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Development of a Kinetic Model for Predicting the Dissolution Behavior of Activated
Molybdenite by Mechanical Activation

H. Shalchian H. Nasiri A. Babakhani M. Torabi Parizi

Abstract

In this research, leaching kinetic of activated molybdenite was studied. Mechanical activation of molybdenite
concentrate was carried out at different conditions of milling and presence of alumina. Leaching experiments were
performed in nitric acid media. The classic shrinking core model was modified, in order to study the leaching
kinetic of activated molybdenite. The model was developed step by step. Finally, a comprehensive model was
obtained which contains the effect of important parameters on the leaching rate of activated molybdenite. The
calculated values of activation energy revealed that the activated molybdenite without additive is more reactive
with the minimum of 20% and 56% reduction in activation energy value after 4 and 24 hours of milling,
respectively. The minimum of 3% and 6% reduction in activation energy value was obtained for the activated
molybdenite in presence of alumina after 2 and 12 hours of milling, respectively.

Key Words: Molybdenite, Mechanical Activation, Leaching, Kinetic, Modeling.
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Influence of the solution heat treatment on the behavior of y' precipitates and
microhardness of dendrite core and inter-dendritic regions of cast superalloy GTD-111.

S. Jaffarpoor A.R. Mashreghi M. Mosallaee poor M. Kalantar

Abstract

In this research, the process of dissolution of y' precipitates in GTD-111 casting superalloy was investigated. For
this purpose, the dissolution operation was carried out at a temperature of 1100°C to 1230°C in 4 different times
on samples prepared from the ingot with the aim of determining the effect of temperature and time on the behavior
of the dissolution of the y' precipitates in the dendrite core and inter-dendritic regions. The microstructure of the
samples was studied using the SEM and FESEM electron microscopes. Quantitative studies of microscopic images
showed that complete dissolution of the initial y' precipitates occurred at 1230°C/40min for dendrite core regions
and 1180°C/120min in the inter-dendritic regions. Investigating the micro-hardness of samples in the dendrite
core and inter-dendritic regions of the specimens showed that the microhardness in these regions does not change
with increasing temperature. Also the highest and lowest hardness was obtained at 1200 °C and 1120 °C' in both
regions respectively.

Key Words Superalloy Ni-base GTD-111, Solution Temperature, ¥’ Precipitate, Microhardness.
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Spark Plasma Sintering of ZrB,-Based Ceramic Reinforced with SiC Particles and Whiskers

M. Shahedi Asl Z. Ahmadi

Abstract

Effects of silicon carbide as the reinforcement on densification and mechanical properties of zirconium diboride-
based ultra-high temperature composites were studied. A monolithic ZrB;, ceramic (as the baseline) and three
ZrB,-based composites reinforced with 25 vol% SiC in different morphologies (particulate, whisker and
particulate/whisker mixture) were fabricated by spark plasma sintering route. The sintering process was
conducted at 1900 °C for 7 min under 40 MPa. A relative density of ~96% was obtained for the ZrB, ceramic but
the other composites approached their theoretical densities. The hardness and fracture toughness values of SiC
reinforced samples were higher than those for the monolithic one. The simultaneous addition of SiC
particulates/whiskers showed a synergistic effect on the enhancement of mechanical performance of composite.

Key Words: Zirconium diboride, Silicon carbide, Morphology, Densification, Mechanical properties.
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Investigation on the Compressive Behavior of Steel Foams Manufactured by
Powder Metallurgy Route

H. Sazegaran A.M. Naserian-Nik M.R. Akbari A. Akbar-Nejad Fogh

Abstract

Metallic foams and cellular metals are a type of new-advanced engineering materials which can be successfully
used in various industrial applications due to their unique behavior and properties. In this work, steel foams were
produced through powder metallurgy route using urea granules as a space holder, and porosity percentage,
microstructure, and compressive behavior of them were investigated. In addition, the compressive behavior of
manufactured foams was simulated using finite element method by the Gurson-Tvergaard-Needleman model and
the effects of operational parameters in this model were investigated due to better prediction of mechanical
behavior of steel foams. The results indicated that the average of porosity in the steel foam is 79.3 percent, which
consists of cells formed by the dissolution of urea granules and remained pores between the sintered iron particles.
Stress vs. strain curves of the manufactured steel foams showed the conventional behavior of metal foams, with
elastic deformation region and a relatively longitudinal plateau region and, a fracture point, finally. Mesh sizes,
fn, g1 and g2 have the significant effect on stress vs. strain curves, but g1 and fn have the most and the least effects,
respectively.

Key Words Steel foam, Compressional behavior, Gurson—Tvergaard—Needleman model, Saw-tooth plateau,
Simulation parameter.
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Sensitivity Analysis of Heat Treatment Parameters on Cylinder-head Aluminum Alloy
Properties by Regression Method

M. Jafar Sharifi M. Azadi M. Azadi

Abstract

In this article, by the regression analysis, suitable patterns for the hardness and the microstructure of the cylinder-
head aluminum alloy have been presented. Objective functions were the hardness, the phase size and the spherical
degree and variables were selected as the temperature and the time for the solution and ageing, in experiments.
Results showed that the highest hardness (164 VHN) obtained when the sample was heated at 510°C for 300
minutes; then, aged for 360 minutes at 175°C. The optimal heat treatment was determined to achieve the smallest
value of the phase area, as well as a higher amount of spherical phases. Results of the regression analysis
demonstrated that the ageing time was more effective than the temperature in hardness variations, and the solution
temperature was more important than the ageing temperature.

Key Words Aluminum Alloy, Sensitivity Analysis, Heat Treatment, Microstructure, Hardness.
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Bioactivity Comparison of Silk Fibroin/Nano-Titanium Dioxide and Silk Fibroin/Nano-Titanium
Dioxide Containing Flour lons for Bone Tissue Engineering

N. Johari H. R. Madaah Hosseini A. Samadikuchaksaraei

Abstract

Bone defects and developed surgery with low injuries have conducted researches to design and produce
composites containing biodegradable polymer and bioactive ceramic, introducing as a biocompatible scaffold for
bone tissue engineering. In the present study, bioactive nanocomposite scaffolds of silk fibroin/titanium dioxide
nanoparticles (SF/TiO2) and silk fibroin/titanium dioxide nanoparticles which contain flour ions (SF/TiO-F) were
prepared. Accordingly, flour ions were bound to TiO, nanoparticles and both SF/TiO, and SF/TiO,-F scaffolds
were produced. Then, the bioactivity and apatite formation on the surface of prepared scaffolds were evaluated
by immersing in simulated body fluid (SBF) for 28 days. As a resultant, SF/TiO»-F scaffolds showed improved
bioactivity in comparison with SF/TiO ones, as such, after 12 days of immersion in SBF, apatite precipitations
covered around 40 % of surface of prepared scaffolds.

Key Words: Bioactive scaffold, Fibroin, Titanium dioxide nanoparticles, Flour ion

3l e QYN 0T 50 oyl 5 QAT dlie il s b ™
Email: johari_narges@yahoo.com SOLIS g 5 b oaSCiSls ool ge pwilige 0 S bsliul o stas s 55 (V)
O s b s oK 0lgs e 5 wdige sdSEls edecan pae (V)

Ol S pake ol o S e dSLEls adecia sae (7)
DOI: 10.22067/ma.v32i1.80791


mailto:johari_narges@yahoo.com

e D3 8l s 9 ged oSl (SlaCc )l b L5, degléo

va

SLOs spam S Canl ol Cob 5 LIS e Ol g |
S e Ol 5 Olls 3L s VS& A= s F1
[2,5,7] <o

sl b Sl o 2
Al el S sl B lecas oS5 (TiO2)
8] syls pskee oLsSLas ol (Jlbcas;
@l (nl ot ladlpaal ol Cloa rmen
Koo gl Cals B3k B3be Olpew O S OS5
[9] ws 8 s Glbl il 5l Ol (6,8 s
SIS Sl ol GUlS eadal syl esdle
Slr Sosrs slassSt 5l (il mhw (55, Ol il
Jas S 6,8 IS 10] el i s K
Ao Ddiay (23 5 Ol il o podies S 2
[11] ol o B 5 5055 5 oo

D5l s sla ey OBl e 550 o o
et 31 Ol sl Uy gl 3 Lol oy llanst Y sans
S el jsmls cla ol sy s Sl 0 B
Ll Jedo oy gls sl s b ool en
L s oS 5 slml Sl W5 oo il S5 s
b Sl ey s eleY (SO 5 (S ol
NN A P PO [ AU A
ol el G S e Jsle 205 O 2l
S ey 5 [12] Wl i s e lu s
ol Ctl v sl med 5 OIS Sl anb
S OBl | el o eslial C3L pwdigs
355 5l ot s pdylanil LIS Sl g Ll
Cow | b (5 0y ) O b [13] was o 0L
S |25 350 o oslinal 55 (>l 5 3lesls o5 &S
Slaas syl ol il 4 Sosp calld g5, Jslo
23 s Slosle Ol gioas ol ol s 5 084S Wilesls OLLS
s i e 3 5 gl | L e g
Lo slaaiie s Johe Shaenr UK ol
[14] 515 wlo

dedle

L fl.u\ OsLsl,I51 Olusl coodls Cer < Jlwe 5l
Sle 6l L ol O oS sl Oy ) i il
O 3 i (D ane &8 0l Olys sl 55l e Lk 4
e g o] Joe 1 800 2 L e 55
0ol b dlge 3l &S egas sajlle 510 A8
ol Kan Wty ol 35 e eolizd (lodd il
s boussdoe L a8 Js sl slen Ol e
Sl Oddion ) uy 5 Lig oo )3 st dha Sl 55050
S5 G (Bl ki 5,55 55 53 0055l .l ol o
Sdsbe g 5wl pdin S 5 SRl
Lol s J S bossd el iSOl g5, » ke il
Can)ls S5 o adsl S3L O Sl s s (Sl
S by s s oS Sl s st e S

[1] 555 0 u P8 ol i 3L
Sl s ot it Ll s ol ul &S sl
D3 e o LSS el S0 Sl S g ol
oSl sl Gl Y Ol el ol peigs
35 G L oals Ol Sl [2] 558 b Sdae/ JI
3l A Sl ey L a5 5l 45 (6351 5e
ool e arlwdlbons s ai s iy S
e cpl ileslt OLES 5 51 Hlasl s 5y b
ol b o5 pa 5 DS G e sl Wsa
Sl sa 48 Wl esls Oz oliiss [3]
SISy ey 05 02 Dl S 5
T g O R R
3 s Ser sl el bl 53 (5l 5L
Lpey o D3 sl sleslan ol pegdle [4] 3535 e
e Ol S 1 55 15 e 5 o
Sl sh sl Jold (558 S0 Ol gl |5 sl
S IBAT Cal OIS (6 s Bias 55 ST S 5
Na® 0o ol Ol sl Sl e 53 (Ko (55
W Og cpl sl &S XLl 55 F 5 COs* Mg* K*

dw&xup\j}j)m)féjl_.@];uF-leOf

”‘qq ‘u\/f a)u ‘/Aj)JL;..« JL..:

e s sy lle eige &l



\a%

eSS et Ao~ o e (S oo —5 2 S

53 0N 2y s o b (S oS )
Sl 3 g se by ST 8 S B e Ol A S
el Aol s ol jsba G Gls S (g 5o
s sLid 3 edile 3L Jloee i o s Tsdome 5 s
[15] 555 Ll Cyus s

SEUT slesanSlss S350 o cday Ao 3
Jsloes b zesilFe B Yo 53 55101 L G seul sl 25,5
O b (S, o8 ,0) Sousli s Lol ez Ao )oY
Al el 555l

