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The Increase in the Wear Resistance of Copper Substrate Coated by Cu-Al,O; Nanocomposite
Through Solution Combustion Method

H. Nasiri E. Mohammadi

Abstract

Solution Combustion is a new and low costs method in order to synthesis nanomaterials. In the presented
investigation, Copper and Aluminum nitrates, Urea and Graphite are used as oxidizer, fuel and auxiliary
materials, respectively. All experiments categorized in five groups in terms of percentage of alumina (5, 15, 25,
35 and 45 wt. %) and fuel to oxidizer ratio of 1.25. Time- Temperature diagrams are plotted during reaction and
wear tests carried out for all samples. Results showed, sample with 25 wt. % alumina can increase the wear
resistance 4 times than non-coated copper substrate. Also, the coating microstructure were investigated by SEM

equipped by EDS, TEM and XRD. The results proved synthesis of nanocomposite copper-alumina coating just in
one-step.

Key Words Copper-Alumina Nanocomposite, Solution Combustion, Wear Resistance, Combustion Temperature.
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Evaluation of the Microstructure and Mechanical Properties of Dissimilar Joint between Pure
Copper and Stainless Steel 316

M. Jafarzadegan R. Ahmadi M. Talafi noghani A. Miri

Abstract

In this research, dissimilar joints between copper and stainless steel 316by gas-tungsten arc welding using copper
and monel filler metals and also the similar welding of steel 316 have been investigated. The microstructure was
studied by OM, SEM and EDS. Tensile and impact tests were done to evaluate the mechanical properties. In order
to investigate the sigma phase formation, the specimens were heat treated. The microstructure of the dissimilar
welds contained an iron rich and a copper or monel phase. After heat treatment, no sigma phase was observed in
the dissimilar joint that it seems that the presence of copper and nickel as an austenite stabilizer elements in the
microstructure prevents the sigma phase formation.

Key Words Dissimilar joint, Stainless steel 316, Pure copper, Mechanical properties, Sigma phase.
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Modeling the Effect of the Most Important Factors on the Kinetics Behavior of Silicon Nitration
Reaction Based on Group Method of Data Handling

E.Shahmohamadi F.GolestaniFard A.Mirhabibi

Abstract

In the present study, a soft computing method namely the group method of data handling (GMDH) is applied to
develop a new and efficient predictive model for prediction of kinetics silicon nitridation. 1186 data point is
obtained from experimental results and other studies in literatures. Several effective parameters like time,
temperature, nitrogen percentage, pellet size and silicon particle size are considered. The silicon nitridation was
performed in 1573 k and results were evaluated against model results for validation of the model. The performance
of the model is evaluated through statistical analysis. Furthermore, the performance and efficiency of the GMDH
model is confirmed against the two most common analytical models. Using sensitivity analysis, nitrogen pressure
with V,..+, 0.27 was the most effective parameter in nitridation.

Key Words Ceramics, Modeling, Silicon nitriding, Programming, Kinetics, Pattern, Regression.
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The Mechanism of the Reduction of Hematite-Magnetite Concentrate by Graphite-Calcium
Carbonate Mixture in Hoganas Process

S.M.A. Haghi A. Zabett M. Mirjalili

Abstract

In this study, the mechanism of reduction of hematite-magnetite concentrate (HMC) by graphite-calcium
carbonate reductant mixture at 1000 °C was investigated. The initial and middle stages of the reduction process
(up to 63%) are mainly affected by the heat transfer inside the crucible. In the middle and final stages of the
reduction process, the gaseous diffusion to the FeO-Fe reaction interface and the carbon gasification by CO;
jointly controlled this progress. The reduction rate was relatively slow below the temperature at which the carbon
gasification by CO, commences. According to the XRD analysis, prior to the carbon gasification, the metallic iron
was not found. The reduction of the HMC hollow cylinder proceeded topochemically mainly from the outer
surface. The SEM micrographs indicated the formation of sintered iron whisker.

Key Words Reduction, Graphite—Calcium Carbonate Mixture, Mass Transfer, Carbon Gasification, Kinetics.
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Synthesis and Characterization of CuFe.O4 Magnetic Nanoparticles and Their Application for
Removal of Reactive Red 141 from Aqueous Solution

V. Mojaver  A. Ahmadpour  T. Rohani Bastami V. Mahmoodi

Abstract

In this research, spinel ferrite (CuFe204) magnetic nanoparticles were synthesized by the solvothermal approach
in the polyol media and used for the adsorptive removal of Reactive Red 141 (RR 141) as a model of organic dye.
Batch adsorption studies were carried out for various pH values, nanoadsorbent loadings, contact times,
temperatures, and initial concentrations of the organic pollutant. The adsorption isotherms were in the range of
10-50 ppm and the results fitted well with Langmuir isotherm. The sorption kinetic studies well-defined to Ho's
pseudo-second order model. This research suggests an effective low cost CuFe204 nanoadsorbent with a
reasonably high efficiency for the removal of RR141 compound, which allows convenient recovery from aqueous
media using a weak external magnetic field.

Key Words CuFe;O4 nanoparticles, Magnetic properties, Reactive Red 141 dye, Solvothermal process, Langmuir
isotherm.
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Effect of the Content of Graphite in the Slag Powder of the Steel LRF on the Microstructure and
Properties of SAW of Ductile Iron

B. Ghazanfarian K. Dadashnia S. E. Vahdat

Abstract

The use of protective powders in submerged arc welding (SAW) is one of the methods for protecting the Welding
pool. In this research, it has been attempted to use ladle refining furnaces (LRF) slag as an alternative to a ductile
cast iron shielding powder. For this purpose, the hardness and maximum tensile strength of the ductile iron before
and after the SAW with protective powders including from 0 to 25 wt% of graphite and 100 to 75 wt% of the LRF
slag powder have been compared. The results show that the welding quality is improved by increasing the amount
of graphite powder in the powder of the LRF, because the maximum tensile strength of the welded metal is nearly
the maximum tensile strength of the non-welded cast iron (control specimen). Also, the amount of graphite powder
in the slag powder of the LRF has the straight relation with the hardness of the welding metal.

Key Words Hardness, UTS, Joining, Sustainable Development.

3l e QNN 0T 5y ol QAR Yallie il el

el ¢ ool 13T oSl ¢ ulis s ol ¢ pmwdige 0 U2 (6,10 g Ayl i )IS (V)

ol ol sl5T ol&zils ¢ ol bl o g ¢ e 0aSCiSls (33 g3 b8 (Y)

Email: e.vahdat@iauamol.ac.ir el el sl 5T ozl ol bl T dm ¢ pibige 208515 lslinl 1 ss sy 55 (F)
DOI: 10.22067/jmme.2021.40015



...L;jj)yj.é‘,;éjé ddai 5,48 Syl 34 40 ;,:._é//,fj.:ﬂj/ylia/‘/

\Al

b ple @ aly S ol mlo o Sluls
oS ML A gy GUSH s 03 age oS s
L8] 52 0 o gies

Sd ) GS—d s 3l ol L 3L 5L
wls S abard oS5 555 OF b 5 SO 0l ey
3 ot oMl &S sl DL e 5B Sl
Jsd BB hsr C)‘—w R EIBIEY) PPEN EVIN ESp v
3doe oslinal (6500 25 OS2 5 ol sl ea s
Sy P 58 bl 5y 5 al IS8 65 05l
Sl S Gosby ol o syl gy LB
o3laiul WSO Ol e s ) ool Ol 0 <0355
Do 5| ol 5l bla (5 anlllas [0]5 S
5 el S5 G 5 K e S L (6535 5
LS sl DL g s sl 5 e
03 S b gloee 5 o0 05 S 3 ol S0L e 05 55 &
S (sl 0T 5 Isea Ol o ol WS L of
CkS (S0 5 25 P 03 el ply o S eslanal (655 05
Lilows o5 LG & s (0L Sl (S
YRV

slse 5l eslanal a5 Wsls OLis [6] O, Kan 5 (s e
o sn S ey 3lge 5 Al b ) S 5L ale Sl
adllas pd 0 il (g lid 5 28 Cuglie Ll
oy 3l 03 SO o3 8,58 Y58 35l 5 18 65
Calizal 3V 5 5,0 o b CIli] 03 S b ylses a5 sls Ol
il Ly Y oS 555 o el 5 a8 o3l 1, Sl
Ly sl 3V 58 65l e .;ppuﬁuz}lﬁ\ﬁ);
 amle SadieSIE s sl &S s s
05 Y5 el 558 gy addlae [V]das e R[]
sy 0Las glails K gaudl paal b il glab gl
bl 4 Cond SV b sl ST byl oS
A o OLAS 5 5 5l (6 s S slhe ¢ oo llias (651>
IAT 38 oslizal 5L 5 sy b Lol L3 0l e O Sl 5
<33 58 5k Ll Sl slge 51 eslanal o dleas

SoLad 5 LS Cueslie il Bl Com e (6 ey B ge OAI

4 dle

e o LG 6y Sl e S sbe
s S5 OIS L S (e i 5 dm b
Sy il s 3 S e andad el o5
0313 Lo ((gla3 5 glacadl 8) 55 i S L il S
Aile ol by i p 5 50 ol S5 .ol sl
L Gulm) O35 Jlasl olSs 5 as o S, S5
(3l S 55 O 5l ol i S as (SIS
slaidr o 1] 558 ooanked 35 eSS Cse
Odr 53) 838 bl S aile 5 A L il S sl
Odor 53) e el 1S IS B 1S 5 (ST
(SIS g Sl | it Bt ol ol 51 Ol S
Sl Si i SlS 5 uS IS S
OT LS L s Joms 53 ool ol ol o i (gla3 )5
Sl 5o s e 4 Bl el (15 S s
3OS Ol 8 gl ke Dldga (o5
oLl 5 03 5p 8 S o5 2500 48,5 SR s | piS
5Bl S kS5 S ols o) o s Jstie
5 S Sl b s e ol (335 55
225 G DS s s P e G Sl

2] Lt OLse b 51
Al ) s &JYJ&W e
o5 p oo B Coenl 5l 5550 (0 g e (S50 S
el Jgmamn (ol W5 SUS 5ol sy bl
Cales & 35 M ea Sl s o Y e
Oluls 5l S ossd e ol C’e; wlulse &) sow
AUl V] a5V 8 5L Jpams ol o
b a8 5l p SAS Y el ) 5 Y
Ols—ea, (Ladle Refining Furnaces = LRF or LF)
Sl 0leg YE kS Cud b oS Wl sty Slalss
bl o3 osliia | 5ol oty sbagile ¢lsl cxla
Bl5 e osbe ol GKos B b 5l asy e sS4 Sl
U e Tt PN VR LR P
ealaial nQ{‘ﬂL'u. AL Ol g AY j.L“Sﬁ Wpéjaﬁﬁj

’f"‘_})o/vwf_;)jwdu

e s Siolia ikiga &2



Y

oy e ol o =i 23l O olS =3 i o]

S sins SIS sy 3 (o,mslST s, Sloe D)
5 3035 ST Sk hdaal 5,55 550 bt LT L
5T sl e Basls S 650 Sl eslizal & s
A 3 eddsbml dLail 5 B CohS 5 e A
3l

