speed and low-power digital applications.
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gap decreased. The electrical current of samples was increased with increasing of films thickness, gamma

dose and also after annealing.
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studied by employing Field Emission Scanning Electron Microscopy, Optical Microscopy, EDS line scan and
pin on disk wear test, before and after the high energy shot peening process. The results show decreasing the
surface roughness from 14 to 4.5 micron and improving the micro-hardness of coated layer from 450 to 540
HVN due to High Energy Shot Peening process on the Electro-Spark Deposition coated layers. On the other
hand, the wear properties of the coating are improved, the number of defects such as porosities is reduced,

and micro-cracks and defects in melts are healed due to compressive residual stress and severe wax

deformation.
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