SIS G S SSE Slae )l
Sl 5l dsl es S s Las astle 6y SY s
3 opse 05,5 5 5 (SFITiIOy) il SRS
oF s boeddl ble SlaSles ol
O3 sl ) sl onl gl s eslizad (SF/TIO,-F)
AL o]y e LY ST A et s eiliianS|s
O gl g S 5 A3 LN s b I plows &1 s
Cstln (6l ¢ s b A b g 31 IL T
S Sy 3 ol Ol g 0d 53 slacan s
CiS Sy Sl s, (@)m—l‘*{w OS5 Jphe
bow s cole Gl glalpal B Olgea i
38 sl am s =AY gles s LB Lo esland
@lozsil (SKLF 53l Dledy e 5 e
Sl s de o ol U ius S (o)l o538
Aol s s dag ol 5o Il LB edslcwss
w-helix bl sbol Jdsa s b 85 5 (Jlasaal
Dbl SLob sl das o aws Sl 59 sk Jlla
oA ol L (S e 28 ,8) Jsilke Sl g
Dok e Jalse jo cell) Sdeas Canssls S eslan
Jple b A o3l s s 05 03 Ol L LY e . Lbs
W3 OAESEH sl algs 258 ol laes |

Ll esls S8 golassl (SSUES js L) e

Sl polp dnlis GOl e Sl s

LeuSles Sly3 6l /opm g b 508 SL slacas s
On ol wolidnSles DS 5l g md 5 oSS
Pl bk Gk Olpea b ol 8
Gl ot gl gl s ot ol 5 e 6l Sl
S wlsdnsles D35t g el dnSIes AU L
Olyoas U 55 oo o snlS clilodd Sl Jale 553508 05 b
S5 5L 558 2l Ol Sl pwdige 1 sl
b b 5 2l Sl ol wlisaasSiss
sladshe Jlie s Ll s o OGS 5 51 s
Os oS Jp Ll le 85l Sl
Ol gzl iy s 5 5 GOl 25 ol 550
2ol b sbas o s g apd e e diy S8l 5
Bl 53 edd gy Syl 355 o0 ST el
Esr Sl Gl 4 e Ol gl S wdige )3
Loangle 5o Jdcan 1, s 5 Olanl A,

Db b5l Oy slaan )l

Sl gy g 3lse
(i) o) oo Bl 12l o2 2l s b B S
ol S ¥ o o SUL pls 550 (sl 358
il Sl S e 5l Gl da) o0 S s
baly e b b Lol 02 5 5L (OS0!
CS ) el S Jslee md deVor s el
O s L3 S 13 0L N gar /0¥ (VLS
53 gl LY Ol b slia 5 oo sdaliass,
S lae il d g3 b Sy 2SO e e S
SUL Ol s sl msd A Gl s
sle 53 (555 Lops)t Conds oy pl 808 51550000
Sdaas (3:¥ 1 5l sekls 5 S 8) diles et SN a0
sles L Jo 51,8 Sl 45300 sles s el

5l AlS s CellWVY Cleas o ed 5 S Lle

Sse s i le lige

IT“Y‘YM@ a_;/.o...ifj)j‘;wg,/ﬁw



YA

.MJ& QL;».: b CM‘ bJﬁ LAWJ‘J

e SF- 15T ¥

0 5 10 15 20 28 o
Immersion time (days)

S5eS 5U sl ls (g5l SBF Jgowe pH o i V3
SF/TiO2-F 4 SF/TiO2

Iesil b 5y Ol 43 SBF J ks pH o5
by Shl53 ST ISl Olpoe (B85 300 (S il
A ST Il |5 053 o oS 55 PH ldis S e
€ ges S5 aS Sl 52,05 SBF Jgle pH (g5, oL
Sldis (AS o g 5 Sl SBF Uslms 53 0l 5ab 48
VS s pH ool s [17] b e 5l 531 J glee pH
03 oy s e Ll Ty Tl W, YA de o
el 03 8 gy ST el oy e

e IS Gl p Bl Sl ST s Y S
sl ool ol SBF s Jgows 5 4 i
590N &de 53 SFITIO-F 5 SFITIO, 5568 45U
s e 0L (g ab 52

03 b g oS Glal sy Sl a5 550 e e dalia
SosabsE STA Sde s 45T s 6l SBF J gl
Do 53 ath s (555458 5 03 5 Ly falS
S ol s Sl pamine Chle gl sle 0l SBF
e 3 elS Glal gy chle Al il 03y jind
ol BAEG e e skt e 5> SBF o
2 SlidandS LS S pm el Sl s s
Sladlr 5 035 ) wddysab gaaised mho

SFITIO, oy yls Jdcan s 5, oLl sl
Joles 5 a&ilesl Lal,s s SFTIO-F
ol gy eslizad (SBF) 0Ll 0 sl 6 sluinns
[16] LG 5 5SS eddall iy, 5| SBF Jlous
53 LG ploms 51 gy Sy 3 5 eslind
O 3 oddygab e Cosls 5 SBF Jghoes S 22 foa
Agdp SIS Sl e S slacstl
oz Sl SBF Jsls 55 0ddgab so s s
2 SIS S5 Glassll s 5 Ol
Jolomn 53 ol (5554 s sl slaDle3 53 O e
bl CEM) Lioss Ss 8l osSus Soe b eddnl
LA
e b Jbcan; S, oLl sl
chle ol s eddastle Jboan; 1558 50
L oled 5 o8 SBF Jsbws 5o ed 5 oS a0
Lol Sl day oy @35 3 eldag ol
Sy 035 Sl G 5 sk il
T2 Sy sl s b e 5l el sabpe
CBLE S ies A (5 ,Se 5\l (ICP-OES) Ul
255 O polat o iU SBE Jslee 55 55356 05
3 Sosib st il Sladle) 1 day (O g oS
A oz Jgloe 1oy gab g2 S )ls 03 Sl
oSws b LLSG 50Y o oa SBF Jgdows pH ol i

Al S eIl pH e

oy ml

g Gl A Ll S i s S sboles
SRt ol o kilaSles St
ol SFITIOFF 5 SFITIO; 3508 U slacms 15
Oludl O es(gsluans Jsloee 55 55,TA Cdads Lol
Lyl i 53 sks ol S, Sl ks s sab 46 (SBF)
ARPH 5318 (Sl e )3V les s Ok (S5l 58

i b Vi L

”‘qq “,Q a)w ‘,AJQJL;M/ (JL—:

Sy s &ij—IL‘:‘ g 4:')"":"



va

eSS oo o e b L ba —(5 a0 oS

s " SFAST
l SFAMT )

o - — s
? " n i
Taimersion thme (ppm)

Sl (5l SBF Jloms 3 hd 0 e S i ¥ S
SFITIOF 5 SFITIO; 5 4uslS 5L

Sacals o a8 IS8 LT (5550585

500 5l e SFITIOZF 5 SFITIOz s selS sit
AN G S b SBE Jgle 53 (94 g8
S9N Sy Son pslai £ IS A ) s
sl sy mslhe 4 b )
5> Susabss 55,Y) 5l s |, SFITIO-F 5 SF/TIO;

@ S S aaigad o S35 2 350VA S e e
G0 0353 s b ol glaslsr g Ol 4 .ol
[18] &, o IS5 SBF Jgloes 53 35 50 4ans odS
39 )\ BEY d}.i@ o.l.lé\ﬂ E) Y Jg_l B Sjjbum Lol
5l S SFITIO-F s yls 53 ad vm,\s clle Y
G LT Y S, 5l i (el SFITIO, ol
k;vw-g‘)‘h LJJ*‘ 9 &L.w‘ OJJS g_)jw) SF/T'OZ'F Qm.f)‘b 6})

B

CNrasT

It,J'- l 1 LR R )

2 B
-

Ca Conc entration  ppen)
g & 2 3
-
-
=]

.
s

7 " N
Tmmersion tme (days)

|

3l SBF Uslowe 3 0ondS 0 clile ol i ¥ S
SFITIOF 5 SFITIO; 5502l $b (slacos sl

SBF lone 13 (5554b 58 5550) 3l s SFTIOZF (&) 5 SFITIO, (Cll) islaciomsls sy s S oSy S sba £ S

J{}‘ S LS'JAJJJL:‘ sekige 4:’/“‘:"

!T“?‘? ‘gg/ UL«JTJU‘;‘JL«



Lo21] 5,8 S el mhae p olaldldS
SBF Jsls 5355 50 jied 5 0redS Sla0 5 0SS 0
o e S S sla0 s b 5 S e iy T o
Glie (oS5 5 LS oo A dign o8 LS 5 e
SFITiOz (slaces s 53 Lol [22] 5,5 o IS Ol sz
35S 0y Ti-OH o5 5 5 opdle 4yl Lo F
e b agls sy S )ls D3 e (655 50 5555
e lS Glal s 5 358 bl mhw (6) N A
LS o gy S s w55 (S A
S5 SSE paib g pme LT 0 IS
i L SFITIO, o fs mlaw s 438 5 S <53 (EDS)
sdalie das o 0L SBF J e 53 osabse 55,Y)
Csls (S Bl su, S sdes 5w &S 55l
1/08 i 4 oS o b s 5 S | SFITIO,
Sed a4 eeelS Sl 4 S5 S s eSS
G IS edasilis 5 VW s cll S
[23] <l (CDHA) dseS ool oo
Sl ol sdaline - J.<_,.> Sladss s wlie 585850
Sla i Sl ol a8 Wlesls OLAS S Olallas [24]
e ol Cald g el S oSt

3503 3475 C3Ll S 5 0n S oS Sl S 0

SFITIO2F Cos s 45 355 oo odalie JS& cpl 5o
s PL Cals Sl Sy G558 On sl
gl s el 55l Oy 05k &S ol SEITIO,
IS4 55,7 Sl da SEITIOF 5 5008 56 ol
Lol cCoel 0 0l g0 ST (655 S5 L g 55 5553
30 Osk 4 SFITIOz 5508 56 Gl oo (53,
bl O3 51 eS8 Hlas slaad 55,7 5w el 55518
Dby 53 g s gy s sl 4B 3 IS
SFITiO, e ls L aslio L3 SF/TIOF s s jie
Cla_“;),ﬁCa2+ Cder blad 4y ol al o) 58
S A Dbl Gl el el i el
28 o JSE s
Sl phe s THOH  (slaes S 5y
Olgeas SFIMIOz cails 5o 25750 iliddnSlss
LS o Jos csll Sidler Gl a0
055 sya= Jdsa SFITIOz coyls _ombane LU [16,19]
ol S By [20] el e O o s, Ti-OH
ssabss SBE Jglee 5o e bae JL L b
Ca* a0y ;gﬂclu G5 3590 TIFOH o5 5 353 0
LS o o Ll Sde 5L ST 1 SBE Jgloe 55 54 5
4 diee 5 Cade Sy (b L a8 55l e Zsl

oS 5 algns 5353 PO e glal g b 0adS 5

[25]
| o——
Ble 21 Serss (wt %
Onvgen Keres 3552
Pogphous Kenes 1598
Qigus Kares 4110

|

- Ca

Ty Q P

£ |

= :

14

0 2

Eaergy (hoV) *

o

SBF Jlons 53 5554k 58 55,Y) Sl SFITIO2 s las a8 S JSC5 )3 (EDS) (6551 SS& mwihs (5 pzie 3JIUT 0 IS

1744 ‘& o)w"ﬂj)j‘fwdlw

Sy s &jj_}]&‘ g "i/-:-’



A\

eSS Slas Ao e ke oo~ S

s
(FTIR) 558 ook U g s b i V IS
).} LSJ)‘\L)'; )))Y\ )‘ = b SF/T'OZ'F gM)‘J U'~’~\
s 1y TS s ke slans S (55 IS

S5 S8 kb e G S

ot 1 SFITIONF s yls (555 48k yey o1y3 (EDX)
IS gl das e OLES SBF Jsle )3 (55 54b 56 55,7
eSO | i S sl sla Sy
ST L acslis 5o 5l ol 5 V18 IGT ol 55 i o
4 SFITiO2 c)ls 55 SSE i e
5S35 (/W) ST S 55 53 Jid 4y oS s

Elempat laces (=1 %)
Orere Ksennes 3712
Phophom: Ksenes 1747
Calcnm Ksennes 3716
Geld Misses $22

] .

= Cs Au

> o P

8

-

-

Enecrgy (ke\)

Jsbs 53 5558b 58 59,YY I SFITIOZF o ls rlawr 2 43 S IS5 213 (EDS) (63531 SIS il (5 e LT 1 IS0

Ol Oy s g slnas

Tramamittance (aw)

«N-H* CH

Amide 1

2200 1600 1000 400

Wavessmber (cm'!)