5055 ol o 5 SIS ag (Raskh opl U3
Slastie b 050 SV oS0 5V AL b
S L RS Odr A ag (1) dsdr s ke
Sroon (1) dsder 5o mode Slasls 5 glend
w3 ¥ IS0 5 (V) Sk ls be s S e
S pls oKas Sl eslital b e s A wile Lo
SiS Oe3l ek gas (iS85 3 Ol e
SIS 6 O pasie gl A a3bel oY) IS llas
sdig S, Ol Lltleg, (S Jak e s
el ol iS4 (1) K3 5s (p)

s s oSS oKaws b (535 05 Sy
5 el 800 0L > ol L G2310 Jue S S oS
Jrde 5l (g 20 e 0 Ahols 3 adds y 2o Joe OV o
Jador Gillas aleacd oS 5 L e (oo ¥ S 4 (65100 5
BYY o slos 53 o0 5l day 5 13 A el (V)
Aoy 8 BYO s el Cosby 5o 53l S sl a5 YO
s e oSas KeS L (5 S o3Il 228 oSl
Vs MLl anldl e B8 s LS
L Gllas Gy s /) oisps b 8 SIus) o S LS
b a3l e 0031 ASTM E384-17[1Y] 5l kedd
SaS b alaw Hltley il pbdl a5 0 an g
Field) (o & Ol hus Sol oS S
(Emission Scanning Electron Microscope (FESEM)
Como | Olsabl (gl .42 axles TESCAN MIRA3
3,51kl o,ls) Ha glaslKislesl s Lagy gosl plad (s
0,51 () U5 5o Srasy ol Jol e A planil 01|

ol sl

Sl Sbeis,y 053y LS [4] 555 e Il
P [ - S E RN EPPRE
3S5ke 3Y 5 B 5L 3 eslitul ol AL daw g
Sl o Sl bihbKn K Ol Olis!
sl gl S S aslie o sl b gl Lo
Slasein 3 s Coda L il 5 3 ool 65L )3 axlllas
sl Olas Cileses gla So 580 31 eslizad L ol 5 Shas
5555 0k, 035 5 Sz o BLsbask S 5 aS
e il 5 3 Sl sl il slie b al
3 sdeme ealizal &S Js ol il ol (g,
S Lol 6”1@’? o AL 5558 5l 5 S s
Sl el Ll plale 5 spd e b
IARN EPIERUIETY
S S SR —der P 3 Sash ool o2
SHESS oV S el il 5 e s SSL )
gl msd el | | Gl 95 g 8 iS
S ol sos 4 3l S
Sl a0 53T 51 o B obadlsl 3V b ksl 65 e

s ﬁbuﬁ ch,.:SJJ

uﬂ‘?h&d\fﬁ)y u&i&iﬁ)b}bﬁ)ub}
T ES IS CRGHE [P

GRS S, 9 3
sbls a8 ol gl oS5 ilesVs b
3 e I Al OS] (S SIS
Sge 5 shaeslm 3lse 035351 L &S Gl s 5 melS
V5h Sle bl (6l 3 58 o0 A5 S5l O3 oS
(£ LY 5m) b 4t 3L 51l o3l (21335 555)
s b bl b ol e oo 5 AL Sls, e
Ol ks g O goldonST o 1 Ly FEO+MNO<1%
o Do L s s el LS 5 s
dodr Gollas opl b V] s o5l 03 Sl (6l
PR Sasn s e LS plend pIUT ()

JE o ‘_}JAJL«J;’AJJJWJLA



S Y58 Al dda 555 Sl s3 g s oS soa Slds Vi

S5 sl Ll 5558 S5l D3 g 5 O o At 3L 5 O3 SIS S Anglie Y s

Sl s | *el | SiI02 | ca0 | AR03 L
~ 5 55l 3L : CaF2 S5 el
gfem3 +Ti02 | +MgO | +MnO f o
VG /Y )
Valava YGe/o | LXYoUY | TooLYs | ToolYs AR Sl e 55 gl S
Fashe
S csiinl | %L | Si02 | caO | AR03 | FeO L . s
gema | 077 | | +Tioz | +Mgo | +MnO | +p20s | # Sl ‘
b
AV CR L R =Y ARV IA-TVA N N o AW IAVAZS A /7S IR PO NI AV ?
SV
uj N be e)'\.,\.:‘ —_ Q.JJS J:'.Lv\' g_,.:s): rb 3%
g/cm3 o
\A Fo g TGN - 744/4 4 Sl East 55 ldie CBS

gz (a5 BB oy 57

g g Mo RS el S gls a1 LSS O g S 5l ol SL sl e g\ ISS

Jiﬁjji)boau@‘ajfﬂ.;Qk@\ﬁd)hb'“}@%%} VJ),\;—

et oS 5

35 | otdse | o | el | el | e [ 5SS | ke | 5K | 0S| o
JAYA AN RAVEN S IRVAVER B RVAVEL S IVAVEL- IVAYER B BVA VE I VYA IVAVAGH IR RSP WS PR

VIR TG Ly PR

o
Y
E

iS55 25 GG g Sk (gls Sl ekl (S Ol sed ISE s alal Y JSCS

1Eee o aplot ass s oo Sl Sy s iy sl prkige &



vo oy et cboos =L 2015 O ol =L il ol

SEM HV: 15.0 kV WD: 10.39 mm | | MIRA3 TESCAN

SEM MAG: 200 x Det: SE 200
View fleld: 1.04 mm Date(m/dly): 11/14/17

pm

RMRC

(1) (S g 31 8 o 0y Sl gy, ¥ IS

DIN EN S2CrMol (AMA 5022) [l iasss 3 553505 g Jshe sl S 5 ¥ s

£35S s PO IR T I
VAR IVAVZN V- R RVAV/N AV 3N AN VAVA RN VR ROV
| A J S ol Slasie 5 gold & ol slye |
v

3o ¥ el & ga ates i eslel (S Gl i Sl el s Slear
Unies lasietin ol Sl 5 s el 308 ) 5 S & pas
(S Oy o rl;‘-) Aals slad ged (Jl anws 3l sl Oyl

deops o b Ul (653555 s GO Sladi el p s dnus dizus
oot GO Slak sal cp e Ad s 0L 2 53 SIS

ol A s o)L 535 03 SIS 2 dosn Ve L Ll (6505 05

535 03 SIS 53 Ao 30 Ll (555 5 Shasn s slad s

.Ma)\.gfd

¥ ¥ v

B 305 ip gus &Lwd
LAA.}}.«J:()LQJ;:\;.»J r

o Lads a5 2o 52 dws Jsl s
) [CSLE S SRS B
SRR PI0%

5K o,

Sosnd oo || el o8
5 LA 6_)&:)2'

),U.l.id)m}g- o
ERS

))@'ﬁ))ﬁjlu\fu _
BERGNCLSUTPVRSINTY rl;‘- O ol

03l S s s
) Lo 63 o)l 53 g

T ool 53 i - Ao ol g oslatl
_ ROWBEY _ .
RS 32 Loy RGO =35) do 23 gt A
P Y \ 4 A 4

SLE Sl ampa Yo glas jo csle Va6 K0 5 (slads sl

iledd sy i
A 4
s (el 5 5 dlasl e 5l ke Aalee) e boaw 51 5,5 e O5a51-)
A r\;_u'lu:.:sayj
LA A:JUQ.A L;JZJJ) u".ﬁjzg\ @}&L)L}Lﬂﬂ)—\‘

s el Jle £ S

J{}‘J&JJJJ&MW@/‘L’ ’f"u)a‘;w:'a/ujwd[w



...L;jijj.é‘,;Ljé ddai 5,48 Syl 34 40 ;,:J/J,fjaﬁjuia/‘/

A

U3 S O kst by s o sdleas .ol 0l 03l
Sl polal dlie 5 AR IS s ()
5 s Il Jows (g 3l e didate Jold ailats 4 s
2 b el g s GO sl ¢l s
S S8 3 Gl S S e YO 5 ) Gio sl
Cib meen ol e adliS Lo 4 (@ b o -9)
S P sktlen, s (EDS) Wl (o5 SSE
Vohe ol o bl 5 5 SO e slad ged
L (VDL O sl K8 s G S Sos des YO

sl 0 azslIS il

oy mli
i 3 ke dilate 5 e i Sl
Pl Sl (s e 5 o 5 Il o
ol 4503 4z ol 0l 0350 (8) Jpdor > 258
Sl ean SRES Oe3] e Sl 03 4ges 3de ¥
JI3 eer Sl o3y Jad LB Sasdee 53 Lk gl
s god oo Jsb 33l 0 o ol ol 63,31
(bl S yns BB Ll g3y Loeddo K0 als
23 £ ke Vgl Bl o5 el IS0
Loys YO (sl Lablous 35 Lol Wi g 5 bl S

u:».“vLu (/\)U(O)LQUAJK.&)) ;,\.:SJJM ‘C"'.‘.'Q‘Jf)g_}:’. &)j

&sr&w\,é@@ukﬁp § Jgdr

(UL ois Szl ST Gs) e nSile
Sl 8 - . & go3 ol iy
Sl #lad sul JK)L%JLAS{J’}? 3 Al i
d)...“% J;U Eéjwjéw AO QYJ\//\ Ve (&)9- g_))Ju) dals \
oA SR YIA | YVY Yo bl § B sy Y
s LS s 10 Yo Ve 080 |0Y0 Vo Cl SV Ly | Y
vq vq ALA VYO £V Sl SLYOU | 8

cwla.).;:}a;)ﬂyzwyju}g Jsd JG ;;,,\m)suaw;\d@ﬂoj‘j&wmﬁaw 34e ¥ Lol @ ges azas e

Q - —

0 02 64 06 08 1 Iz 14
‘Extension famd

Al & 5ol Jsb sbsjls 0 Sl e 0 IS

’f" g;waﬁiju

e s Siolia ikiga &2



2% oy et cboos =L 2015 O ol =L il ol

Force (N)
&

[&]

0.2 0.4 0.6 0.8

[

Extension (mm)

bl 8 8L 535 L el IS s B pad sb slssb 5,0 lases T IS

Farce (N)
o
(¥,
Q
3

©
=]
[=]
[0
(=]
=
[=]
=
n
[=]
(=]
=]
J
[
©
w
[=]
w
[
]
'S

Extension (mm)

S S5 ko)t Sl o b el 6 S g K ped b sbajb 0 lases VIS

9000
8000
7000
6000
5000
4000

Force (N)

3000
2000
1000

0 0.5 2.5 3

! Extensllosn (mm) 2

S8 55 dasnY0 (ol 5o bedds ) s & gad Jsb sbiasl- s, lageld A S

}:—3 (0) JKJ u”"i Cs) oS d)bﬁﬁj dJ&";’}" Loy Yo d)b BEEY L, 45(5“*”}“‘" )[;;'.L,,J-_l) 3
Qj,aﬂ)l:é) Gl (s eem 4 3l e N g:,..:.é‘; :\)'T g;,_.éljf sl 0 dd (S5 5 LK “:,v_.ébf
Sy e edalie (A) 5 (0) gla K5 53 2iS 6S (Gl gas) dals & ped Sl 53 el ol sdalice