33 o585 55T S g () 5 Sosab s 5l 3 () SFITIONF 25 500lS 56 Sl (FTIR) a9 Bk L ¢ s b omincich VS
SBF J 4l

Spe s Syl pbige &l

1r44 ‘gg/ :Jw‘fJJJ‘;wJLM



e D3 8l e 9 ged oSl (Sla )l S L5, 4 lio

AY

oSSl Jshoms 55 553518 05 (Sl il AS s
Sl > SlideandS Juls 355 3525 L Ol O
S, S ad edslie Sbolas aul ol
O Ssl wolddenSlss D3 U/ (g b b
Sl g md o ls boaslis s 505l
DlhdendS gy 4S5y 5ba (sl il wilASI 6o
e SIss SU3 S s b Slails mlaw
354> SBF 3 (gy5ab 58 55,7 Sl 550 05 sl

& S 4o
DL SF/T'OZ'F jSF/T'OZ 6[.&;",..«4)\) ‘)L’Jg.,.w.l) )LT.‘%)
A g 330TA 03 5 DLl Oy el (g 3lwaned J sl
L;LACA.M{‘)\: L;kxﬁ@..mi) )L".é) S LS sdalis Azl D
Soseb 58 Oles SRl L 5556 05 (ol wiliddnSliss
Oemma L 1581 LSl O s dld (g sluacs J ks o

Sls Gl |y e ls cb.w Loy Cisb Tomead s elsdlsles Dlisl

ey

Hench, L., Jones, J., "Biomaterials, artificial organs and tissue engineering". Woodhead Publishing Limited
and CRC Press LLC, New York, pp. 48-58, (2005).
Isa, Z. M., Schneider, G. B., Zaharias, R., Seabold, D., Stanford, C. M., "Effects of fluoride-modified titanium
surfaces on osteoblast proliferation and gene expression™, International Journal of Oral & Maxillofacial
Implants, Vol. 21(2), pp. 203-211, (2006).
Krause, D., Thomas, B., Leinenbach, C., Eifler, D., Minay, E. J., Boccaccini, A. R., "The electrophoretic
deposition of Bioglass® particles on stainless steel and Nitinol substrates”, Surface and Coatings Technology,
Vol. 200 (16), pp. 4835-4845, (2006).
Yang, Y., Zhao, Y., Tang, G., Li, H., Yuan, X., Fan, Y., "In vitro degradation of porous poly (I-lactide-co-
glycolide)/B-tricalcium phosphate (PLGA/B-TCP) scaffolds under dynamic and static conditions”, Polymer
Degradation and Stability, Vol. 93 (10), pp. 1838-1845, (2008).
Baron, R. D. D. S., "Anatomy and ultrastructure of bone", Primer on the metabolic bone diseases and
disorders of mineral metabolism 4, pp. 3-10, (1999).

OVYAN) 1 laps LI ¢ el slacy 5 5palS 51U 5 5l (5 5 5l8 Ha Ay ealie™ ¢ (563 s sian 7
Lamolle, S. F., Monjo, M., Rubert, M., Haugen, H. J., Lyngstadaas, S. P., Ellingsen, J. E., "The effect of
hydrofluoric acid treatment of titanium surface on nanostructural and chemical changes and the growth of
MC3T3-E1 cells", Biomaterials, VVol. 30 (5), pp. 736-742, (2009).
Manso, M., Langlet, M., Fernandez, M., Vazquez, L., Martinez-Duart, J. M., "Surface and interface analysis
of hydroxyapatite/TiO 2 biocompatible structures", Materials Science and Engineering, Vol. 23 (3), pp. 451-
454, (2003).
Fostad, G., Hafell, B., Farde, A., Dittmann, R., Sabetrasekh, R., Will, J., Ellingsen, J. E., Lyngstadaas, S. P.,

Haugen, H. J., "Loadable TiO, scaffolds—a correlation study between processing parameters, micro CT

)T"H ‘“’\/i a)w‘fj»ijL.«

e s sy lle eige &l



AY

eSS et Ao~ o e (S oo —5 2 S

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

analysis and mechanical strength”, Journal of the European Ceramic Society, Vol. 29 (13), pp. 2773-2781
(2009).

Barrere, F., Mahmood, T. A., De Groot, K., Van Blitterswijk, C. A., "Advanced biomaterials for skeletal tissue
regeneration: Instructive and smart functions”, Materials Science and Engineering, R: Reports, Vol. 59 (1),
pp. 38-71, (2008).

Sul, Y. T., Kang, B. S., Johansson, C., Um, H. S., Park, C. J., Albrektsson, T., "The roles of surface chemistry
and topography in the strength and rate of osseointegration of titanium implants in bone", Journal of
biomedical materials research Part A, VVol. 89 (4), pp. 942-950, (2009).

Schmidt, C. E., Baier, J. M., "Acellular vascular tissues: natural biomaterials for tissue repair and tissue
engineering”, Biomaterials, Vol. 21 (22), pp. 2215-2231, (2000).

Seliktar, D., Black, R. A., Vito, R. P., Nerem, R. M., "Dynamic mechanical conditioning of collagen-gel blood
vessel constructs induces remodeling in vitro”, Annals of biomedical engineering, Vol. 28 (4), pp. 351-362,
(2000).

Yan, S., Zhang, Q., Wang, J., Liu, Y., Lu, S., Li, M., Kaplan, D. L., "Silk fibroin/chondroitin sulfate/hyaluronic
acid ternary scaffolds for dermal tissue reconstruction™, Acta biomaterialia, VVol. 9 (6), pp. 6771-6782, (2013).
Rockwood, D. N., Preda, R. C., Yicel, T., Wang, X., Lovett, M. L., Kaplan, D. L., "Materials fabrication from
Bombyx mori silk fibroin®, Nature protocols, Vol. 6 (10), pp. 1612-1631, (2011).

Kokubo, T., Takadama, H., "How useful is SBF in predicting in vivo bone bioactivity?", Biomaterials, Vol.
27 (15), pp. 2907-2915, (2006).

Fathi, M. H., Hanifi, A., Mortazavi, V., "Preparation and bioactivity evaluation of bone-like hydroxyapatite
nanopowder", Journal of materials processing technology, Vol. 202 (1), pp. 536-542, (2008).

Kokubo, T., Kim, H. M., Kawashita, M., "Novel bioactive materials with different mechanical properties",
Biomaterials, VVol. 24 (13), pp. 2161-2175, (2003).

Zhang, P., Zhang, Z., Li, W., Zhu, M., "Effect of Ti-OH groups on microstructure and bioactivity of TiO 2
coating prepared by micro-arc oxidation", Applied Surface Science, Vol. 268, pp. 381-386. (2013).

Kasuga, T., Kondo, H., Nogami, M., "Apatite formation on TiO 2 in simulated body fluid", Journal of Crystal
Growth, Vol. 235 (1), pp. 235-240, (2002).

Xie, Y., Liu, X., Chu, P. K., Ding, C., "Nucleation and growth of calcium—phosphate on Ca-implanted titanium
surface", Surface science, Vol. 600 (3), pp. 651-656, (2006).

Kim, H. M., Himeno, T., Kokubo, T., Nakamura, T., "Process and kinetics of bonelike apatite formation on
sintered hydroxyapatite in a simulated body fluid", Biomaterials, Vol. 26 (21), pp. 4366-4373, (2005).

Diba, M., Kharaziha, M, Fathi, M. H., Gholipourmalekabadi, M., Samadikuchaksaraei, A., "Preparation and
characterization of polycaprolactone/forsterite nanocomposite porous scaffolds designed for bone tissue

regeneration"”, Composites Science and Technology, Vol. 72 (6), pp. 716-723, (2012).

J[}‘de)jjkﬂfw j:’j"":" lr‘f‘f‘& a_)/.o...j Afj)j‘;»d JL.«



e D3 8l s 9 ged oSl (SlaCc )l b L5, degléo AL

24. Sergey, V. D., "Self-setting calcium orthophosphate formulations: cements, concretes, pastes and putties",
International Journal of Materials and Chemistry, Vol. 1 (1), pp. 1-48, (2011).

25. Hong, C., Noboru, K., "A biodegradable porous composite scaffold of PGA/B-TCP for bone tissue
engineering”, Bone, Vol. 46 (2), pp. 386-395, (2010).

1r44 ‘u\/f a)[«w&‘/{;)JL;wJLA J&Aj&jjjfbw.l.{.a 4‘:'/.,...:./



’rqq‘ugylm.«“fij‘;wd[w J/jﬁj(fjjj/&‘w""‘(""@}”:’

FOT 63999580 (ow) st 9 (w09 AN 595y I ks 9 o/ g gl g by (ST St 3900l oL

Tl a5 O s PRI
oS>

il o S 2SIl plite s el 0l LS 7 58S g g0 S oz s A= Ol 25— g e S (SLE Sl T
Lals pal cilis (slocan i b Olo 325 5 S s b (slad sloms 5 ¢ fom e lio P 3 BT Soypom 0 Ol 528 350 5 ST ot A
SIs 50 il s 3 5 Ol s St [ioms SV i o ) Oles 587 5 S fotr g o Losloio Slomn 5 O3 s b Sslons s L
Ol 5 5 i o b ST i sy SOl 5 o 1550 OIS 5 3l s SEM s ey g5 ol SEM 3T L2
0 Ol 325 o T b 3eolS” Gl & & 5 it s SEM s gl 5 syl b e | bS] Ol 425 gl yolis o> o 5 3,10 3 4ms
b g Jaloes 4edis 7 e .Gl Sl 35 Do o 2ty (3l S o0 5 (Ssls8 9003 1530 S Ve bl  SH s s
Sples 1555 1 Joo b SUI (55558 50 45 000 L SEM sz pizmas 210 Jslows ol oz 5,850 S s o (S 7635050 0 ol
oo 5 SUI G| oS5 o w0 oo b (s T 0 (s Ao 0T I S Slacblé o 5 o | i s ploes o) &S5 CLLE 4 O gdl s L

L]

B X 0 -V YR PR P P PN - e 3 T

Fabrication of Polysulfone/Chitosan/Polyvinyl Alcohol Composite by Electrospinning Method
and Investigation of Its Morphology

S. Rezaei Soulegani M. Rasouli Z. Sherafat

Abstract

In the present study, a polysulfone-chitosan-polyvinyl alcohol membrane was prepared through electrospinning.
For this purpose, each of the polysulfone, polyvinyl alcohol and chitosan powders were dissolved in a suitable
solvent. The polyvinyl alcohol and chitosan solutions were then mixed in different proportions. Subsequently, two
separate syringes were used to simultaneously electrospin polysulfone and polyvinyl alcohol/chitosan solutions
two . The morphology of the prepared membrane was evaluated using SEM micrographs. From the SEM images,
it was clear that the chitosan-polyvinyl alcohol solution can only be electrospun at low chitosan content. Higher
chitosan concentrations do not lead to proper fiber formation. The optimum sample with uniform fibers and
adaptable chitosan content was obtained when the chitosan to polyvinyl alcohol ratio was fixed at 30:70. It was
found that the feed rate has a significant impact on the morphology of the membrane. Moreover, it was concluded
that for a uniform and beadless morphology of polysulfone fibers, a minimum concentration of the initial solution
is required. According to the fibers morphology, the threshold concentration of polysulfone was 20 wt%.,

Key Words Electrospinning, Polysulfone, Chitosan, Polyvinyl alcohol, Membrane.
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The effect of gas nitriding process on the corrosion behavior of TiOz coating formed by plasma electrolytic
oxidation

H. Bakhtiari-Zamani E. Saebnoori S.A. Hassanzadeh-Tabrizi F. Salahshouri

Abstract

This study aimed to investigate the corrosion behavior of TiO2>-N duplex coating formed by Plasma Electrolytic
Oxidation (PEO) and gas nitriding. A TiO2 film formed on the titanium substrate by PEO in electrolyte containing
sodium carbonate and sodium hydroxide in the first step. In the second coating process, the titanium substrate and the
titanium oxide coated substrate was nitrided in a tube furnace at 1000 °C for 6 hours to compare the corrosion properties
of the obtained coatings. X-ray diffraction, scanning electron microscopy of top-surface and cross-sectional structure
of the layers, and potentiodynamic polarization along with electrochemical impedance spectroscopy was used to
investigate the properties of the coatings. The XRD results showed that the titanium oxide coating consisted of a rutile
phase, and the nitrified samples consisted of titanium nitride and TiO0.34N0.74 phases. The morphology of the coatings
showed that the titanium oxide sample coating had micropores known as the pancake structure with a diameter of 4.1
microns on the surface. Also, the surface morphology of nitrided oxide-coated titanium indicates a slight change in the
surface and a reduction in pore diameter of 2.8 microns due to the penetration of nitrogen in the titanium oxide coating.
Finally, the results of impedance and polarization showed that the titanium oxide sample, due to its insulating and dense
oxide structure, prevented the transfer of more corrosive ions to the metal surface, and its resistance was improved up
to 10 times compared to other samples.

Keywords Plasma electrolytic oxidation, Gas nitration, Titanium oxide, Titanium nitride, Pancake structure,
Corrosion behavior.
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Investigation of the Effect of Chemical and Mechanical Parameters on the Electroplated Zinc
Coating on Steel Substrate of st12

S. Alaei B. Shayegh Boroujeny E. Akbari Kharaji

Abstract

This study aimed to investigate the corrosion behavior of zinc nano-crystalline coating on st12 steel substrate by
surface mechanical attrition treatment (SMAT) and electroplating process into chloride bath with and without of
gelatin. To study the behavior of coatings, they were characterized by using X-ray diffraction, field emission
scanning electron microscopy, EDS, potentiodynamic polarization and EIS tests in 3.5 wt. % NaCl solution. The
results showed that SMAT process reduced the size of the crystallites and the presence of gelatin caused the
induced orientation of Zn deposition so that the grain size in the presence of gelatin and SMAT reached from 55
to 29 nm and the rate of its corrosion reached from 80.8 to 20.1 pA.cm™.

Key Words Zinc electroplating, Surface mechanical attrition treatment (SMAT), Corrosion resistance.
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The Effect of Different Amounts of ZnO on Structural Properties of Aluminosilicate Glasses

Z. Kahrobaie S. Azghandirad J. Naiemabadi M. tavakolian abkari

S. Mollazadeh Beidokhti M. Mazinani

Abstarct

The effect of different amounts of ZnO on structural properties of SiO,-Al,O3-P,0s-CaF;-Ca0-K;0-Na,0-xZnO
glasses was studied. The effect of ZnO addition on glass transition and crystallization temperatures were studied
by DTA. FTIR and RAMAN were used to study the characteristic bands of prepared glasses. All samples were heat
treated at two different temperatures of 750 and 1100°C. XRD analysis showed that anorthite and
calciumphosphate were the main crystalline phases. Based on DTA and XRD results, samples with higher amounts
of ZnO were crystallized at higher temperatures. No significant band changes were detected as a result of ZnO
addition as spectroscopic results showed. Vickers microhardness numbers showed that ZnO addition up to 2gr
lead to a significant (p<0.05) improvement in microhardness values.

Key Words: Glass-ceramic; Zinc Oxid; Heat-treatment; Micro-hardness.
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Dissimilar Joining of Metal/Polymer Using Friction Stir Spot Welding Method

M. Mahmoudi B. Beidokhti S. Sahebian Saghi

Abstract

In the joining of aluminum and polyethylene sheets with friction stir spot welding method, various factors affect
the strength of joints. In this study, the effect of surface conditions and the dwell time of tool have been investigated.
The results indicated the increased shear tension load with the prolonged dwell time due to the higher frictional
heating, more molten polyethylene formation and an increased adhesion area. The use of mandrill that created
more scratches with smaller dimensions was more effective to increase the strength. The highest shear tension
load of joints was 785 N. Macroscopic and microscopic studies revealed that the mechanical interlocking and
adhesion of molten polyethylene on the aluminum surface were the main joining mechanisms.

Key Words Friction stir welding, Aluminum, Polyethylene, Joining.
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increase the strength. The highest shear load of jointswas
785N.

4. Conclusions

The high therma conductivity of aluminum led to the
surface melting of polymer; however, the aluminum sheet
was the hotter part during welding. The tool plunging
created a knob on the lower surface of the Al sheet. The
results indicated the increased tensile shear fracture load
with the increased dwell time due to the higher frictiona
heating on FSSW. Macroscopic and microscopic studies
revealed that the mechanical interlocking and adhesion of
molten polyethylene on the aluminum surface were the
main joining mechanisms.
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1. Introduction

Although mechanical bonding and adhesives are used to
join dissimilar polymer/metal connections, these methods
have some weaknesses. M echanica bonding causes stress
concentration in the structure and increases the weight.
Adhesives needs long bonding times and proper surface
cleaning. Recently, welding methods including friction
stir spot welding (FSSW) have been developed for these
purposes. In the joining of aluminum and polyethylene
sheets with friction stir spot welding method, various
factorsaffect the strength of joints. In thisstudy, the effect
of surface conditions and the dwell time of tool have been
investigated.

2. Experimental procedures

AA1120 aluminum alloy and high density polyethylene
(HDPE) sheets with the thickness of 2 mm were used as
the base materials. FSSW was done on specimens using
specimens with various surface treatments. The surface
treatment was done by three different mandrels. The tool
rotational speed and the plunge depth were fixed at 2500
rpm and 3.2 mm. Thetemperature gradient was measured
using type K thermocouples.

The shear tensile strength of samples was measured.
The strain rate for the shear-tensile test was 0.5 mm/min.
The optical and scanning electron microscopy techniques
were applied for more characterization of welds. The
Olympus BX60M optical microscope (OM) and a LEO
1450V P scanning electron microscope (SEM) were used
for microstructural studies.

3. Resultsand discussion

Themajor problem during dissimilar joining of aluminum
and HDPE was the large difference between thermal
expansion coefficients which could cause the failure of
joints. Also, the high thermal conductivity of auminum
led to the surface melting of polymer; however, the
auminum part was the hotter side during welding.
According to Fig. 1, the wetting area on the aluminum
surface was developed with the increased dwell time.

Furthermore, the temperature gradients of different
regions during welding are shown in Fig. 2.

®le

—_—
10 mm

Figure. 1. The increased wetting surface with the dwell time
from theright to the left.

Temp. (C)

Time (=)

Figure. 2. The temperature gradients.

On melting of polymer, the tool plunging created a
knob on the lower surface of the metal sheet. The
mechanism of joining was wetting of the metal surface by
the molten polymer and mechanical interlocking. The
increased dwell time promoted the tensile shear strength
of joints. The tensile shear load values are presented in
Fig. 3.

Shear tensile *1"
load &) ™™

500
400 785
300
465
00 H 374 B 26e B
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i

5s 10 s 15 s

Dwell time:

Figure. 3. The tensile shear fracture loads.

The results indicated the increased shear strength with
the prolonged dwell time due to the higher frictiona
heating, more molten polyethylene and adhesion
enhancement. The use of mandrill that created more
scratches with smaller dimensions was more effective to
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Table 4. The Vickers microhardness values for al glass
samples in this investigation

Sample 0%2Zn0 | 1%ZnO | 2%Zn0O | 3%ZnO
Average 677 770 816 793
Microhardness

4. Conclusion

Results reveal that increasing ZnO up to 1.8 wt. % in the
glass system shows a transformation in DTA extracted
peaks. The Apatite and Anorthite crystalization
temperature were increased from 750°C to 785°C and
form 825°C to 875°C respectively, which can be
contributed to a more condense glass system. Hence, a
better mechanical property was expected. Vickers micro
hardness of glass particles varied from 677 to 816 Hv
which could be arepresentative for the better mechanical
properties.
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1. Introduction

The demands for aesthetics have put the dentists under the
pressure to use new tooth-colored dental materials with a
more natural look. New restorative dental materials are
bioactive and biocompatible exhibiting abiological effect
in addition to their main function in restoring decayed or
fractured teeth. Aluminosilicate glasses, as a new
generation of the dental restorative materials, have
acceptable toughness and strength. Zinc oxide is known
to be helpful in culturing bone tissue and is also vital to
correct functioning of immune system. Addition of Zinc
oxide to aluminosilicate glasses can result in decreasing
their glass transition temperature, Tg. Limited number of
studies have been conducted regarding the effect of the
variation in the content of zinc oxide on the
microstructures of the aluminosilicate glasses. In this
investigation, the variation of zinc oxide content has been
examined on the physical properties of an aluminosilicate

glassy system.

2. Materialsand methods

The glass samples were prepared from reagent grade
powders, i.e.,, aumina, quartz, calcium fluoride, mono
ammonium phosphate, calcium carbonate, zinc oxide,
potassium carbonate, and sodium carbonate. The weighed
samples were melted in an electrically heated furnace in
aumina crucibles with a heating cycle consisting of
heating from room temperature (20 °C) to 1450 °C with
the heating rate of 10 °C/min and holding for another 2
hours a 1450°C. The glass samples were labeled
according to their approximate ZnO content. Differential
thermal analysis (DTA) was conducted for al the glass
samples using NETZSCH Geratebau test machine with
the heating rate of 10 °C/minin order to eval uate the effect
of ZnO content on the structure of frits produced in the

process and to determine the glass transition temperature
(Tg) and crystallization temperature (T¢). Characterization
of the crystdline phases was done using X-Ray
Diffraction (XRD) anaysis by means of X' Pert PW
3040/60, Philips, and the analysis software of X'pert
Highscore plus.

3. Result and discussion

The results of DTA analysis of four glass samples are
shown in Figure 1. The first peak in all four DTA curves
represents the Ty temperature for each test sample. The
second and third peaks show the first and second critical
temperatures, i.e, Ta and T, correspond to the
crystalization of Apatite and Anorthite phases,
respectively, according to the XRD patterns obtained for
these samples. It is assumed that the sharpest temperature
peak a lower temperatures represents a better
crystallization behavior in a glass system. As can be
observed in Figure 1, both the critical temperatures T
and T, have increased with increasing the ZnO content
up to 1.8 wt.% in the system, i.e., the crystallization
behavior has become less significant suggesting that glass
viscosity is higher and mechanical properties are
improved. The results in Table 4 show that the sample
with no ZnO (0%Zn0O-g) has the lowest hardness value
(677 Vickers) and the hardnessincreases with the addition
of ZnO to the sample up to 1.8wt.% (i.e., the maximum
hardness is obtained in 2%ZnO-g sample with the
hardness value of 816 Vickers) and hardness decreases
when a greater amount of ZnO (2.6wt.%) is added to the
sample (i.e., 3%Zn0-g sample with the hardness value of
793 Vickers).

Tcl Tec2
3%ZNn0O-g -\T;z/\/\_\
[
Tc2
Tel
2%Zn0O-g Te
[——
Tc2
Tcl
1%Zn0O-
% -4 Tg
Tc2
0%6Zn0O-g
e Tg Tcl
200 400 600 800 1000

Temperature (C)

Figure 1. Theresults of DTA analysis for four glass samples
investigated.
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Table 2. crystallites size and micro-strain of samples.

—n—5

Micro-strain crystallite size (nm) Sample . ‘;:MAT
1x10 55 S 104 —— GSMAT
3x10° 43 GS

15x10° 40 SSMAT a]
5x10° 29 G-SMAT

Potential (V vs Ag/AgCl)

Figure 3 illustrates FESEM images of the surface
morphology of the coatings. According to the EDS
results, only zinc element has been identified in all
coatings except for S sample coating that in addition to
zinc, iron, and oxygen have been characterized.

-1.64

Log i[.-\.rm':}

Figure. 5. Polarization curves of samplesin 3.5%NaCl.

Table 3. Electrochemical data extracted from
potentiodynamic polarization curves.

Rp ECOI’I’ ICOI’I’
(ohm.cm®) V) (UA.cm?) Samples
197.8 -1.2 80.8 S
232.8 -11 74.5 GS
233.2 -1.1 60.6 SSMAT
828.1 -1.1 20.1 GSMAT
. - "'ﬁ__:“" -,_. - Ry Ra o 5
SN il s GS
Figure 3. FESEM imagesof: (a) S, (b) GS, (c) SSMAT 350 i 4 SSMAT
and (d) GSMAT samples. = * Ef.\l.—\T

Figure 4 shows the cross-section of coatings and their
thicknesses (S:23.41um, GS:30.31 um, SSMAT: 22.85
pm, GSMAT: 29.17 pum). The results of the micro-
hardness test shows GSMAT sample has the highest
microhardness among other coatings (98.9 Vickers).