J{}‘J&JJJJ&MW@/P‘L’ ’f"u)a‘;w"a/ujwd[w



S Y58 Al dda 555 Sl s3 g s oS soa Slds

YA

S %YL 5 L Ko El,S 90V Lo sl - bl S L oy b K -

(5 g 05u) dali= il

?LM))Ubwrth?bﬁjﬂyﬂj QJQJ

L oS 552 etalie ((OF) JK3 L (8) i Gyllae
3oV ksl S5k o g 55 Bl S oy i Sl
Gl Ak e (G Ao YO 4 o
s Il e (g 5l ke dilate 3 sddisy3 0
55 VV0 4 VY s EV) & TA0 Sl e i
bl (e 5 b oo Gl 31 5 S s AMBA 4 VYA
(et ol o 355k 5 A8 Al Csew LAl Hlude
3 Al S gl s BT o e Al L
A 53 (Fon (S 1 R5) Sl Bl S5 g 50
bl -4) S8 s Lol i o5t by (ol
el 4l Sl s e (o
5 (V dade) K8 O pleed oS5 war 5L
Vsl ST dsdr 50) S Jste plend S S
5 (Sl OATpe G55 oy /0 5 0 S S5y Ao
6 Aals 5 anes (il -0 JSE) aals 5 il
GSas V1) OF s ol oy el S350 b )8
Szl il e 5 S B e 4 Cad
G MABYVY o e 1) e ldis 5 50 5 S5 5
3 Somnd S Fl pedled cwl xSl
(i ) e e 5kl 53 i S
G V) b 5w s 8055 0 S5 20 550k
GSes V) B Y10 o Lo 1) iw Uiyl Com e

ol sl

HAZ s ks sl (=) 5 (Qill-a) IS5 s
(0 =8) 5 (0 =) K5 s a5 s 355 e stalie
e ol W 353 e sdalin HAZ s oy Jlile
o P gled oS 5 S sl el pl @ OIS o
(A JS8) Sl S Ao 53 Y0 (sl 505 b aS (gla sl o
Ol eSS S5 4 ol 0l $3 5 5 OS5
el ol S5 (S Sos Aed EY sl o)
JS) el &gl 53 e Clle bt S 5 e dlow
(Gl 05 (555 103 S5 45 (1S 503 omy (1A
Laged ple o bl ccwl 55 S35 ey YV 54
G P s S e (o8 o 8 sla )
Jador Gillas 5 Sl Oy S0 0 S 5 51 28 o
NS oS et S e 53 S e oY)
HAZ 5 ks jletle s een &l (G55 Loy
g 0 odalie
Joe s o b 500k sl e wa 5L
i (V) B0 sl Ko Gl 5 (8 Jsis) Ll
SOLLS AT 5 S ke 3l 8 slaS6 (55 51 S8
02 ol 5 Als Wb Coen Sl a6 s
Sb s ol s b e e Lol Sl
A8 5 Bleg oAl 5 i SIS B Ly )lS
LopS Mo s ol ol LS5 O 50 b o S )8
05 e (Y sdr) S e J ke 5o O e

Ko o:_,.:u.;jj.wjb

’f" ‘JAoJLo.J:fJJJwaJLw

e 5 g e ekige o



\A)

oy et cboos =L 2015 O ol =L il ol

111]?? Fele:  EnlLine Int | Woo | A% | ZAF
o Si| Ka 2216] 674 | 1260 | 0.6757
Cr|Ka 28 | 016 | 016 [12292
a0 Fe| Ka 9348] 0220 | 86.74 | 09877
Mo|La 11.8] 091 | 050 |0.7568
— 100.00 | 100.00
T00. Feki:
0.
Collee
102
400
Sik
0.2
200
oL
1002 ol i Fekp
ik
0= ¥ =
a a

SEM HV: 15.0 kV WD: 13.08 mm Lol |

SEM MAG: 5.00 kx Det: SE 10 ym
View fieid: 41.5 ym _ Date(midly): 09/05/18

1 Fele
Int
] El Line Imi [ W% A% ZAF |,
00 Si_Ka 352|815 15.06 06780
] Cr Ka 17007 007 12206
] Fe Ka 1199]9085 844 09851
Mo La 155|093 050 0.7526
00 100.00 100.00
150 crike
] Sike
1000

, N\
SEMHV:150kV | WD: 13.05mm
SEM MAG: 5.00 kx Det: SE
View field: 41.5 ym | Date(midly): 09/03/18 RMRC

MIRA3 TESCAN|

ke 10

S Bl Jrgr b 3 ol s o S oo 51 28 sla3l (351 SIS il 1) S

bl § Sis ko NV sul o beddsaos )

o]
Ini
0]
1 Fele
3300_: Eli |Line| Int | Kr | W% A% fopy A
. € | Ka [48.9]00426] 1736 47.23 e
] 5i | Ka p33.000529] 765 | 890 N
=00 Te | Ka 926.40.6964]74.99] 43.58
E o:7939/100.00(100.00 ™
- ™
o Sk
3 Pearlite
1500 ‘
7 \
1000}
00— Fekp
] — T e X
i y ' y S
] 5 LRI e ok 200 i Dateimayy: 120818 View fokd: 208 ym_ Date(miy): 120618

beddis,05 25 Ol Bpmd (oo 553 ol 5 S s 51 i Gl (55 SIS b Y IS

Cobl S S35 Aoy YO sl 5o

Mo 5 (5 e pkige & i

]f" ‘JJAJM:'AJJJWJLA



S0 3V Al ddal 8555 Sl s o 43 oS 3 SlAes ]

ggg T s 5 e ailais -
750 B L) J>e /,/’
700 -
650 +—>tinear (== 5t St wk) -
600 <+ Linear (Jlas! J>w)

530 <-»Linear (x> 5b)

)
o
S
S

Sl S SisdennVr boag SlS i e Yo L sy

oI (6535 05 SIS s b Allaie 4 e 5 5V S Adal S e 535 05 S ge Sl S 3 e oy BLSI Y IS

s olie (I L(0) e s o dlew

adbie Hltlen, (Sis Aoy YO U o 3l Sl S
Dl Dllens @ e B s e less
(W) S s Sgysba cwl os S lag bl S
5o (dals 5B L el 5) RRAR SIS FE S GANE Eg
WS I3 555 e eaalie 558 il S il ol
JS2) Sl S 3 5 3L edd655 5 5 LK s K gad 2
LB (S 0az) ol 5 s L (g5 5 glacdl 5 (A
o360 n Kd e sl o Ll Ldnes cdalis
(=8 JS2) Bl S os s A V0 sl
sdalie LB Jlail fo 53 = U 558 il S
Sl o a803m 13 GG o L L5 (piomen Lun
crosn (Om8 JS2) CBlS oy Sis A YO
S ks g Il e el (558 glacsl S
A GRS S el e e sdalie LB os
Looddsoos ) o s 225 el
Sl Gl @ Oly e 1) Sl S o g slAae 5l 3l
85 g | Il i il 5 e

sly cdd

b ool sl Wl sle Jlaes| L;LAD:;KA
gjsgu:éljfcla.‘j\&;;sqwld&ﬁéjﬁlwﬁjl
a5 s e e a8 a5 (als ol S Sl
6(); _la;b..:&jo.,\aﬂ Jb‘) u‘u\ﬁ ul:fjlﬁjb UJJSC,JGJ&
Sl L esdlen 5 ol ol g 3l il § LSS
S8 sl eSS o son Sl S (S S
e s sl cll S s Seale s s sl
.JﬁoMLﬁu
LASM@MLLA RSEE'ES) d)&.&? rbu\ rKJs
LL;.J‘}j Aoy Yo U JM )‘ sl«_&‘;f BEEY] )L)..S.d u;'...a_b,%\
G L () Jads 5l s cml s g S oiS
23 Sl S ng e Jaall b aS 5 pd e sdalie (VE)
f:'sl.)‘}cb;.:)'_}-l»ﬂ)b\'@jujli‘y‘}éngb.ﬁ)bﬁ
G g s edig K anks  2AS ¢L<>=:Ml
S Olgea S8 Odr LAES (al.(x:,»l Sl 5l xS

75" g;y&.‘i‘[y;}w‘ﬂ,«

Slye s S iplie mdign 2



AN

oy e ol o =i 23l O olS =3 i o]

&

[el)
(@)

0 oS ot ST 2

2l iS1a>)
\‘
(6]

4— _»

70 + I
1 .

765 + —
V4 -

3 60 58 —
B u

55 + . . .
dald & gad Sl S AL oy T R A BT
bl S el S

L boddsa g ns S 1 i8S ool Sl 5 5V 53 ol 8ad 85l 35 53 3 sm e Sudl S g e 0 LLESIVE IS

;:.L.Rj;))S;)bﬂ).}ﬁ))W\;)Jﬁ)|@&“ﬁ|lJY

e (s e ol Bl 15 QJ,AT B)
2o M b s Baily edi(g505 05 OSS r

&”M‘M‘J&QWSJ}SSJLﬁ)Jﬁ)D@‘ﬁ

Sl oSy 8 5L gk 355 S D4 )3

03,5 Sl S o Bl e ol g il S 3
e Pl Grasn s e ST s ol
3N VY w5 S TY et p 25 K s
g SIS 0A 5| 228 oot ST BLS
L e ool el il JISALE VA
Wl Bped bl ol axdls s alaly lSoud
G V) S o (eliisio 5 25 SO )
G 305 4 Cod (UKL AO) iy e

R RS RS T PN TS L

dals

& S domi
5555 b o3 g 55 S 3 g slde Sl tasn cpl o
2 Bl oy Rl Olsea VB L Gia
PURNCIW RS |V S AR R C ST S YR SNT-3| L pes
K Db RIS (Sl Sl o e e
Sl Bdls (sla o 5 b (5035 25 LS Sl 5 JS
s Ao VO Ly 5 S S5 doyn YO U o
el o anslie SV Sl kel 5558 S5l 3
S e ) 3 S b
(s Ao YO U v 5 bl S pap Slade il 33l LY
O kS Vs A5l Bkl 558 )b e 2y 2
G b (1S el S 15 e e
L (KL VA B oA 5l s ja) eldsop 05
AO) dals (S Ol A4S el Sl
pade S8y (LS

el

1. ASM Handbook, "Welding, Brazing, and Soldering”, ASM International, Ohio, USA, Vol. 6, pp. 20-26,

(1993).

2. Mirhedayatian, S. M., Vahdat, S. E., Jelodar, M. J., Saen, R. F., "Welding process selection for repairing

nodular cast iron engine block by integrated fuzzy data envelopment analysis and TOPSIS approaches”,

JE o ‘_}JAJL«J;'A_}JJWJLA



S0 3V Al ddal 8555 Sl s o 43 oS 3 SlAes ] AY

Materials & Design, Vol. 43, pp. 272-282, (2013).
(A VYA (OO (53, e ibige ¢ ilisn Ghlia 5> (53,0 3 qalis slaate VT (5 68" 00 s 5 by Y
(OO (ol Lo UG lane 31 eslitd b Jasesns 5 dur 31 Olpl 55 5Y 55 5 Al W5 Il " €O (gdem 5 ) s
OYAA) QYY)
25 SIS g asy Gpas 3l dhe - (Sluls ) il IS0 55 glaah Sl e " e e > e i S G50
QOTAY) AE=VY (1) a3 o i3 Jame (S350 555 5 p ok aalllad " (555
6. Marandi, S. M., Ghasemi, M., Shahiri, J., "Effects of Partial Substitution of Styrene-butadiene-styrene with
Granulated Blast-furnace Slag on the Strength Properties of Porous Asphalt”, International Journal of
Engineering, Vol. 30 (1), pp. 40-47, (2017).
3155V Sl sl 25 Al T bbb Sty s Slas (ARE ST 5" g o ol g s g s 25 csaml Y
QT FAYY () passler Jbo (Ji 5 Jam aolitags P
Al bslsa 53 L5 0 Sl Olsisar 258 S 5 3V 505 sbasil oy 35380 130 bl e ol ol el o Tissli= A
OYAV) A E-) AT ol asldeas M sl
OSSN e e S NS ke sl 05 AT bl sl sl s Slas 2" oSG L 5 cp (il o (2 mms A
(T40) EY=YY () o35 Sl ¢ J& 5 Jom laistlu ) wige aloes
Y 5ol pmeiign alome ! midal T 53 b S S e 0508 SN 5L a5 ol ws sl ep (Sl g wsenl e
OYVW) X-y (v
(1Y80) (Y=Y 0 Y b ol anlihad Moy 56 (5LesV s 215 55 ol el oot e g nye )
12. ASTM, E384, "Standard Test Method for Microindentation Hardness of Materials”, ASTM International,
West Conshohocken, PA, pp. 1-40, (2017).