=& {oh m.tmz)

4SEM cross-i on mages f: ( S, (b) GS, )
SSMAT and (d) GSMAT samples.

Figure.

Figure 5 shows the polarization curves and table 3 lists
polarization data.

Figure 6 and table 4 show EIS plots and achieved fit
data, respectively.

20.1 pA.cm2,

] 100 200 300 400 500 600 700
FA (uhm‘rmz)

Figure 6. EIS curves of samplesin 3.5%NaCl.
Table 4. Fitting results of the EIS datain Fig. 6.
Porosity Cal Rt

(%) n (x10°F) | (ohm.cm?) Sample

60.3 0.83 12.4 1.25 S

41.2 0.96 20.0 369.9 GS

27.2 0.98 219 561.5 SSMAT

20.8 1 22.0 7325 GSMAT
e i S mypter 4- Conclusion

The results showed that SMAT process reduced the size
of the crystallites and the presence of gelatin caused the
induced orientation of Zn deposition so that the grain size
in the presence of gelatin and SMAT reached from 55 to
29 nm and the rate of its corrosion reached from 80.8 to
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1- Introduction

Zinc coated steels (Zn) and its aloys are widdly used in
industries. Approximately 50% of the zinc production in
the world is utilized for the coating of steel sheets. The
corrosion rate of zinc in most atmospheres is at least ten
times lower than steel. Zinc coatings improve surface
paintability and increase corrosion resistance. Thus, the
use of these coatings to prevent corrosion of steel is the
most widely applied. Electrochemical deposition is a
relatively simple and low-cost method that is widely used
for exerting metal coatings. Surface mechanical attrition
treatment (SMAT) is a new and effective method to
produce a nanocrystalline layer on the metals surface.
Finer grain size can aso be used to create a nano-
crystalline layer on the surfaces. In this study, using
inexpensve  methods such as SMAT and
electrodeposition, a nano-crystalline layer was formed on
the substrate to improve the corrosion resistance of the
steel surface.

2- Experimental

St12 steel sheet with athickness of 2 mm with dimensions
of 10x10 mm was used as a substrate for zinc coating
deposition. The substrates were annealed at 600 °C for two
hours and after cooling, the SMAT was performed for 30
minutes. The vibration frequency of thedevicewas50 Hz.
Steel balls with a diameter of 3 mm were used for this
purpose. Samples were prepared by sanding from the
mesh number of 200 to 800. Two chloride baths (chemical
compositionsarelistedin Table 1) were used. Gelatin was
utilized as an effective additive in reducing the size of
coated grains. The coating time was 5 minutes and the pH
of the solution determined at 5.

Table 1: Chemical composition of electrolytes (g 1-%)

Gelatin H3BOs NH4CI ZnCl2 Bath
- 20 170 60 1
0.5 20 170 60 2

The samples named S, GS, SSMAT and GSMAT as
coated st12 substrate without gelatin, coated st12
substrate with gelatin, and SMATed samples with and
without gelatin, respectively. A three electrodes cell was
applied for all electrochemical tests in 25 °C; Stee
samples were used as working electrodes, Ag/AgCl
electrode as a reference electrode, and platinum with

dimensions as the counter electrode. To study the
behavior of coatings, they were characterized by using X-
ray diffraction, field emission scanning electron
microscopy, EDS, potentiodynamic polarization and EIS
testsin 3.5 wt.% NaCl solution. For further investigation
the voltammetry test was performed on the samples.

3- Result and discussion

Figure 1 shows voltagrams in the range of -1.5to 0.5 V
compared to the reference Electrode Ag/AgCl in the Zn
coating bath for bare sample and SMATed substrate
with/without gelatin.

Zn-5

Zn-GS
Zn-SSMAT
Zn-GSMAT

-2

Current density (A.cm )

0.04

0.02

000

-0.02

-0.04

006

-1.5 -1.0 0.5 0.0 0s
Potential (V vs. Ag/AgCl)

Figure 1. cyclic voltammograms of coated S, GS, SSMAT
and GSMAT samples.

According to the results, for the S sample, the cathode
current of Zn started from the approximate potential of -
1.1V. By adding gelatin to the solution (GS sample), the
Zn reduction potential becomes more negative (-1.17).
For the SSMAT sample, the potentia of Zn reduction was
closed to more positive values (-1.08). For the GSMAT
sample, Zn reduction potential is close to the potential of
the initial sample (S sample). Figure 2 shows the XRD
patterns of samples. Table 2 shows the calculated values
of the crystalite size of coatings using the Williamson-
Hall method.

Gs
- SSMAT
GSMAT
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Figure 2. XRD patterns of coated S, GS, SSMAT and
GSMAT samples.
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Figure 2. SEM images: (a) TiO2 coated by PEO method, (b) TiN coated by gas nitriding, and (c) TiO2 coated nitrified (duplex)
samples by PEO method and gas nitriding

Figure 3. Cross-sectional images of coated specimens: (a) TiOz, (b) TiN and (c¢) TiO2-N

Figure 3 shows the cross-sectional images of the coated
samples TiO,, TiN, and TiO»-N. As can be seen, after gas
nitriding of TiO; coating, PEO, the filling of pores and
cross-section porosity are observable, which indicates the
penetration of nitrogen in the titanium oxide coating.

According to the corrosion results, the coated samples
show a higher corrosion resistance compared to non-
coated samples. Besides, both dense inner and outer
porous coatings have much lower capacitance, indicating
higher corrosion resistance of PEO and duplex coated
specimens. In general, for TiO, and TiO»-N samples, it
can be said that due to the corrosive solution's easy
penetration into the cavities of the outer layer, this layer
has not shown much effect in electrochemical impedance
spectroscopy. Therefore, this layer has no role in
corrosion resistance. It, therefore, makes sense to accept
the inner layer of the coating as a barrier against corrosion
attacks. This layer creates a physical barrier against the
corrosive solution and increases the corrosion resistance.

4- Conclusion

During the gas nitriding process on the surface of titanium
and titanium oxide, nitrogen diffused into the surface of
the samples and caused the formation of TiN, TiO,-N, and
Ti00.34N0.74 phases. The morphology of the TiN and
TiO2-N samples showed that the structure of the TiN
sample has a dense appearance with holes in the surface,
while the structure of the TiO,-N sample is similar to the
TiO, sample, except that the existing cavities are
spherical. The corrosion behavior of TiO,, TiN, and TiO»-
N coated samples showed that the highest corrosion
resistance is related to the TiO, sample due to the coating's
insulation as a result of less probable electron transfer and
electrical charge exchange.
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1. Introduction
Titanium has excellent corrosion resistance in acidic,
alkaline, and organic environments. Different methods
have been proposed for titanium coating, referred to as
plasma spraying, anodic oxidation, sol-gel, and vapor
deposition. Plasma electrolytic oxidation (PEO) is a
relatively new method; Coatings applied by PEO have a
two-layer structure consisting of an insulation layer and a
porous layer. Coatings applied with this method have
good adhesion to the substrate, which increases its
performance. In general, the PEO is based on the anodic
polarization in an aqueous electrolyte under plasma
discharge conditions on an anode surface. Today,
nitriding is used as an essential process in the industry.
Nitriding was first used in industrially in 1920. Surface
nitriding increases wear resistance, fatigue strength,
surface hardness, and corrosion resistance. If the nitriding
temperature exceeds 600L], the rate of nitrogen
incorporation into the titanium oxide increases, and the
oxygen content of the system decreases to the point where
the non-stoichiometric TiONy becomes a stoichiometric
and stable TiN.

This study aimed to investigate the effect of the gas
nitriding process on the corrosion behavior of titanium
oxide coating formed by plasma electrolytic oxidation.

2- Materialsand methods

The test samples in this study were selected from a grade
2 mm commercially pure titanium sheet with dimensions
of 13x13 mm. The coating process was carried out in the
first stage by PEO in electrolytes containing 0.2 M sodium
carbonate with 5 g/l sodium hydroxide to form titanium
oxide. Supplementary coating operation in the second
stage was performed by gas nitriding in a tube furnace
with N> gas (99.99%) flow at a temperature of 1000 °C
and a nitrogen pressure of 1.5 bar for 6 hours.

3. Results and Discussion

Figure 1 shows the X-ray diffraction patterns after PEO
and gas nitriding processes in comparison with each other
and the substrate metal. The X-ray diffraction pattern of
the TiO, sample is related to the sample coated by the
PEO, which contains rutile crystalline titanium oxide with
a tetragonal structure. The XRD pattern of the TiN sample
is related to the formation of a nitride layer in the flow of
nitrogen gas on the surface of the titanium at high
temperatures causing nitrogen to be adsorbed on the
surface and diffused into the titanium; It consists of a
composite layer on the metal surface consisting mainly of
titanium nitrides with a cubic structure such as TiN and
TizN, followed by a diffusion zone consisting of a solid
solution in the Ti-HCP a phase. In the TiO2-N, in addition
to the mentioned phases 6-TiN, &-Ti;N, the phase of
Ti0034No.74 with monoclinic structure along with rutile
TiO; is also observed. The presence of TiOg 34Ny 74 phase
is due to the presence of nitrogen in the structure of TiO»,
which causes the amount of oxygen in the titanium oxide
to decrease, increasing the penetration and formation of
the mentioned phase and formation a non-stoichiometric
composition.

Figure 2 shows a scanning electron microscope image
of the surface of samples coated by PEO and gas nitriding.
TiO; structure (2-a) consists of grains of different sizes
and micro-cavities on these grains (pancake structure).
The TiN (2-b) sample shows a dense appearance where
the nitrified layer is entirely formed on the surface. The
TiO,-N morphology (2-c) is similar to the TiO; structure
except that spherical particles have formed next to the
existing cavities called cauliflower structure.
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Figure 1. XRD pattern of uncoated and coated
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Figure 3. SEM images of PSU-CS/PVA composite samples with different weight ratios.

4-Conclusions fabrication of a fibrocomposite membrane made of
A direct relationship between chitosan content and PSU-PVA/CS Fiber.

uniformity of blend PVA/CS fibers was observed in

this study. CS/PVA sample with 30:70 mass ratio

showed a uniform morphology with maximum

chitosan content. This composition was utilized for
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1-Introduction

Electrospinning is a versatile route for preparation of high
porous polymeric membranes. Polysulfone (PSU) is a
thermoplastic polymer with unique properties which is
mostly used in filtration applications. However, the
intrinsic  hydrophobicity of this polymer makes
polysulfone membranes more susceptible to be fouled.
One approach to alter wettability of PSU membrane is
fabrication of an electrospun fibrous composite mat made
of polysulfone fibers and a distinct fibrous polymer with
inherent hydrophilicity such as chitosan (CS). Since
chitosan is not easily electrospinnanble, it was blended
with  polyvinyl alcohol (PVA) to enhance its
electrospinnability. The aim of the current research is to
fabricate a fibrous composite mat consisting of
polysulfone-chitosan/polyvinyl alcohol fibers with
uniform morphology.

2-Experimental procedure

For preparation of a fibrous composite mat, PSU solution
and CS/PVA blend solution were fed into two distinct
syringes and were electrospun simultaneously under co-
electrospinning condition. In the first stage, in order to
obtain a beadles polysulfone mat with minimum fiber
diameter, PSU in dimethyl formamide solutions with three
different concentrations (i.e., 15, 20, 25 wt.%) were
electrospun at fixed voltage, feed rate, and distance of 15
kV, 1.5 ml/h and 15 cm respectively. In the second stage,
PVA and CS
proportions. The resultant blend solutions were electropun
under fixed voltage of 15 kV and feeding rate of 0.5 ml/h
to determine optimum concentration for fabrication of
CS/PVA fibers. The optimum CS/PVA concentration was
further used to prepare PSU-CS/PVA fibrous composite
mat via co-electrospinning. Morphology of the resultant

solutions were mixed in different

composite mat made of CS/PVA with six mass ratios
(0:100, 20:80, 30:70, 40:60, 50:50 and 60:40 wt%) was
examined by SEM. Finally, according to the optimum
concentration for electrospinning of CS/PVA solution,
fibrocomposite membrane made of PSU-CS/PVA was
fabricated with three mass ratios (i.e., 90:10, 80:20 and
70:30) under co-electrospinning process.