FEx ‘J;yw‘/sj;ijL,« Spo s sy llio pokige ol



JE e 4})4)M‘fij‘;w‘,/Lw )/j”‘j(_fjjj'j[:"‘;"‘/w‘;:'fb

¥ (TinZrzsBezsFes)ssCur w5 b muilid 4l (Slodgi Bygol SWT F3595 4 cwglio 9 ol > sy ow) y

Vsl Lo ol O 0ls b koo 1,25

oS>

S
Sl oslézal b cilisis Jaloms 53 40 OF S350 Sl 5 o)=Ll lotle (TiarZrosBessFes)osCUr S b (chos s byl JUT 37 I
ol 5 (Sl alo ey b G STt alllon Sl | g iy 5 A5 5 ) i )5 S0 i e 500 K 3y A
Ll L JUT ) ok st Sy sl OLL (olos U i g irle S Sl o cigod e 5 Sy sl alm o o8 gz me 303 OLES (Sloclizey
Sy s eigs S5 Sl mlin 255 o 110 e UNACT b o w0 i 5l o palls oo o/ ol (S350 O
S Caslée s als (Sl g 43 4;/’)-/m,j;ﬁﬁgufyj}-é/@/ﬁawﬁ“;a,;_.,u, b3 pdoms o JUT il SL .o

L odalie
S ol ((Kush (gol l, (olis by Gl s Gl SUT (Sl (solg

Investigation of Thermal and Corrosion Behavior of a Ti-Based Bulk Metallic Glass with
Composition of (Ti412r25Be23Fee)930u7

Z. Jamili Shirvan Gh. Heidari

Abstract

Structure, thermal and corrosion behavior of (TisZr2sBessFes)ssCuy bulk metallic glass in two different solutions
were studied using X-ray diffraction pattern, Vickers micro hardness test, Differential Scaning Calorimetry and
tafel polarization methods. The amorphous samples were heated up to the final temperature of crystallization. It
was revealed that the studied alloy has complex crystallization behavior including 5 steps of crystallization.
Crystallized phases of each crystallization step and its hardness were identified. The studied alloy with corrosion
current density of 0.4 uAlcm? in 3.5wt % NacCl solution is a suitable candidate for engineering and biomedical
applications. Heating the samples in super cooled region showed insignificant changes in corrosion rate. An
obvious decrease in corrosion resistance was observed in samples heated in crystallization region.

Key Words Ti-based bulk metallic glass, Thermal behavior, Crystallization, Corrosion behavior.
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Removal of Arsenic from Pregnant Leaching Solution Using Electrochemical
Coagulation Method

S.M. Moosavirad A. Hasanzadeh-Sablouei

Abstract In the present study, the electrochemical coagulation process (electrocoagulation) in the mining industry
to remove arsenic ions from the charged leaching solution of PLS (copper processing plant) has been investigated.
Samples were obtained by simulating the leaching process by adding trivalent arsenic salt (NaAsO2). The effects
of three independent parameters such as pH (X1), electrolysis time (Xz), current density (Xs) were investigated
using the response surface methodology (RSM) to investigate the removal of arsenic from PLS solution. This
design includes 17 sets of experiments using electrocoagulation system. In this study, the Box-Benken test design
in the response surface method with three numerical factors at three levels was investigated to investigate the
interactive effect of process variables to evaluate the efficiency of arsenic removal from leaching solution using
electrocoagulation method. The optimal conditions for the electrocoagulation process were determined at pH
6.50, electrolysis time: 114 minutes and electric current density of 65.3 A/m?, with a removal efficiency of 96.88%.
The results showed that the ability of electrocoagulation process as a reliable method to remove metal ions,
especially arsenic ions from the effluents of the mining industry, especially in mineral processing plants is very
desirable.

Keywords Pregnant Leaching Solution, Electrochemical Coagulation, Arsenic, Response Surface Methodology.
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Novel High-Cycle-Life Soft Actuator Using Silicon Elastomer Matrix and Ethanol

H. Zamyad A. M. Ebrahimi S. Sahebian  J. Safaie

Abstract

The application of conventional actuators such as hydraulic and pneumatic motors and artificial muscles is limited
in many areas due to their heavy weight, large dimensions, and excessive noise. In recent years, many researchers
and scientists have conducted extensive research to introduce a new generation of smart, inexpensive, small, and
lightweight operators. In this research, a soft robot with a fast response, using a polymer composite with silicon
matrix and ethanol as a phase-changing fluid (secondary phase), was made. Its kinetic behavior and temperature
response under several periods and working cycles were investigated. Due to the electrical actuation and the
internal pressure created inside the microcapsules containing ethanol, which are randomly distributed in the
composite matrix, at the ethanol phase change's temperature, the mechanical force required to move the soft robot
is provided. The evaluation of soft robot dynamic operation showed optimal response on the first and second
working days (8.55 and 6.2mm of displacement, respectively). Also, the external and internal temperature of the
composite indicates the temperature stability of the material, which respectively reached a maximum of 48 and
81°C. Also, at the end of the actuation period on the seventh day, the material had about 11% weight reduction
due to ethanol loss, which indicates the desirable performance of the composite in terms of storage and retention
of the phase-changing fluid.

Key Words Soft robot, Dynamic operation, Phase change fluid, Silicon, Ethanol.
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MIRA3 TESCAN

WD: 10.76 mm
View field: 277 pm Det: SE
SEMMAG: 500 x | Date(m/diy): 09/09/20

SEM HV: 10.0 kV
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Predication of Hot Flow Behavior of Micro-Alloy Steel Using
Modified Johnson-Cook Model

H. Ahmadi H. R. Rezaei Ashtiani M. Heidari

Abstract

Constitutive models can be used as a powerful tool to predict the complex behavior of materials under different
deformation conditions. These equations can model and control the flow behavior of materials with appropriate
accuracy by considering the parameters affecting the behavior of the material. In this study, a modified Johnson-
Cook model has been developed to predict the hot working behavior of L80 micro alloy steel at various
deformation parameters such as temperature, strain rate, and strain. In order to develop this model, experimental
data related to hot compression tests at a temperature range of 1173-1373 K and strain rates of 0.001-1 s have
been used. The results of the microstructure correctly describe the flow behavior of the material. The results show
that the developed model, taking into account the softening effects of temperature as well as strain and strain rate
hardening, provides a good prediction of the hot working behavior of micro-alloy steel and this developed model
can be used to simulate the production processes of this steel at high temperatures.

Keywords Constitutive equation, Modified Johnson-Cook model, hot deformation, Flow stress, Microstructure.
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Fatigue Properties of Inconel 625 Alloy Parts Manufactured by Wire Arc Additive
Manufacturing Method
G. Pirouzmanesh M. Sharifitabar M. Shafiee Afarani

Abstract

In the present study, Inconel 625 alloy walls were fabricated by wire arc additive manufacturing method.
Microstructure, hardness, tensile properties at room temperature and 700 °C, and high-cycle fatigue strength in
both welding and building directions of samples were evaluated. The microstructure of the wall contained
dendritic Ni-based solid solution along with MC carbide, Laves, and delta inter-dendritic phases. Moreover, the
Vickers hardness value decreased from 380 HV near the substrate to 300 HV in the top layer. Also, yield and
tensile strengths along the welding direction were 6.6 and 8.6% higher and the elongation was 23% lower than
the building direction, respectively. Furthermore, fatigue test results with the stress ratio of 0.1 showed that the
number of cycles to failure was slightly higher in the welding direction. Fractography of the samples illustrated
that all fatigue cracks initiated from the surface. This confirmed the soundness of the walls manufactured by this
method.

Key words Inconel 625; high-cycle fatigue; Additive manufacturing; high-temperature strength.
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Characterization of the Effect of Type and Amount of Acid and Base Catalyst on the
Crystallization and Morphology of Mullite Particles Synthesized by the Sol - Gel Method

S. M. Hosseini Hosseinabad F. Darvishian Haghighi,  S. Mollazadeh Beidokhti
A.R. Kiani Rashid

Abstract

The current study aims to investigate the effect of the type and amount of acid and base catalyst on the
microstructural properties of mullite phase particles prepared by the sol-gel method (3A1203-2Si02). Nona-
hydrated aluminum nitrate (ANN), Tetraethyl orthosilicate (TEOS), ethanol, and water were used as starting
materials. After the precise preparation method, obtained gels were dried in an inert atmosphere and heated with
specific heat treatment (cycles or temperatures). DSC analysis was used to identify the proper (crystallization
temperature of the particles). X-ray diffraction pattern (XRD) and scanning electron microscopy (SEM) analyses
were utilized to investigate the phase crystallization and morphology of the created phases, respectively. XRD
analysis showed that mullite is crystallized in all samples with acidic or basic catalyst. However, based on the
results, single-phase mullite crystallized only in the presence of the optimal amount of acidic or basic catalyst.
According to the SEM results, the samples synthesized at acidic pH had plate-like morphology, while basic samples
had spherical morphology. Furthermore, increasing the concentrations of the catalysts did not affect the
morphology of the particles. However, the type and the concentration of the catalyst had an impressive effect on
the crystallization of the mullite phase.

Key words Sol-gel, Mullite, Catalyst.
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Fig 2. DSC-TG results of the synthesized sample
s at pH=0 (w0).

The SEM analysis was performed to characterize the
microstructure of the samples synthesized in the presence
of different acid or base catalysts. Based on the SEM
results, the samples synthesized in acid conditions with
constant pH have plate shape morphology while
synthesizing the particles in base pH resulted in the
formation of spherical morphology. SEM images of the
w0 particles were depicted in Fig 3 and 4.
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Fig 3. SEM images of the synthesized samples at pH=0 (w0)
heat-treated at 1250°C.
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Fig 4. SEM images of the synthesized samples at pH=0 (w0)
heat-treated at 1550°C.

4. Conclusion

XRD analysis showed that mullite is crystallized in all
samples with acidic or basic catalyst. Furthermore, the
mullite phase created at 900 and 1100°C were grown up
with increasing heat treatment temperature to 1250 and
1350°C. The DSC-TG results also showed that the
temperature of the formation of the transformation phases
was completely dependent on the homogeneity of the Al-
Si compositions during the sol-gel synthesizing process.
Based on the SEM results, the samples synthesized in acid
conditions with constant pH have plate shape morphology
while synthesizing the particles in base pH resulted in the
formation of spherical morphology. In addition, some
small alumina phases were found in the samples
synthesized in acid pH, which were created during
heterogeneous nucleation. In conclusion, comparing the
results showed that the samples synthesized in constant
acid conditions have better chemical and physical
properties.
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1. Introduction

High temperature (synthesizing) routes are the most
common methods for synthesizing the mullite phase
containing ceramics. However, it is possible to synthesize
mullite containing compounds at lower temperature via
the sol-gel method. Synthesizing the mullite ceramics via
the sol-gel route is dependent on some factors such as
homogeneity, pH of the precursors, type and amount of the
catalysts, hydrolysis and condensation rate, time of aging
and drying, and heat treatment cycles. Among the
mentioned factors, changing the pH during the sol-gel
process could change the chemical and physical properties
of the final product. Utilizing different amount of acid and
base catalysts is the easiest way to investigate the change
of the pH variations during the sol-gel process. The effect
of the change of the pH during the synthesis process on
the chemical and physical properties of the final ceramics
has not been studied yet. Therefore, the current study aims
to investigate the effect of the type and amount of acid and
base catalysts on the microstructural properties of mullite
phase particles prepared by the sol-gel method.

2. Materials and Methods

The mullite particles were synthesized via the sol-gel
route. Nona-hydrated aluminum nitrate (ANN), Tetraethyl
orthosilicate (TEOS), ethanol, and water were used as
starting materials. After the precise preparation method,
obtained gels were dried in an inert atmosphere and
heated with specific heat treatment cycles at 900, 1100,
1250, 1350, and 1550 °C. Differential Scanning
Calorimetry and thermogravimetric analyses (DSC-TG)
were used to identify the proper crystallization
temperature and weight loss of the particles. To
investigate the phase crystallization and the morphology
of the created phases, X-ray diffraction pattern (XRD) and
scanning electron microscopy (SEM) analyses were
utilized, respectively. All sample codes were introduced in
Table2.

3. Results and Discussion

The XRD analysis was performed to study the effect of the
selected acid or base catalyst during the sol-gel process of
the particles and heat treatment temperatures on the
crystallization trend of the synthesized samples.

Table 2. Sample Codes

Synthesis
Sample code Condition
Synthesized sample
NA AR .
in acidic condition
Synthesized sample
NB in the base
condition
Synthesized sample
WO at pH=0
Synthesized sample
w13 at pH=13

The XRD results of the W0 samples heat-treated at 900,
1100, 1250, 1350, and 1550 °C were depicted in Fig 1.
According to Fig 1, the samples heat-treated at 900 and
1100°C had amorphous nature. Thermal treatment of the
samples at 1250, 1350, and 1550 °C led to the
crystallization of the samples. Therefore, the
crystallization of the mullite phase created some sharp
peaks in the XRD graphs of the samples.
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Fig 1. XRD results of the synthesized samples at pH=0 (wO0)
heat-treated at 900, 1100, 1250, 1350, and 1550 °C

Fig 2 shows the thermogravimetric and Differential
Scanning Calorimetry (DTA/TG) results of the WO as-
synthesized particles. The whole weight loss of the w0
sample during the test was approximately 61%. The first
endothermic peak at the range of 150-220 °C could be
attributed to some endothermic events such as water and
ethanol evaporation, dehydration, and removal of catalysts
and nitrate groups. The mentioned event caused
approximately 58% drop in weight. The second weight
loss which is 2% was attributed to the hydrolysis process
and oxidation of the remained organic OR groups.
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and also segregation of aloying elements into the inter-
dendritic region.

Stress-strain curves of the samples extracted in welding
and building directions are shown in Fig. 3. It is observed
that yield and tensile strengthsin thewelding direction are
respectively 6.7 and 8.6% higher than the building
direction. With increasing the test temperature to 700 °C,
the yield and tensile strengths decreased to 275 and 521
M Pa, separately.

800

Stress (MPa)

Welding direction- RT i
- Building direction- RT
s Welding dircetion- 700 °C

1) FEEES FEEEN NS P SRS FEE S S e
0 005 01 015 02 025 03 035 04 045 05

Strain
Fig. 3 Stress-strain curves of the samples extracted from

welding and building directions at room temper ature (RT)
and 700 °C.

The SN curves of the alloy tested in the welding and
building directions areillustrated in Fig. 4. In the selected
range of stress amplitude, both directions showed similar
fatigue properties at high stresses. However, the number
of cycles to failure was higher for the welding direction
than the building direction at low stress amplitudes.
Fractography of samples confirmed that all fatigue cracks
initiated from the samples’ surface.
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Fig. 4 Stress-strain curves of the samplestested in both
welding and building directions

4. Conclusion

The microstructure of the Inconel 625 alloy wall
manufactured by WAAM method contained Ni-based
solid solution dendrites along with Laves, delta and NbC
inter-dendritic phases. Mechanical properties of the
manufactured wall were dightly different in the welding
and building directions. Moreover, high-cycle fatigue
strength of the aloy in the welding direction was better
than the building direction, especialy at low stress
amplitudes. Fractography of the samplesillustrated that all
fatigue cracks initiated from the surface. This confirmed
the high quality of the walls manufactured by this method.
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1. Introduction

Additive manufacturing, also known as 3D printing, is a
new computer-controlled method used for the fabrication
of the metalic, polymeric and ceramic parts. In this
process, the desired part is manufactured by layer-upon-
layer depositing of material. In order to make metallic
parts, various heat sources such as laser, electron beam,
and electric arc are used to melt materials in the powder
and wire forms.

In recent years, gas metal arc welding (GMAW) is
used as a 3D printing process due to its high deposition
rate, and protection of weld metal by an inert gas. This
process is known as wire-arc additive manufacturing
(WAAM) method. Amongst different alloys, Inconel 625
isaNi-based aloy used for high-temperature applications
in the aerospace and military industries. Previously, the
effect of heat treatment on the microstructure and
mechanical properties of the Inconel 625 alloy walls
manufactured by WAAM process was evaluated.
Continuing that research, this study deals with the fatigue
and high-temperature tensile properties of the Inconel 625
aloy.

2. Materials and methods

The Ni-Cr-Mo3 welding wire (ESAB) with 0.8 mm in
diameter was used for fabrication of Inconel 625 alloy
walls on the surface of 304L stainless steel substrate.
Deposition of the melt was conducted using a MIG
welding apparatus. The welding current of 100A, welding
speed of 28 cm/min, and wire feeding rate of 9.5 m/min
were selected as the main process parameters. Three
different walls with 80 mm in height, 7 mm in thickness,
and 400 mm in length were fabricated by 32 overlay
welding passes. Then, structure, microstructure,
mechanical properties and fatigue strength of the walls
were evaluated in both welding and building directions.

3. Results and discussion

Fig. 1(a) and (b) show SEM macrographs of the two first
layers deposited on the substrate, and microstructure of the
interface between the first layer and the substrate,
respectively. The deposited metal is free from weld
defects such as cracks and porosity. Higher magnification
micrographs of the wall in Figs. 1(c) and 1(d) show the
formation of dendritic microstructure along with some
inter-dendritic phases. It was illustrated that the dendrites
are Ni-based solid-solution phase, while segregation of

alloying elements during solidification led to the
establishment of delta, Laves and NbC phasesin between
the dendrites.

Fig. 1 SEM micrographs showing (a): thetwo first layers
and the substrate, (b): micrograph of the interface between
thefirst layer and the substrate, (c) and (d): Higher
magnification micrographs of the wall showing dendritic
microstructure and inter dendritic phases

Variation of hardness of the wall in both welding and
building directionsis shown in Fig. 2.
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Fig. 2 variations of hardness of thewall in both welding and
building directions

The hardness is almost uniform aong the welding
direction due to the development of the uniform
microstructure. In contrast, the hardness decreased with
increasing the wall height dueto increasein thegrain size,
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The comparison between the measured and predicted
results by the modified Johnson-Cook model at various
conditions for micro alloy steel is shown in Fig. 2.
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Fig. 2. comparison between the measured and predicted
results by the modified Johnson-Cook model

This figure showed that the hot compressive behaviors
of studied steel significantly depend on the dynamic
recrystallization as a key softening mechanism. This
mechanism results in a complex flow behavior in the form
of multi-peak and single peak curves under different
deformation conditions. it can be seen that the modified
Johnson-Cook model could correctly predict the flow
behavior of steel. So, there is a suitable correlation
between the experimental and predicted data. At the strain
rate of 1 s, the modified model has completely accurate
predictions under different deformation temperatures.
However, at other strain rates due to severe changes of
flow stresses as single peak and multi peaks curves, the
modified model cannot comprehensively indicate the
softening behaviors of micro alloy steel.

4- Conclusion

The investigating of the hot deformation behavior of the
micro alloy steel under hot working conditions indicated
that the dynamic recrystallization phenomenon was the
main deformation mechanism at the entire forming
conditions that depicts its effects on the stress-strain
curves as multi and single peak flows. In addition, the
developed Johnson-Cook model was capable of predicting
the flow behavior of studied steel, especially at the highest
strain rate.
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1 Introduction

Micro alloy steel is one of the medium carbon steels,
which are commonly used as seamless tubes in the gas and
oil industry. Generally, the seamless steel tubes are
manufactured by hot forming processes such as hot
extrusion and hot rolling. During the production process,
microstructural changes and phases transformations occur
which affect the mechanical properties and corrosion
resistance of steel tubes. Therefore, understanding of hot
working behavior of these steels could be helpful to
fabricate components with desired mechanical and
metallurgical properties. The thermomechanical processes
of materials exhibit complicated behaviors at deformation
variables that produce high-quality parts with desire
mechanical and microstructural characteristics.

Most of the researchers have extensively used
mathematical and empirical models to predict the hot
deformation behavior of materials under complex loading.
Therefore, different models are proposed to exhibit high
accuracy of hot flow behaviors. These models are used as
computer codes to simulate hot forming processes under
different strain rates and temperatures. Constitutive
models are generally divided into different categories
including empirical, phenomenological, physical, and
numerical models to predict different behavior of metals
and alloys. A large number of researchers, based on the
experimental results, have developed the Johnson-Cook
model to predict the hot deformation behavior of
materials. The effects of deformation temperature, strain,
and strain rate were considered in the different terms of
the model. However, due to the significant effects of
dynamic deformation mechanisms like dynamic recovery
and dynamic recrystallization on the hot flow behavior,
the modifications are considered in order to increase the
prediction accuracy of the Johnson-Cook model. The
modified Johnson-Cook models can indicate accurately
the hardening and softening behavior of materials at flow
stress curves under different complex conditions.

The main aim of this work is to characterize the high-
temperature deformation behavior of micro alloy steel
through isothermal compression tests under different
deformation temperatures and strain rates. Hot flow stress
and microstructural behavior of the deformed micro alloy
are investigated. A modified Johnson-Cook model for the
description of the hot deformation behavior of this steel is
developed, as well.

2- Experimental

The cylindrical specimens with standard dimensions @10
x 15 mm were machined and hot compressive test was
carried out to exhibit hot flow behavior under
temperatures ranging from 1173 K to 1373 K and strain
rates from 0.001 s to 1 s, with a true strain of 0.6. After
the compression test was completed, each specimen was
immediately quenched to maintain the microstructure
changes under different conditions. Finally, deformed
specimens are sectioned, finished, polished, and etched to
illustrate microstructure changes.

3- Results and Discussion

The microstructural analysis of the deformed specimens
of the micro alloy steel is illustrated in Fig. 1. It can be
seen that the equiaxed compressed grains are formed
under different deformation conditions describing the
dynamic recrystallization mechanism that occurred during
the hot compression tests, compared with initial
morphology. Therefore, dynamic recrystallization plays
an important role in the hot flow behavior of micro alloy
steel.
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Fig. 1. Optical micrograph of deformed specimens.

The modified Johnson-Cook model was purposed to
indicate the predominant hardening and softening
behaviors and the effects of deformation parameters on the
flow stresses of the micro-alloy steel, considering the
effects of strain, strain rate, and deformation temperature.
Finally, the developed Johnson-Cook model is obtained
as:
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increases. At the end of the fifteenth working cycle, the
amount of longitudinal displacement reachesto 11mm.

3-2 The aging effect on motor behavior and
temperature response of soft operator. The silicon
structure is not closed; so, ethanol gradually passes
through the polymer chains under internal pressure and
leavesthe composite structure. Therefore, the movement
ability becomes limited, since the ethanol phase
changing is the reason of actuator expansion. On the
other hand, ethanol is a powerful energy absorber;
Therefore, its removal from the composite structure will
lead to a temperature increase in the actuator .Table 1
shows the related aging effect. Based on the recorded
data, the ethanol removal from material structure during
different working days was led to limited actuator
movement and increased temperature (except for the
second day). It should be noted that the increased
operating temperature causes structural damage in the
composite gradually.