3-Results and discussion
SEM observations revealed that PSU electrospun from
solution with 15wt% concentration, had bead-on-string
structure, while PSU mat electrospun from 20wt%
concentration possess beadless thin fibers with average
fiber diameter of 0.954 pum. As the concentration
increased to 25 wt.%, uniform thicker fibers with average
fiber diameter of 1.592 um formed (Figurel). Since
thinner fibers are more favorable for membrane
applications, PSU with 20 wt.% concentration was
selected for preparation of fibro composite mats. From the
SEM images, higher chitosan concentrations did not lead
to a proper fiber formation. The composite sample made
of chitosan/polyvinyl alcohol blend fibers with 30:70 mass
ratio, showed uniform beadless morphology with
maximum chitosan content and minimum fiber diameter
(Figure2). Therefore, CS/PVA sample with 30:70 mass
ratio was considered as optimum sample for further
examinations. CS/PVA  solution with optimum
concentration were electrospun at three levels of feed rate
(0.5, 0.9 and 1.5 ml/h). It was observed that as the feed
rate exceeds 0.9 ml/h, bead like defects arise. Therefore,
0.9 ml/h was considered as maximum possible feeding
rate for electrospinning of CS/PVA blend fibers.
According to the optimum concentration for
electrospinning of CS/PVA fiber which was 30:70 mass
ratio, fibrocomposite membrane made of PSU-CS/PVA
was fabricated with three mass ratios (i.e., 90:10, 80:20
and 70:30) under co-electrospinning process. For this
purpose, PSU solution (20 wt% concentration) and
CS/PVA solution (30:70 mass ratio) were fed into two
syringes separately and then placed in two adverse sides
of the collector. Next, CS/PVA blend solution was
electrospun with appropriate feed rate discussed above
(0.9 ml/h), while feeding rate of PSU solution varied from
0.8 to 3.2 ml/h to fabricate various fibrocomposite PSU-
CS/PVA mats with three different mass ratios. According
to the SEM observations for three fibrocomposite
samples, thicker fibers represent PSU fibers while, thinner
fibers in the composite are CS/PVA blend fibers.
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Figure 1 SEM images of a) SF/N-TiO2-F and b) SE/N-TiO2
nanocomposites immersed in SBF for 28 days.

Fig. 2 and 3 show the changes of calcium ions and
phosphorous ions of SBF solution which SF/N-TiO, and

SF/N-TiO,-F nanocomposite scaffolds were immersed in.
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Figure 2.The changes of Ca concentration of SBF which SF/N-
TiO2-F and SF/N-TiO2 nanocomposites immersed in.
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Figure 3. The changes of P concentration of SBF which SF/N-
TiO2-F and SF/N-TiO2 nanocomposites immersed in.
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The decrease of Ca and P concentrations reveals that

these ions have been consumed and changed into apatite
and deposit on the surface of the prepared scaffolds.
Fig. 4 shows the EDS spectrum of white sphere-like
particles precipitated on the surface of SF/N-TiO,-F
nanocomposites which reveal the presence of Ca and P
ions in white sphere-like particles.

Element Series (wi.%) (aL %s)
Oxygen K series 37,18 60,24
Phosphorus K series 17.47 14.63
Calcium K serics 37.16 24.08
Gold M series 822 1.08
[Cal Au
P

Intensity (a.av)

e ——

S TR ' - i
9 Energy (keV)

Figure 4. EDS spectrum of SF/N-TiO2-F nanocomposites.

Bioactivity evaluation showed that these white sphere-
like particles are bonelike apatite. The presence of flour
ions in SF/N-TiO,-F nanocomposite enhanced the
bioactivity of SF.
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Engineering
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1- Introduction

One of the most important human health issues is the
defecting of an organ or tissue. The tissue engineering
scaffold provides a means for the delivery of cells and/or
growth factors to the site of damage and an appropriate
template for new tissue formation throughout the
construct. Its function is different from traditional bone
fillers, in that the goal of tissue engineering is to entirely
replace the implanted scaffold with new bone tissue.
While for bone fillers, integration with existing bone and
equivalent mechanical strength are fundamental design
criteria, the tissue engineering scaffold should ideally
possess a three-dimensional structure that endures only as
long as necessary for replacement after new bone growth.
A scaffold for bone tissue engineering should thus
approximate the mechanical function of the callus in
natural bone repair, providing a dynamically durable—
degradable three-dimensional structure, which over time
can be replaced by cell-derived tissue function. Also, bone
is a heterogeneous composite material with constituents
including hydroxyapatite mineral (Ca;o(PO4)s(OH),), a
mixed organic component (type I collagen, lipids and
non-collagenous proteins) and water. During scaffold
manufacture it would therefore seem logical to include a
combination of materials to create a composite scaffold,
potentially allowing greater scaffold bioactivity and
structural biomimicry to be achieved. Scaffold bioactivity
is also increased by incorporating materials that possess
the ability to interact with or bind to living tissues.
Increased scaffold bioactivity can in turn improve bone
cell ingrowth, stable anchoring of scaffolds to host bone
tissue, stimulation of immature host cells to develop into
osteogenic cells, and increase vascularization.

In current study, two groups of nanocomposite scaffolds
have been prepared with silk fibroin/titanium dioxide
nanoparticles (SF/N-TiO;) and silk fibroin/fluoridated
titanium dioxide nanoparticles (SF/N-TiO,-F) and their
bioactivity have been evaluated by immersing in
simulated body fluid (SBF) up to 28 days.

2- Experimental study

Silk fibroin (SF) was extracted from Bombyx mori silk
cocoons (Iran Silkworm Research Center, Guilan, Iran).
Accordingly, silk cocoons were boiled in 0.02 M sodium
carbonate solution for 1 h to remove sericin. Then, they
were absolutely rinsed with consecutive immersion in
cold and hot distilled water to complete degumming
treatment. Degummed silk fibers were dried overnight at
room temperature and dissolved in 9.3 M lithium bromide
solution at 50-60 °C for 4 h. Afterward, the solution was
dialyzed for 3 days using deionized water. To prepare the
SF/TiO;, solution, the SF solution was added to the
dispersed TiO, in DI water. The obtained mixture was
frozen at —20 °C for 4 h and at —80 °C for 12 h; eventually
the frozen mixtures were freeze-dried overnight. The
prepared SF/N-TiO, nanocomposite scaffolds were
immersed in methanol for 1 h to treat the structure of SF.
To prepare the SF/N-TiO,-F nanocomposite scaffolds,
Ti0; nanoparticles were incubated in 2.0 vol% HF for 120
s. Thereafter, N-TiO,-F nanoparticles were uniformly
dispersed in deionized water. The SF/N-TiO,-F
nanocomposite scaffolds were prepared similar to the
SF/Ti02 nanocomposite scaffolds.

The phase structure of SF/N-TiO, and SF/N-TiO,-F
nanocomposite was analyzed using a STEO-D 64295
diffractometer (XRD, STEO, Germany) at 40 kV and 40
mA. The functional groups of SF/N-TiO, and SF/N-TiO»-
F nanocomposite were studied using a Fourier Transform
Infrared Spectroscopy (FTIR, MB series, ABB Bornem,
Canada) in an IR spectrum range within the range of 400—
4000 cm!.

In vitro bioactivity of SF/N-TiO, and SF/N-TiO,-F
nanocomposite was evaluated by immersing the
composite in SBF with pH of 7.4 at 37 °C. The standard
SBF solution was prepared according to Kokubo’s
protocol. The apatite formation on the surface of SF/N-
TiO; and SF/N-TiO,-F nanocomposite was observed by
SEM and analyzed using an energy-dispersive X-ray
spectroscopy (EDX) device (TESCAN, Czech Republic)
and X-ray diffractometer.

3- Conclusion

In this study, silk fibroin (SF) was extracted from Bombyx
mori cocoons and SF/N-TiO, and SF/N-TiO.-F
nanocomposites were synthesized. The effects of SF,
TiO; nanopowders and flour ions on bioactivity of SF/N-
TiO; and SF/N-TiO,-F  nanocomposites  were
investigated. It was found that after immersing the
composite in SBF, some agglomerates of white sphere-
like particles were formed on the surface of SF/N-TiO,
and SF/N-TiO»-F nanocomposites (Fig. 1).
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microstructure of the aluminum alloy (Al-Si-Cu) of the
engine cylinder-heads, has been studied.

Obtained results of the sensitivity analysis and
empirical measurements indicated that the effect of the
ageing process on the increase in the hardness value was
much greater than the dissolution process. Regression
functions, which were obtained by the statistical analysis,
implied high accuracy in predicting the hardness value of
such a material.
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1. Introduction

The cylinder-head is one of most important components
of an automotive engine that is subjected to various
mechanical and thermal loading conditions. Therefore,
improving the mechanical properties, as well as
investigating the effect of the temperature on the
mechanical properties and the microstructure have always
been a topic of the interest for researchers.

In this article, by the regression analysis, suitable
patterns for the hardness and the microstructure of the
cylinder-head aluminum alloy have been presented.
Objective functions were the hardness, the phase size of
Si, Al-Cu, and their spherical degree. Furthermore, the
temperature and the time of the solution and ageing, were
selected as variables of the experiments.

2. Materials and Experiments

Standard specimens were prepared by the stir-casting
method. To enhance the quality of samples, degassing and
preheating were performed. The casting temperature was
745°C. Dissolution temperatures were selected based on
the literature, from 490 to 510°C and the ageing
temperature was considered from 175 to 250°C, in order
to investigate the effect of ageing on the hardness and the
microstructure.

For the microscopic examination, specimens were
firstly grinded to 2000 grit and polished with the alumina
powder, with 0.3 um particles. The Keller solution was
used to etch samples. In addition, an image analysis
software (Image J) was utilized to evaluate microscopic
images. To study the influence of the heat treatment on
the hardness, specimens were subjected to the Vickers
hardness test. The applied force was 30 kg.

The statistical analysis was done using the MINITAB
software. After the sensitivity analysis and using
regression analysis, a function was fitted based on

variables, considering P1, P2,... to estimate the hardness

(H).

3. Results

The optimal heat treatment was determined to achieve the
smallest value of the phase area, as well as the higher
amount of the spherical phases. Results showed that the
highest hardness (164 VHN) obtained, when the sample
was heated at 510°C for 300 minutes; and then, aged for
360 minutes at 175°C. It has been reported that the longer
time of the dissolution heat treatment, the greater the
solubility of the precipitates, such as intermetallic phases
in the aluminum matrix. In addition, the temperature was
more effective than the time of the dissolution process.
Microstructural studies also implied that the sample that
dissolved at 500°C for 300 minutes and aged at 200°C for
120 minutes had the highest spherical degree factor (as
shown in Figure 1).

Figure 1. The optical microscopy image of a specimen, heated
at 500°C for 300 minutes and aged at 200 °C for 120 minutes

The lowest hardness value was measured for the
sample that was dissolved at 500°C and then, aged at
250°C due to the increase in the area of the Al-Cu phase.
Finally, the optimum heat treatment was achieved
according to the smallest phase area, as well as more
spherical degree of phases.

4- Conclusions

In this research, the effect of the heat treatment i.e., the
dissolution temperature, the dissolution time, the ageing
temperature and the ageing time on the hardness and the
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Effects of mesh size. The effects of the mesh size on the
experimentad and simulated compressive stress-strain
curves are shown in Fig. 2. The elastic deformation is
linearly observed at the beginning of the curves. The
linear sections of the simulated curves are exactly the
same and arevery dightly different from the experimental
curve. Therefore, the simulation results in the elastic
region are very close to the experimental results, and the
mesh size has alittle effect in these conditions.

Stress (MPa)
g ¥ 2

Figure. 2. Effects of mesh size on compressive stress-strain
curves at f~=0.004, q1=1.25, and 2=1.75.

Effects of fn [Fig. 3 shows the results obtained from the
change in f, values on the simulated compressive stress-
strain curves. It is seen that the simulated stress-strain
curves in the elastic and plastic regions are entirely
coincident with each other, and the change in f, value has
little effect on the stress-strain curves.

Stress (Mi's)

¥ 1 [

. mll: (*a)
Figure. 3. Effects of fn on compressive stress-strain curves for
L=0.003, q1=1.25, and g2=1.75.

Effectsof qi. The effects of g, on the compressive stress-
strain curves are shown in Fig. 4. It can be observed that
unlikefn, g; has a strong effect on the compressive stress-
strain curves. Increasing the value of . reduces the
number of simulated points and the curved shapeis out of
the saw-tooth. At g1=1/25, first the linear elastic region
and then the saw-tooth plateau region is observed. At
h=1.5 and g;=1.75, the number of teeth in the plateau
region decreases and at ;= 2, no teeth are observed.

Effectsof gz. The effects of g, on the compressive stress-
strain curves are shown in Fig. 5. As it can be seen, the
behavior of the simulated stress-strain curvesisvery close
to each other. In all curves, after the elastic region, the
long saw-tooth plateau region is formed.

Stress (MPa)

Figure. 4. Effects of g1 on compressive stress-strain curves for
L=0.003, fn=0.004, and 2=1.75.

Stress (MPa)

) Mm: *e)
Figure. 5. Effects of ou on compressive stress-strain curves for
L=0.003, fn=0.004, and 01=1.25.

4- Conclusions

In thiswork, experimental specimens of steel foams were
manufacture through powder metallurgical space holder
technigue, and the porosity, microstructure, and
compressive properties of steel foams were investigated.
In addition, the effects of simulation parameters from the
Gurson-Tvergaard-Needleman equation on the stress-
strain curves were evaluated. The following results were
obtained.

» The porosity percentage of steel foams was
messured to be 79.3%.

» The porosity of steel foamsis composed of cells
formed on the basis of leaching the ureagranules
and residua pores between sintered iron
particles.

» The microstructure of cell walls is pearlite,
which is a phosphorous phase formed in the
boundaries of iron particles.

» The formation of phosphorous phases at the
boundaries of iron particles leads to the liquid
phase sintering and improves the particles
bonding.

» Theexperimental and simulated results of stress-
strain curves have an acceptable agreement,
especially in the elastic region and in the middle
of the plastic region.

» Themesh size, f,, 01, and g are effective on the
simulated compressive stress-strain curves.

» The effect of f, and . is not significant
compared to g;. However, changing the value of
fn has the least impact.

» Decreasing the values of q; improves the
simulation results. At =125, the best
agreement with the experimental results is
observed.
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1- Introduction

Metallic foams or cellular metals as a new class of
advanced engineering materials are widely used in the
manufacturing of thermal and acoustic insulation,
lightweight structures, shock absorbers, heat exchangers,
filtration, etc., due to their exclusive properties such as
low density, high energy absorption, and high impact
toughness, interesting acoustic, and thermal properties.
Also, metdlic foams have been used successfully in
medical applications such as implants and prostheses [1-
4]. These materials are successfully manufactured from
various metalsand alloys. Aluminum hasreceived alot of
attention due to its low weight. Besides, foams of stedl,
titanium, magnesium, nickel, gold, etc. are also being
manufactured and developed [5-7].

Intriguing properties of metalic foams depend on the
porosity, cell morphology (open or closed, size, shape,
and distribution of cells), the materia of cell walls, the
thickness of cell walls, and defects, which are often
influenced by the manufacturing process [8,9]. The main
manufacturing processes of metallic foamsincludefusion
metallurgy and powder metalurgy [1,2]. In the
manufacturing of steel foams, due to the high temperature
of solidus and other challenges related to melting and
casting processes, manufacturing processes based on the
powder metallurgy are commonly used [10-12]. Powder
metallurgy allows the manufacturing of open cells with
uniform shape and size and relatively even distribution
[13-15]. Among these processes, the powder
metallurgical space holder technique is a widely used
method. In this method, iron powders and other additives
are mixed with space holder materials in the form of
granules, powders, or particles. Then, compaction and
leaching processes were sequentially carried out. Finally,
the green materials were thermally sintered in the proper
conditions [15-18].

Due to the fact that different manufacturing processes
have various effects on the mechanica behavior and
performance of metallic foams, simulating the mechanical
behavior of these materialsis essential. The finite element
method is often a useful method for estimating the
mechanical behavior of metallic foams. It is noteworthy,
the simulation results are highly dependent on theway the
materials are modeled. In this work, the objective is to
manufacture the steel foams through powder metallurgy

using urea granules, as spacer holder materials, and to
evaluate the compressive properties of steel foams using
Gurson-Tvergaard-Needleman model. In addition, the
influences of effective parameters on the Gurson-
Tvergaard-Needleman equations have been studied.

2- Experimental method

To manufacture the steel foams, a powder metallurgy
route based on using urea granules as a space holder was
applied. The stages of manufacturing process include: 1)
blending powders and additives, 2) coating urea granules
by powder mixture, 3) compaction, 4) leaching, and 5)
sintering. The density and porosity percentage of
manufactured steel foams were determined. To
investigate the microstructure of cell walls, an optical
microscope (OM) and scanning electron microscope
(SEM) were applied. In order to find the mechanical
properties, compressive test was conducted on the steel
specimens.  Also, the Gurson-Tvergaard-Needleman
model was used to simulate mechanical properties. The
effects of mesh size (L) and effective parameters of the
Gurson-Tvergaard-Needleman model (fn, g1, and ) were
studied on the compressive properties of the steel foams.

3- Resultsand discussion

Morphology of cells. Fig. 1 shows OM and SEM images
of the cellsand cell walls of the steel foams. It is seen that
the cells are formed based on the leaching of the urea
granules. The distribution of cells is uniform. Also, the
cells formed in some sections are interconnected to each
other. It can be related to the applied pressure during the
compression stage and the leaching and dissolution of the
urea granules by absolute water. The formation of
interconnections between the cells has led to the
formation of open cells.

Figure.l. Cellsand cell walls a) OM image and b) SEM
micrograph.
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Figure 2. XRD maps of ZrBaz ceramics reinforced with
(a) SiCy, (b) SiCw and (c) SiCp/SiCyw (Reproduced and reused
with permission from Y. Pazhouhanfar et al., Ceramics
International 46 (2020) 5773-5778).

The result of XRD pattern for the ZrB,-SiC,, sample
is a little different. In addition to the ZrB, phases peaks,
the B-SiC peaks with cubic crystalline structure are
observed that indicates this reinforcement is whisker. The
XRD analysis of ZrB,-SiC,/SiCy, indicates the peaks of
a-SiC and ZrB; as well as B-SiC. In all the samples, SiC
is a non-reactive additive. There is no difference between
the phase composition of SPSed samples and initial
powder mixture, therefore, the sintering process is non-
reactive.

A Vickers hardness value of 13.1 GPa was measured
for the additive free ceramic. Vickers hardness of SiC
reinforced ZrB, composite is higher than those additive
free one. Measured hardness value for ceramics
reinforced with SiC,, SiCy and SiC,/SiC,, were 19.5,21.9
and 23, respectively. The simultaneous presence of SiC,
and SiCy in the sintered microstructures, led to the
increase in the hardness value. It seems that the more
effective inhibitory role of SiC,, on dislocation motion
(compered to SiCp) is a reason for such an observation.
Therefore, SiC,, may resist in a great trend than the SiC,
against the deformation over the hardness testing.

Fracture toughness of ceramics reinforced with SiC,,
SiCy and SiC,/SiC,, were estimated 4.3, 4.7 and 6.2 MPa
m”, respectively. These values is higher than measured
fracture toughness for Z sample (3.2 MPa m”). The
FESEM results of indentation-created cracks on the
polished ZrB,-SiC, are depicted in Figure 3. Deflections

have been induced by the interaction of the initiated crack
with secondary grains as reinforcement. In addition to the
deflections, other toughening mechanisms including the
crack bridging, branching and the defragmentation of a
big SiC can also be observed. In ZrB,-SiC,,, whiskers may
pull out or fracture over the propagation of cracks or
reactivate other mechanisms e.g. deflection or bridging.
In the ZrB»-SiC,/SiCy, an upgrade in the fracture
toughness is attributed to the simultaneous toughening
roles of silicon carbide particles and whiskers.

Figure 3. FESEM image of an indentation-created path of
crack in the polished section of ZrB2-SiC, composite.

4-Conclusion

To investigate the role of silicon carbide morphology on
densification and mechanical response of ZrB,-matrix
composites, a monolithic ZrB; ceramic and 3 ZrB»-based
ceramics strengthened with 25 vol% silicon carbide in
several morphologies (particulate, whisker and
particulate/whisker mixture) were field assisted sintered
at 1900 °C for 7 min under 40 MPa. Compared to the
monolithic part (with a relative density of 96%), the other
materials reached their complete densities.

The mechanical performance (hardness and fracture
toughness) of carbide reinforced samples were better than
those for the monolithic one. Synergistic influence were
observed on the improvement of mechanical efficiency of
composite by the simultaneous addition of SiC
particulates/whiskers.
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1-Introduction

Materials based on the transition metals nitride, boride,
and carbide possess immensely high melting temperatures
and are classified as ultra-high temperature ceramics.
Zirconium diboride has shown better combination of
features including moderate density, extreme melting
temperature and considerable thermal conductivity. This
summation of characteristics has converted boride
materials candidates for engineering applications such as
melted metals crucibles, furnace elements, electronics,
industrial tools, and aerospace technology. Anyway, due
to the covalent strong bondings and negligible coefficient
of self-diffusion, it is hard to densify these materials with
no applied external pressure and/or high temperature. On
the other hand, the high-temperature oxidation resistance
of ZrB; (at >1000 °C) and its mechanical properties (such
as fracture toughness) are not suitable. Therefore, the
many studies have done to improve this limitations of
ZrB,. Various additive parts such as disilicides, carbides,
nitrides and metals are employed to upgrade the
sinterability and properties of diboride ceramics. The
introduction of SiC, as the most common phase in
zirconium diborides, not only encourage the sintering
mechanism but also increase the bending strength of
composite ceramic because of the stoppage of ZrB,
coarsening over the manufacturing processes.

Up to now, few researchers have focused on the role
of the silicon carbide phase morphology on the
microstructure, densification and mechanical
performance of ZrB,-based parts manufactured by the
field assisted sintering method. For this purpose, a
baseline monolithic ZrB; and 3 ceramics reinforced with
25 vol% silicon carbide in different morphologies
(particulate, whisker and particulate/whisker mixture)
were manufactured for 7 min at 1900 °C under 40 MPa by
spark plasma sintering process.

2-Experimental

Commercially available ZrB, powders (purity>99.9%,
Xuzhou Hongwu Co., particle size [ 2 pm), SiC
particulate (SiCp: purity>99.0%, Xuzhou Hongwu Co.,
particle size 0 500 nm) and SiC whiskers (SiCy:
purity>99.0%, Xuzhou Hongwu Co., 500 nml D < 1000
nm, L <20 pm) were bought as starting materials. The
powders were weighted and the slurries of mixed powders
were mixed ultrasonically, then dried by hot stirrer plate.
The dried powder mixtures were milled using agate
mortar and then passed through a sieve. After inserting the

mixture into the selected die with an inner diameter of 30
mm, lined with foils of graphite, the field assisted
sintering was completed at a temp. of 1900 °C for a hold
time of 7 min under a loading of 40 MPa.

The bulk density of the as-SPSed samples were
calculated by means of the Archimedes formula with
distilled water as the medium. The relative densities of the
specimens were computed as the ratio of the bulk per the
theoretical densities determined by the rules of mixtures.
Microstructures of the fractured/polished sections and the
phase investigations of the samples were done by a Mira3
field emission Tescan scanning electron microscope and
a PW1800 X-ray Philips diffractometer, respectively. The
harnesses values of the sintered samples were obtained via
a ZHV10 Zwick Roell Vickers indenter. The fracture
toughness of the composites were also estimated by the
indentation method of direct crack measurements.