Comparison of surface and internal
temperature of artificial muscle on the first day
85
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Fig. 1: Temperatureresponse of soft robot tothe
successive cycles on thefirst working day
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Fig. 2: Dynamic operation (L ongitudinal displacement) of
soft robot in successive cycleson the first working day

Tablel: actuator mass change (due to ethanol release)
and comparison of motor and temperature response on
different working days

Second | Fourth

Working days First
Sample mass at the
end of 15 working
cycles (%)

Average of
maximum 8.55 6.2 3.61 2.85
displacement (mm)
Average of
maximum core 789 73.1 81 81
temperature (°C)

Seventh

95.16 | 91.82 90.15 | 89.02

3-3 Microscopic structure of the composite. to evaluate
the microscopic structure of the soft robot, the composite
was refrigerated and broken after 15 excitation cycleson
the seventh day, and the fracture surface was observed
using FESEM. As shown in Figure 3, ethanol is
homogeneously distributed inside micron-sized capsules
with smooth surfaces (Figure 3-a) and larger air bubbles
(Figure 3-b).

(b) -

Fig. 3: Microscopic structure of silicon/ethanol
composite on day 7 after 15 working cycles
a: Smooth microcapsules with micron dimensions
b: Air bubbleswith millimeter dimensions

4- Conclusion

In this study, a composite artificial muscle was made of
silicon elastomer as the base matrix and ethanol as the
phase-changing fluid. The results of study showed that
by electrical stimulation of the composite on different
working days, ethanol is gradually removed from the
structure of the actuator and as a result, the temperature
of the materia increases and the ability of dimension
changing decreases. Despite the relative increase in
temperature of the composite core, the material showed
good thermal stability. Also, based on the observations
made on the microscopic structure of artificial muscle
using FESEM, it was found that ethanol was
homogeneously distributed throughout the silicon
matrix.
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1- Introduction

Movement mechanisms in biological systems have
always inspired engineers to design and develop multi-
purpose robotic systems. The innovations and creative
results of this have led to anew field in robotics, called
“soft robots’, with special features compared to
conventional ones. The structure of ordinary robots is
composed of high-strength durable materials e.g., steel,
stainless steel, aluminum, titanium, etc., while the soft
robots are made of very high tensile materials such as
polymers and rubbers.

In the present study, an independent integrated soft
operator was developed to produce a mechanical force
by the liquid-to-vapor phase changing of a secondary
component in the polymer structure. It responds to
electrical stimulation, and introduces a new generation
of soft and powerful actuators without any external
independency.  Composite  characterization  and
evaluating of its chemical-structural relationship are
indispensable for engineers who work in this domain.
Therefore, an elastomeric composite was made with the
optimal ethanol volume and the motor behavior of this
artificial muscle was assessed in different working
cycles during severa days. Moreover, the core/surface
temperature of soft actuator was evaluated as a key
factor along with its motor behavior.

2- Materials& Methods

2-1 Material. For a polymer matrix selection and the
related phase-changing fluid, several aspects were
considered, e.g. polymer mechanical properties, boiling
point of the secondary phase and matrix-fluid chemical
compatibility. Finally, two-component silicon elastomer
(silicon and hardener) and ethanol (with a purity more
than 99.5% and a boiling point of 78.32°C, “Sigma
Chemistry”, Iran) were used as a composite matrix and
a phase-changing fluid, respectively. Also, to generate
joule heat, a spring-shaped nickel-Chrome (Ni-Cr) wire
resistance (0.25mm) was embedded inside the actuator
for electrical stimulation.

2-2 Composite fabrication. Based on previously
reported research in Columbia University, a silicon-
ethanol composite was prepared by mechanical mixing

with an optimal amount of ethanol, which has been 30%
volume. After 5min mixing, the hardener was added
with a ratio of 1/50 related to the silicon weight and
mixing was continued for 2min. Then it was cast in a
polymethyl methacrylate mold with 90x15x15mm
dimension. A 75cm spring-shaped Ni-Cr wire was
embedded in the center of the mold and then cured 4
hours at room temperature.

2-3 Data recording hardware. To investigate the
surface morphology and size of cavities inside silicon-
ethanol composite, Field Emission Scanning Electron
Microscope (FESEM) was used under 10KV
accelerating voltage. The sample was refrigerated and
the fracture surface was coated with gold spray before
scanning, in order to prevent electric charge
accumulation over the surface and create a high-
resolution image. The R&S NGPV power supply was
used for electrical stimulation. 12 watts electrical power
(20V/0.6A) was applied in each cycle. To measure
core/surface temperature of actuator during each cycle,
Pt1000/LM35 sensors were applied, respectively. A
digital camera was also used to record the soft robot's
movement. In order to simplify and ameliorate the
accuracy of monitoring, the camera was placed
perpendicular to the sample and record muscle
deformation during the experiment.

3- Results

3-1 Motor behavior investigation and temperature
response of the soft actuator on the first working day.
Figure 1 and Figure 2 show the temperature and
movement response of the composite actuator in 15
successive working cycles on the first working day. The
temperature  changes regularly;  however, its
displacement varies in different working cycle.
According to Figure 1, due to electrical stimulation and
joule heat, the actuator core/surface temperature change
in the range of 55-80°C/40-47°C respectively. The
larger core temperature range (25°C) compared to
surface (7°C) could be related to the intense heat
exchange of the actuator surface with the surrounding
environment.

With 78°C core temperature, the expansion rate of
material increases due to the boiling point of ethanol. It
seems that after some working cycle, different parts of
the sample are heated enough and a higher amount of
ethanol reaches the phase transfer temperature inside the
composite, therefore, the actuator displacement
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conditions are suitable for complete oxidation at pH 7,
where these ions are highly soluble with low adsorption
ratio. Experiments were evaluated with electrolysis time
ranging from 30 to 120 min at pH: 7, and at current
density: 40 A/m2. The results obtained showed that the
optimal time for arsenic removal is 120 minutes. The
results also show that the percentage of arsenic removal
increased with increasing electrolysis time. The results
showed that with increasing current density, the
percentage of arsenic removal increased. This increased
the number of clots by dissolving the anode, which is
highly dependent on the contaminant and provides
favorable conditions for arsenic uptake. In addition, the
production of more hydrogen gas by high flow helps to
increase the flotation of coagulated materials.

One of the main objectives of this study is to obtain the
optimal conditions for maximum removal of arsenic from
the PLS solution of the copper processing plant using
electrocoagulation method. According to Table 3, in order
to optimize the test conditions, the arsenic removal
efficiency was 97.16% and these values were confirmed
by creating favorable conditions by performing additional
tests. Mean values of 96.88% of the experiments were
obtained, which was in close agreement with the predicted
values.

Table. 3 Comparison of confirmed and predicted values of
arsenic removal efficiency by electrocoagulation process
under maximum optimal conditions.

optimum
condition
Respon
se Experime  Predicte
X1 X2 X3 ntal d

% As 65 11

removal 0 4 923 96.88 97.16

Notes: Where X; = pH, X; = electrolysis time (min), X; = current
density (A/m?)

Arsenic Removal (%)

Prediction 94.5463

B: TIME (min)

A: pH
Fig. 1 Two-dimensional diagram of the optimal conditions
for obtaining maximum arsenic removal
(current density: 47/86 A/m?).

4. Conclusion

In this research, Box-Behnken test design was used to
investigate and optimize process variables such as initial
pH, current density, electrolysis time, and electrode type
for the removal process of arsenic ions from PLS solution
using electrocoagulation method in a mineral processing
plant. The results showed that the arsenic removal
efficiency decreased continuously with increasing pH and
as the electrolysis time increased, an increase in the
arsenic removal performance was observed and on the
other hand, the amount of metal ions in solution increased
with increasing current density. As the current density
increases from 10 to 70 A/m?, the percentage of arsenic
removal efficiency increased.

Based on the results, in order to optimize the test
conditions, the amount of arsenic removal was 96.88%
and in order to evaluate the optimal conditions, three
experiments were performed under optimal conditions and
the average values obtained from real tests showed the
validity of optimal conditions.
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1 .Introduction

Arsenic is a metalloid element in group A of the periodic
table and is widely used as semiconductor materials,
alloys, pharmaceuticals, preservatives and so on.
Exposure to arsenic can adversely affect the skin, liver,
bladder, cardiovascular system, gastrointestinal tract,
respiratory tract and nervous system. Mineral resources
and smelting industry in Kerman province have
historically been the two leading industries in the
wastewater production process containing various arsenic
sources. Recently, the electrocoagulation process is used
as a suitable method to remove arsenic from water. Due to
its effectiveness in rapid removal of arsenic from
effluents, electrocoagulation has attracted more attention.
In this study, Box-Behnken's BBD response surface
design was used to optimize and evaluate the effect of key
electrocoagulation process variables such as pH,
electrolysis time and current density on the efficiency of
arsenic removal process.

2. Material and Method

The samples used in this research which were obtained
from the simulation of leaching process, kept at 4°C and
used without any dilution. The values of some quality
parameters of PLS solution are given in Table 1.

Table (1) Characteristics of PLS sample prepared from
processing plant

Parameter Value
As (g/l) 4
pH 45

Samples collected from the electrocoagulation reactor are
discharged. The electrocoagulation process produces two
products, which include produced sludge and purified
water. The electrocoagulation process was performed in a
glass reactor with a capacity of 6 liters (dimensions 30 x
20 x 10 cm) and an effective volume of 5 liters. 6
aluminum electrodes with dimensions of 20 x 2 cm were
used as anodes and cathodes. The effective surface area of
the electrode was 90 cm? and the distance between the

cathode and the anode was 2 cm. During each test, the
electrodes were connected to the positive or negative
output of the power supply. On the other hand, the arsenic
removal efficiency is calculated using the following
equation:

%Y = 2= x 100 (1)

Surface response is a statistical tool that is generally
implemented to optimize the major effects of variables
that affect some responses according to the current state of
the process, and the Box-Behnken test design in the
surface response method. It is an important design tool
used to optimize processes. Box-Behnken provides
comprehensive results and accurate information even for
a small number of experiments and the interactive effects
of the operational parameters on all responses. In this
research, Box-Behnken test design in response surface
method with three numerical factors at three levels was
examined to investigate the interactive effect of process
variables such as pH (Xa1), electrolysis time (X), current
density (Xs3) and to evaluate the efficiency of arsenic
removal () of the leaching tank solution.

Table. 2 Range of independent variables and their levels

Numerical variable

Variable (unit) Level

1 0 1
Xz, pH 5 7 9
Xi, Electrolysis time (min) 30 75 120
X3, Current density (A/m?) 10 40 70

3. Results and discussion

According to the created experimental plan, 17
experiments were performed. F-value of 18.75 (Table 3)
was obtained for the arsenic removal efficiency, which
resulted in an acceptable change in the mean values.
Obviously, the prediction of the regression model was
obtained at 95% confidence interval, and also in
examining the normal distribution of data, the residual
values indicated how the model confirms the ANOVA
hypotheses. The analysis showed that the application of
these linear polynomial equations can be desirable for the
evaluation the percentage of arsenic removal by
electrocoagulation method.

Most electrochemical processes are influenced by pH,
electrolysis time, and current density, which are the most
important parameters for regulating the reaction rate. The
pH of the experiments changed in the range of 5to 7. It is
assumed that the pH range for optimal electrocoagulation
performance (using iron anode) is 5-7 and the operating
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second crystallization peak (470 °C). Considering the
overlap of the first and second crystallization peaks, it can
be said that the CuTi, phase nucleates during the growth
of the CujoZr; phase. The CujoZr;, CuTi, CusiZri4
compounds and Laves phase with the composition of
CuZr;, are observed in the XRD pattern of the sample
heated up to 560 °C. Considering the two recent XRD
patterns, it is indicated that the intermetallic CusiZri4
phase is the product of the third step of crystallization.
FeTi and CuZr; are the stable phases at the sample which
is continuously heated up to the crystallization end
temperature (635 °C). Therefore, during the middle
endothermic transformation stage, CujoZr; and Cus Zri4
were converted to the Laves stable phase with the
composition of CuZr,.