3-Result and discussion

Measured relative densities of as-SPSed samples are
displayed in Figure 1. A density of 96% was measured for
monolithic ZrB; specimen. A near fully dense ZrB;-based
composites with a relative density value of 99.9% were
achieved by field assisted sintering under 40 MPa at 1900
°C in 7 min. It seems that the sintering conditions are
desirable to achieve a fully dense samples. The
simultaneous addition of the SiC,, and SiC, leads to the
fabrication of the composites with their theoretical

densities.

LeBLSICPSICw LrBLSICw ZrBLSICp P

Figure 1. Relative density of spark plasma sintered
samples (Reproduced and reused with permission from Y.
Pazhouhanfar et al., Ceramics International 46 (2020) 5773—
5778).

Figure 2 demonstrates the XRD results of the as-
SPSed ZrB,-based parts. As it can be seen for ZrB,-SiC,
sample, the detected crystalline lattice of the silicon
carbide phase is “hexagonal”, on the foundation of the
XRD test. This observation confirms that no fresh phase
has created in the SPS process. Therefore, the composite
manufacturing process can be considered as non-reactive
sintering.
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precipitated during cooling from 1200°C. These
precipitated y' was coarse than formed y' in 1180
°C/2h/AC specimen. At the inter-dendritic regions, the
size of the remaining y' precipitates was reduced to 675
nm, the area-fraction of ¥’ in this region was reduced also.
Therefore, it can be said that the dissolution of the
precipitates also occurred in the inter-dendritic regions.
Heat treatment at 1200°C/4h/AC resulted in complete
dissolution of primary ¢y’ had not occurred. Therefore, for
more complete dissolution, to achieve a higher level of
homogeneity, and to dissolve initial y’' and eutectic phases,
the samples were heat treated at 1230°C for 40 minutes.
The results showed that after heat treatment at
1230°C/40min/AC, the microstructure of the alloy was

significantly more uniform than previous cycles. It was
also revealed that the initial y’ particles were dissolved
completely in the matrix and the number and size of the
eutectic phases also reduced due to the higher dissolution
rate at 1230°C temperature.

Microhardness results showed that the microhardness
did not change by the heat treatment temperature of the
heat treatment process, but the hardness was affected by
the area fraction of remaining y' precipitates and
precipitated y' during cooling in the core and inter-
dendrites regions. The highest hardness values were
obtained at 1200 °C and the lowest at 1120 °C heat treated
specimens respectively.
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1- Introduction

Increasing the operating temperature of gas turbines to
improve their efficiency has been made the use of heat-
resistant alloys inevitable. Turbine blades are equipment
that service at high temperatures and made from nickel,
nickel—-iron, and/or cobalt based superalloys. One of the
most famous nickel base superalloys that used in the
manufacturing of single crystal blades is GTD-111
superalloy. This alloy is age-hardened by precipitation of
v'-phase, Ni3 (AL Ti), which is a coherent precipitate in the
Ni-rich matrix phase. The microstructure of these alloys
consists of different phases such as reinforced gamma
prime (y'), carbides and eutectic y-y’ phases in the gamma
(y) matrix. Each of which is essential to achieve the
desired properties. Although the strength of the
superalloys is determined by the theses phases, but
characteristics of y'-precipitate such as its size,
morphology and volume fraction influence the properties
of the superalloy significantly. This should be noted that
the elastic strain energy between the precipitate and
matrix and y’ nucleation rate are dependent on factors such
as solutioning temperature and cooling rate which affects
the shape and number of precipitates. So information
about the dissolution and deposition temperature of y’
precipitates is necessary for design suitable heat treatment
cycles in different conditions.

2- Experimental

The laboratory specimens used in this study were made
from a cast ingot of nickel-based superalloy GTD-111.
The ingot was melted by a vacuum induction melting
furnace and then casted. To determine the starting and
finishing of the y’ solutioning temperature of y' precipitate
in the GTD-111 cast specimens, the thermal analysis test
was performed from ambient temperature to 1300 °C with
the rate of 20 °C/ min. According to the results of this test,
different heat treatment temperatures were selected. The
cast specimens of GTD-111 superalloy heat treated
according to the heat treatment cycles designed in Table
1. Microstructure of specimens after etching was
investigated by using of a scanning electron microscopy.

Also, for measuring of volume fraction, density and size
of the y' precipitates was used from the Clemex Image
analysis software. Hardness of different heat treated
specimens was measured by using Vickers micro-
hardness method.

Table 1: Heat treatment cycles applied to GTD-111 superalloy

solutioning lutionine ti . Cooling
temperature (*C) solutioning time (min) environment
1100 60 120 180 240 AC
1120 60 120 180 240 AC
1150 60 120 180 240 AC
1180 60 120 180 240 AC
1200 60 120 180 240 AC
1230 40 60 - - AC

3- Results and Discussion

The primary microstructure of the cast superalloy is a
dendritic structure. Primary ¢’ precipitates were created
during solidification and affected from cooling rate. Non-
equilibrium conditions during solidification caused non-
favorable morphology and volume fraction of Yy’
precipitates in the cast structure. Therefore, the effect of
solutioning temperature on the variations of shape,
morphology and volume fraction of y' precipitants in the
core and inter dendritic zones was evaluated, Heat
treatment according to the 1100°C/2h/AC cycle results in
formation of irregular coarse cubical y' precipitates in
both core and inter-dendritic regions

Increasing the solution temperature up to (1120 °C/
2h/AC), solved areas of primary v '-precipitate between
dendrite core and inter-dendritic regions were increased.
The agglomeration of y' precipitates and changing
morphology of these precipitates from cubic to oval
shape.

After heat treatment at 1150°C/2h/AC, the morphology
of v’ precipitates in the dendrite core region was spherical
and larger than the cast samples and heat treated samples
at lower temperatures. Furthermore, the morphology of
inter-dendritic y’ precipitates was flower like.

After heat treatment at 1180°C/2h/AC, primary v’
precipitates at the dendrite core areas were completely
solved and new y' were precipitated during cooling to the
room temperature. In the areas of inter dendritic, y'
precipitates was not dissolved completely. The size of the
remained Y’ precipitates was around 898nm that was
larger than the y' in the as-cast and heat-treated at lower
temperatures specimens.

After heat treatment at 1200°C/2h/AC, Ilarge
precipitates in the dendrite core, were completely
dissolved in the matrix. Due to the supersaturation of the
matrix phase, the spherical 7y’ precipitates were
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Table 2. Levels of temperature and acid concentration in design of experiments

Levels
Variables —a -1 0 +1 +a
Temperature (°C) 22 30 50 70 78
Acid Concentration  1.17°(0.057"") 2(0.098) 4(0.196) 6(0.294) 6.83 (0.335)

*Acid value is reported as multiply stoichiometry values.
**Acid value is reported as Molar.

Where Cy is the initial acid concentration of the
solution, Cs is the stoichiometric concentration
according to (1) and X is the fraction of the progress
of reaction.

In this research, Runge-Kutta 4" order method was
used for fitting the models to the experimental data
using the least squares method and for plotting curve
Xvs. t. The results showed that acceptable fit was not
achieved in the previous assumed model. In the study
of the rate reaction affected only by the temperature
and the fraction of the reaction, instead of the acid
concentration, the fraction of the reacted molybdenite
is introduced into the rate equation. The use of the
fraction of the reaction in the rate equation is
somewhat equivalent to the effect of the surface
effects on the rate equation. By reducing the amount
of molybdenite in the reaction chamber, the total
surface area is reduced and, as a result, the dissolution
rate decreases.

If X considered as the fraction of the reaction, the
remained amount of molybdenite in solution will be
proportional to (1-X). So, it can be written:

Q)

There n is reaction order with respect to the residual
of the molybdenite content. In this case, acceptable fit
was not achieved. In the next step, the simultaneous
effect of the concentration of acid and the fraction of
the reaction are considered in the equation rate.
Accordingly, the final relation being as follows:

_X_ 1)
r—dt—k 1-X

X _.em.1_y)n
—dt—kC 1-X)

©)

Investigations showed that in this case, better fitting
than the previous ones is achieved. But in order to
introduce the effect of the complexity of the
mechanical activation process of particles, the concept
of wvariable activation energy was employed.
According to which the activation energy is
considered to be a linear function of the fraction of the
reaction (equation 6), and it is increased with the
advancement of the reaction.

(6)

By putting this relation in k (Arrhenius's relation),
finally, the relation between the rate of the previous
state (5) is written as follows:

E=E°(1-a(1-X))

dx b1 (1-X)-b
% = exp (ZE2222 1 by ) (1 - X)"(Co — XC)™

(7

The results of the fitting of the above model to the
empirical dissolution data in four modes of
mechanical activation experiments are shown in
Figure 1, which indicates acceptable fitting.
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Figure 1. Fitting results of the final developed model of
variable activation energy on the leaching data in nitric acid
media for mechanically activated molybdenite: (a) 4hr of
activation, (b) 24hr of activation, (c) 2hr of activation in the
presence of alumina, (d) 12hr of activation in the presence
of alumina.

4. Conclusion

In this research, it was tried to make some changes in
the shrinking core model to develop a kinetic model
for predicting the dissolution behavior of
mechanically activated molybdenite under different
conditions. Considering the effect of acid
concentration, the fraction of the reaction and the
complexities related to the activation of particles,
finally a suitable model with an acceptable fitting on
the empirical data of molybdenite dissolution in nitric
acid was obtained.
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1. Introduction

Shrinking core model (SCM) is used frequently in
investigation of the rate of the dissolution reactions of
minerals. In kinetic studies the SCM fits well for spherical
particles, but it has some limitations. For instance, the
concentration of acid during the dissolution process is
considered to be fixed in this model, while it is in contrary
with the practical results. On the other hand, physical
properties and mineralogical factors may result in some
complications and affecting the reaction rate. Such
limitations show the importance of a deeper study on the
dissolution reactions mechanism of molybdenite particles
with unusual shape and geometry. As a result, this work
tries to investigate a suitable model to forecast the
dissolution behavior of milled molybdenite. Accordingly,
achieving to variable activation energy model from
shrinking core model is explained step by step.

2. Materialsand Method

Molybdenite concentrate used in this research was
prepared from Sarcheshme Copper Mine. Chemical
analysis of this concentrate shows that the weight percent
of molybdenum is more than 55%. Mechanical activation
experiments were carried out in a planetary ball-milling
machine with steel cups and balls, in the presence and
absence of alumina as an additive. The milling conditions
are given in Table 1.

Table 1. Milling conditions of mechanical activation tests

No. Time Ball/Powder Speed Aluminum
(hour) (rpm) (Wt.%)
1 4 40 300 0
2 24 40 300 0
3 2 40 300 50
4 12 40 300 50

The dissolution experiments of the activated samples was
performed under different conditions. In these
experiments, nitric acid was used to dissolve molybdenite
(Equation 1):

MoS; + 6HNO; — MoO3.nH,0 + 2H,SO4 + 6NO + (1-n)
HO

)
The central composite design method (CCD) was used
to design the space for dissolution experiments (Table 2).
The pulp density was kept constant at 1.3 g / 1 and the
stirring rate was fixed at 500 rpm in all tests. Finally, the
prepared solution was centrifuged at 4000 rpm. The
molybdenum concentration and the dissolution efficiency
were determined by ICP and mass balance, respectively.

3. Result and Discussion

In order to develop a suitable model and obtain a rate

equation, different situations can be assumed as follows:

e  The rate equation is only affected by temperature and
acid concentration.

e The rate equation is only affected by the temperature
and the fraction of the reaction.

e The relationship of the rate is affected by the
temperature, acid concentration, and fraction of the
reaction.

e In addition to the effect of the temperature, acid
concentration, and fraction of the reaction, the rate
equation is also affected by the above-mentioned
complications (mechanical activation effects).

In order to investigate the effect of acid concentration on

the reaction rate of the dissolution, the following equation

can be used:

r=%-k.cm @)

In which k is the rate constant that according to the
Arrhenius equation is a function of temperature, C is the
momentary concentration of acid, and finally m is the
reaction order with respect to the acid concentration. The
momentary concentration of acid can be calculated from
the difference between the initial and final amount of acid
used:

C=C,— XCg (3)
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