3.2. Corrosion behavior

The corrosion behavior of the as-cast amorphous
alloy and the annealed samples was investigated in two
laboratory serum solution and 3.5% NaCl solution. Fig. 2
a-b shows the TOEFL corrosion curve of these samples in
two different solutions. As shown in Fig. 2 a-b and Table
1, the trend of changes in the TOEFL curve and the results
of the corrosion in the two solutions are almost identical.
For the studied alloy in the initial state and the annealed
conditions, the current density and corrosion rate in 3.5%
NaCl solution is more than the serum solution.

In the (Ti41ZI‘25Beng65)93CU7 BMG, the corrosion
current density in 3.5% NaCl solution is 0.4 pA/cm? and
0.004 mm/year,
approximately equal to the corrosion current density and
corrosion rate of  Zr4;,Ti;3sNijoCui2sBexns and
Ti4sZrsCussNis BMG alloys. It should be noted that the
corrosion current density in AISI 316L steel with a wide

the corrosion rate is which is

application in the medical industry has been reported to be
1.316 puA/cm? Therefore, the present BMG alloy has
much higher corrosion resistance. In the serum solution,
the as-cast (Ti4]ZI‘25B628F66)93CU7 BMG alloy showed a
corrosion current density of 0.138 uA/cm? and a corrosion
rate of 0.0013 mm/year. Since it does not contain the

allergen elements, i.e. Al, Ni, it can be used in the medical
applications such as dental implants in humans.

a—— Basc (a)
| b 300-c
350 C
I 400
470«

Potential (V vs Ag/AgCl)

Figure 2. The TOEFL curves of the as-cast amor phous alloy
and the annealed samples at, a) Serum solution with a PH
near human body, b) 3.5% NaCl solution.

The data obtained from TOEFL curves including
mean corrosion current density (mA.cm?) and mean
corrosion velocity (mm/year) are tabulated at Table 1.

4. Conclusion

In the present study, a Ti-based bulk metallic glass with
the (Ti4lzr25Beng66)93CU7
successfully produced and its thermal behavior was

composition  of was
studied. This alloy has a complex thermal behavior with
five pre-melting crystallization steps. Then, the formed
phases in each stage of crystallization were identified with
continuous heating of the alloy until the end of the desired
crystallization stage. The corrosion behavior of the as-cast
BMG alloy, the BMG alloy samples after heating up to a
temperature in the structural relaxation region, heating up
to a temperature in the super cooled liquid region (SLR),
the
stage

and after heating up to end temperature

then studied.
(Ti41Zr25BeasFes)93Cuy alloy with a diameter of more than

of each crystallization was
20 mm, super cooled liquid region (SLR) of 81 K, and a
corrosion rate of 0.004 mm/year in 3.5% NaCl solution
and 0.0013 mm/year in medical serum, is an appropriate

choice for engineering and medical applications.

Table 1. Mean current density and mean corrosion velocity of the as-cast amor phous alloy and the annealed samples
which are obtained from TOEFL curves at serum solution and 3.5% NaCl solution.

5 Serum solution 3.5 % NaCl solution
5-‘3 As 300 350 400 470 560 635 | As 300 | 350 400 470 560 635
C cast °C °C °C °C °C °C cast °C °C °C °C °C °C
Corrosion
current density 138 118 107 6512 5548 5816 - 428 450 | 500 | 7432 | 5102 | 5506 | 2159
(nA.cm?)
Corrosion
density 00013 | 0.0011 | 0.0010 | 0.0622 | 0.0529 | 0.0555 | — | | 43T | 48T 709 | 498F ) 5367 2.067
10 10 10 10 10 10 10
(mm/year)
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metallic glass with composition of
(TiarZr 2sBexgFes)azCuy
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1. Introduction

Ti-based bulk metallic glasses (BMGs) are of special
interest to researchers as a result of their applications in
the engineering equipment, the aerospace industry, and the
medical industry. These BMGs have properties such as
high specific strength, low density, low elastic modulus,
and excellent corrosion resistance. The limitation on the
size production of Ti-based BMG alloys or low glass-
forming ability (GFA), is one of the disadvantages of these
materials restricting their engineering applications. Thus,
extensive studies have been performed in the two fields of:
alloying and the bonding of these materials, in recent
years. Ke Fu Yao et al. conducted several studies in the
field of design and production of new Ti-based BMGs and
succeeded in producing alloys with diameters up to 50 mm
and a wide range of super cooled liquid region (SLR). Ke
Fu Yao et al. have produced (Tis1Zr2sBesgFes)osCus BMG
alloy with a diameter of more than 20 mm and a super
cooled liquid region (SLR) of 81 K. It can be one of the
common alloys in engineering applications. BMGs have
quasi-structure at ambient temperature and tend to change
into crystalline states during continuous heating. Thus, it
is essential to determine their thermal stability from a
technological and scientific point of view. In order to
expand the industrial applications of BMGs, it is of special
importance to study their corrosion behavior. Hence, the
present study deals with the thermal behavior of
(Tis1Zr2sBexsFes)osCu; BMG alloy and its corrosion
behavior in two different solutions, in the as-cast state and
during the crystallization stages.

2. Materials and methods

Primary alloy ingots with the composition of
(Ti41Zr25BessFes)93Cuy were produced by arc melting of
pure elements of Cu, Fe, Be, Zr, and Ti (with high purity
of 99.9%) under a high purity argon atmosphere (more
than 99.99%) and in the vicinity of molten titanium. BMG
block with dimensions of 70x14x8 mm was produced by
tilt pour casting method in a copper mold. To study the
non-isothermal crystallization behavior of the produced
alloy, samples weighing about 2 mgr were cut and
subjected to continuous heating at a rate of 10 K.min'!
from room temperature to 800 °C (above the melting point
of the alloy) under pure argon atmospheres via DSC
(Netzsch STA 449 F3). The end temperature of the
crystallization peaks was detected at this rate. Then, the
samples were continuously heated up to the specified

temperatures in a tube furnace at a speed of 10 K.min™! and
then quenched in water. After the continuous heat
treatment, the structure of the samples was examined by
the XRD instrument (Rigaku D/Max-RB model) using
Cu-Ko waves. To study the corrosion behavior of the as-
cast amorphous alloy and the annealed samples, Potentio
state/ Galvano state Autolab instrument (PGSTAT 302 N,
Metrohm, Netherlands) was used. For this purpose, the
samples were tested in two different solutions of NaCl
(with a concentration of 3.5%) and laboratory serum (with
a PH close to the human body). Ag/AgCl and Pt electrodes
were used as the reference and auxiliary electrodes,
respectively.

3. Resultsand discussions

3.1. Thermal behavior. According to the DSC pattern at
10 K.min'' heating rate (Fig.1a), it can be said that the
(Ti41ZrsBexsFes)osCu;  BMG  alloy is completely
crystallized during four exothermic and one endothermic
transformation steps, and consequently has a complex
crystallization behavior. The XRD pattern of the as-cast
alloy and the annealed samples, which are continuously
heated up to the various temperatures, is presented in Fig.
1b.
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Figure 1. a) DSC pattern of the (TisZr 2sBezsFes)9sCuy
BMG alloy at 10 K.min"*heating rate. b) XRD patter ns of
the as- cast (TiaZr2sBezsFes)ssCuz BMG alloy and itll snon-
isothermal annealed samples.

The CujoZr7 intermetallic phase (the product of the
first crystallization step) was observed in the XRD pattern
of the sample under continuous heating up to 400 °C.
Cu,oZr7 and CuTi, phases were identified as stable phases
in the diffraction pattern of the annealed sample when
non-isothermally heated up to the final temperature of the
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Table 1: Comparison of composition, particle size, and alkali of commercial,

reprocessed L RF slag powder and graphite powders

- AlO3| CaO | SiO2 |, ) . . . 3
Commercial Composition CaF2 +MnO|+MgO| +TiO» Alkalil Particle size mm Density g/cm
powder 200 20- | 30- 5<0 ) ) )
Content 5-30% 55% | 55% 10-25%| 0.5-3 0.2-1.6 1.1-1.6
reprocessed . FeO |ALOs| CaO | SiO2 |, ) . . . 3
LRF slag Composition| Others +P20s | +MnO|+MgO| +TiO, Alkalil Particle size mm Density g/cm
powder Content | 3.5% [0.75%]| 33.6 |50.6%]| 11.5% | =1.2 1-3 ~1.4
Graphite |Composition| Others Carbon - Particle size mm Density g/cm?
powder Content  [Balance] 99.9% --- 1-3 2.1
* Bonijowsky alkali factor
Table 2: Chemical composition and Nodule Count of ductile
iron (control specimen or base metal)
Graphite Nodule Chemical composition wt%
Count Fe C Mn Si S P Al Ti Cu Mo Cr
=160 mm™ Balance [3.7| 0.6 2.5 1 0.02 | 0.05 0.03 0.01 0.02 0.3 0.2
Table 3: Chemical composition of the SAW wire, DIN EN S2CrMol (AMA 5022)
Iron Carbon Molybdenum Manganese Silicon Chromium
Others 0.05 t0 0.10% 0.5% 1.4t01.8% 0.5t0 0.8% 1%
Table 4: Results of microstructureand UTS
. Average Vickers hardness (HV) |Average o
No Specimen category A7 | Bonding |Wel dmetal | of UTS Description
1 Control (non-welded) 160 85 Mpa | Failure Wf:;‘;:ccepmble
2 LRF Powder without graphite 265 212 218 58 MPa
3 | LRF Powder with 10 wt% graphite | 375 515 545 65 MPa | Failure at the weld edge
4 | LRF Powder with 25 wt% graphite | 471 715 848 79 MPa

4. Conclusions

In the present study, the Vickers hardness and UTS of the

ductile iron before and after the SAW with the reprocessed

LRF slag powders containing 0 to 25 wt% of graphite were

compared. The results indicated that:

1-With increasing the content of graphite powder in the

reprocessed LRF slag powders, the UTS of the SAW
welded metal is closer to the UTS of the control
specimen, and also, the content of hard phases rich in

carbon, silicon, and iron increased.

2-The hard phases and soft graphite particles have created

similar trend to those of the composite material.
Because, the Vickers hardness of the SAW specimens
increased from 212 to 585 HV, and accordingly, the
UTS reached from 58 MPa to 79 MPa, i.e. the hardness
had a direct relationship with strength; while the
Vickers hardness of control specimen was 160 HV
(lower than the SAW specimens) and the UTS of

control specimen was 85 MPa (higher than the SAW
specimens). Because of cast irons have the composite
behaviors. This means that graphite plays like as a

component in the iron matrix.
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Ductilelron
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1. Introduction

Steel slag is one of the main wastes of steel industry. For
each ton of steel produced, 2 kg of ladle refining furnace
(LRF) slag is obtained as a waste, which is sold with a
cheap price of 2.4 US$ per ton. On the other hand,
reprocessed steel LRF slag powder may be a good
alternative to the flux in submerged arc welding (SAW).
Therefore, the use of waste in strategic industries is an
important step towards self-sufficiency and sustainable
development. In this research, authors used reprocessed
steel LRF slag with 0, 10 and 25 wt.% of graphite powder

with conventional flux to make SAW welds.

2. Material and Methods

Graphite powder and reprocessed steel LRF slag powder
were prepared from Hormozgan Steel Company (Table 1).
Ductile iron was made at the Foladin Zob Amol Company
(Table 2). A CNC wire-cut machine applied in Yekta
Sanat Company for preparation of hardness and tensile test
specimens.

SAW was carried out using a SAW device, model
G2310, Gaam Electric with a current 0f 450 A and a speed
of 560 mm/min at a distance of 5 mm from welding wire
with a diameter of 3 mm with the chemical composition
as Table 3. One SAW pass was applied without backing.
Tensile strength was measured before and after welding.
Vickers hardness test was performed for three times from
three weld zones. The microstructure of the three regions
was studied by the Field Emission Scanning Electron
Microscope, brand of TESCAN MIRA3.

3. Results and Discussion

The average Vickers hardness results of heat affected zone
(HAZ), welded site, and base metal, as well as the average
ultimate tensile strength (UTS) are given in Table 4. By
increasing the content of graphite powder in the
reprocessed LRF slag powders from 0 to 25 wt.%, the
hardness of the SAW specimen in the HAZ, bonding site,
and the base metal was increased from 265, 212, and 218
to 471, 715, and 848 Vickers, respectively. The observed
changes in the hardness values could be due to the increase
in the content of graphite powder, which provides the
conditions for the formation of carbide and martensite.
According to Tables 2 and 3, the matrix of control
specimen lacks carbide or martensite phases, so its
hardness (160 Vickers) is much lower compared to the
hardness of the weld metal and the bonding site of the
samples welded with SAW (with a hardness between 212
and 848 Vickers). Furthermore, due to the SAW and rapid
cooling process, martensite is formed in the
microstructure of the metal in the HAZ, which increased
the hardness (with hardness between 265 and 471 Vickers)
relative to the base metal or control specimen (160
Vickers).

Table 4 shows that with increasing the content of
graphite powder in the reprocessed LRF slag powders
from 0 to 25 wt%, the UTS of the welded part is increased
from 58 to 79 MPa, respectively, but is still less than the
UTS of the ductile iron as the base metal (85 MPa).

When performing the SAW, it was observed that with
increasing the content of graphite powder from 0 to 25
wt%, the arc may become more uniform and stable, hence
improving the quality of the welding zone. Also, the
mechanical properties were improved by increasing of the

content of graphite powder.
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Accordingly, removal efficiencies of 50.19%, 68% and
96.35% for 0.025, 0.05 and 0.1 g of CuFe,O4 nanoparticles
were measured after 20 min, respectively.
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Fig. 3. Effect of initial pH of the solution on the sor ption of
RR141 using CuFe20O4 nanoparticles.
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Fig. 4. Effect of contact time and adsor bent loading on the
removal of RR141 using CuFezO4 nanoparticles.

Fig. 5 shows the RR141 removal at different initial
concentrations (10-50 mg. L") over 120 min using 0.025
g of adsorbent under natural pH of the RR141 solution (pH
= 5.0+0.5) and at room temperature (T=30+1 °C). The
results exhibit that the adsorption capacity raised with
increased initial concentration. The high removal
efficiency in the applied concentration range over a short
time demonstrates that there are plenty of accessible active
sites on the surface of sorbent. The maximum adsorption
capacity obtained was about 144.8 mg RR141/g CuFe;0,.

200
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100 & *

q, (mg/g)

= ; g
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Fig. 5: Effect of initial concentration for the removal of
RR141 using CuFe2O4 nanoparticles (pH = 5.0£0.5, T=30x1
°C, amount of sorbent=0.025 g).

The well-known Langmuir and Freundlich adsorption
isotherm models were used to investigate the adsorption
of RR141 on CuFe,O4 nano adsorbent. The linear form of
Langmuir isotherm is obtained from the following

equation:

C 1 1

—= +(—)C, 2)
4. 4K q,

where C. (mg. L") is the equilibrium concentration of
the adsorbate, q. (mg. g'!) is the adsorption per unit mass
of adsorbent and qm (mg. g') and Ky (L. mg') are
Langmuir constants. The linear form of Fruendlich
isotherm is as follows:

1
logq, =logK, +HlogC9 3)

where Ky is roughly an adsorption capacity indicator
and (1/n) is the adsorption intensity. Here, values of n > 1
represent favorable adsorption conditions. The data
related to Langmuir and Freundlich isotherms are listed in
Table 1.

Table 1: Isotherm parameters of Langmuir and Freundlich
model for the adsor ption of RR141 onto CuFexO4
nanoparticles.

Langmuir Freundlich
R? | Ku qm R? n Xk
0.998 | 0.22 | 166.66 | 0922 | 2.73 | 4555

The consistency of results with the Langmuir model
(R?=0.998) is higher than that of the Freundlich model
(R?=0.922).

To analyze the adsorption kinetic models, Lagergren’s
pseudo-first order and Ho’s pseudo-second order models
were used for the experiment data. The adsorption kinetics
of RR141 on CuFe,;04 nanoparticles is best illustrated by
the pseudo-second order rate kinetics, which fits well with
our results (Table 2).

Table 2: Kinetic parameters of Ho's pseudo-second or der
models for the adsor ption of RR141 onto CuFe204 nano

adsor bents.
Qe 2
predicted  Experimental R ke

W=0.025g 87.72 89.44 0.997  0.006

T=30°C W=0.05g 62.89 61.36 0.998  0.007
W=0.1¢g 40.49 39.5 0.999  0.02

W=0.025 g 89.29 95.92 0.998 0.01

T=40°C W=0.05g 60.98 65.48 0.999 0.02
W=0.1g 39.06 39.5 0.999  0.043

W=0.025g 96.15 113.44 0.999 0.01

T=50°C W=0.05¢g 62.11 67.28 0.999  0.022
W=0.1¢g 39.68 39.78 0.999  0.069

4- Conclusion

CuFe,04 nanoparticles were prepared, characterized and
successfully applied for the RR141 dye remediation from
aqueous media. The adsorption of RR141 onto CuFe,O4
changed the initial pH solution. The removal efficiency
improved up to 100% in the acidic media (pH=3) after 10
min. Two isotherm models, Freundlich and Langmuir,
were tested for the experimental results. The results were
fitted with the Langmuir model. The RR141 adsorption
rate fitted with the pseudo-second order kinetic model
where the rate limiting step was assumed to be chemical
adsorption between the adsorbate and the adsorbent.
CuFe;04 nano adsorbent was easily manipulated by a low
strength external magnetic field, which allowed easy
recovery from the aqueous media.
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1- Introduction

Reactive dyes are generally described by the presence of
azo chromophores (-N=N-) or phthalocyanine
chromophore (including copper, nickel or other metals)
and aromatic rings, which are toxic and mutagenic to
living organisms. Several dye removal and degradation
techniques have been developed including physical,
chemical and biochemical methods along with the
photocatalytic degradation process. Among various
treatment techniques, adsorption by magnetic nano
sorbents is a water remediation technology which can lead
to rapid and efficient wastewater stream removal. After
sorption, it is easy to separate sorbent from the water
media using a magnetic separator. Copper ferrite,
CuFe;04, has an inverse spinel structure in which
octahedral sites are occupied with Cu?" ions while Fe**
ions are equally distributed between tetrahedral and
octahedral sites. In this research, copper ferrite
nanostructure was synthesized using the solvothermal
method and used for the removal of reactive red 141. The
effect of different parameters, i.e., pH of solution,
temperature, adsorbent dosage and initial concentration of
pollutant on the removal of reactive red 141were also
investigated.

2- Materials and methods

All chemicals were of analytical grade and used without
further purification. Mili-Q water was used with a
resistivity of at least 18.2 MQ.cm™. Copper ferrite
(CuFe204) nanocrystals were obtained using the
solvothermal method in the polyol media. Briefly,
FeCl3.6H20 (5 mmol) and CuCl2.2H20 (2.5 mmol) were
dissolved in 40 mL of ethylene glycol. Sodium acetate (3.6
g) was added to the above solution under vigorous stirring
for 30 minutes. The as-prepared slurry was sealed into
Teflon—lined autoclave and maintained at 180 °C for 12 h.
After cooling to the room temperature, the black
precipitate (CuFe204) was collected magnetically, washed
several times with water and dried in a forced-convection
oven at 60 °C overnight.

In adsorption studies, a certain amount of adsorbent
(copper ferrite) was transferred to the reactor containing
200 mL of RR141 aqueous solution at different known
concentrations. The adsorption of pollutant per unit gram
of adsorbent, q., was evaluated using the following

equation:

_V(C,-C,)
9. = Y (1)
where V is the solution volume, Cyis the initial adsorbate
concentration in the solution, Ce is the solute concentration
in the bulk phase at equilibrium condition and M is the
adsorbent mass.

3- Resultsand discussion

The X-ray diffraction patterns of CuFe,O4 sample are
shown in Fig.1. The XRD peaks could be identified with
the cubic CuFe,O; phase (ICDD-01-077-0010, space
group Fd-3m, a=b=c=8.37 A).
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Fig. 1: XRD patterns of CuFe204nanoparticles.

The morphology and structure of CuFe,O4
nanoparticles were investigated by the transition electron
microscopy (TEM). The TEM results confirmed the
nanosized and distorted surface morphology.

Fig. 2. Low magnification (a) and high magnification (b)
TEM images of CuFe204 nanoparticles.

It was found that the size of nanoparticles varied from
50 to 200 nm. Also, high magnification TEM images
indicated the spherical morphology of CuFe;O4
nanoparticles.

The effect of initial pH on the adsorption of RR141
onto CuFe;O4 nanoparticles was investigated. As shown
in Fig. 3, the complete removal of RR141 was observed in
acidic media after 10 min (pH=3.0+0.5).

Fig. 4 presents the effect of contact time on the
removal of RR141 for three different amounts of CuFe>O4
(0.025, 0.05 and 0.1 g) over 1-60 min using 200 mL of 20
mgL"! RR141 under natural pH of RR141 solution (pH =
5.0£0.5) and room temperature (T=30£1 °C).
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1. Introduction

Tunnel kiln sponge iron production process has some
advantages over other coal-based processes including
lower initial investment, ease of implementation and
scalability. One main drawback of this process is the long
process time and consequently excessive energy
consumption, and therefore, more research has to be
conducted to improve the energy efficiency and the
productivity.

Several studies have explored the mechanism of iron
oxide reduction in coal-based processes. The importance
of carbon gasification by CO,, heat conduction and
gaseous diffusion in the pellets was mentioned in these
investigations.

There are not many scientific publications addressing
the role of heat and mass transfer in the reduction of iron
oxide in this process. The experimental conditions in these
studies are such that the results do not provide a good
interpretation from the effects of heat and mass transfer on
the reduction of iron oxide in tunnel kiln.

In this study, the mechanism of the reduction of
hematite-magnetite concentrate in the form of a hollow
cylindrical pellet in Hoganas process has been
investigated using graphite-calcium carbonate mixture as
the reductant.

2. Experimental

Hematite-magnetic concentrate (HMC) obtained from
Golgohar Mining and Industrial Co., was used as iron
oxide source (Table I). A mixture of graphite (Table II)
with calcium carbonate (Table I1) at a ratio of 5 to 1 was
used as the reductant.

Table 1. Chemical Composition of Hematite-Magnetite
Concentrate (HMC) (wt %)

TotalFe FeO SiO2 CaO  AlOs MgO SOs LOI

65.73 795 181 102 0.26 1.02 0.33 0.95

Table 2. Proximate Analysis of the Graphite (wt %)
FC VM Ash Moisture
89.28 769 169 134

Table 3. Chemical Composition of Calcium Carbonate
(wt %)
CaO  MgO FeOs SiO2 Na,O SOz LOI
44.04 741 1.79 368 032 0.6  40.82

The HMC samples were prepared as a hollow cylinder
by adding water and sodium bentonite to reach the
appropriate strength. The sample was dried in two steps:
75 min at 110 °C and 90 min at 160 °C.

A heat resistant steel (A310) crucible was used. Two
holes were arranged on the cap of the crucible to place the
thermocouples inside the reductant mixture (Figure 1).
The HMC sample was placed inside the crucible and the
crucible was filled by the reductant mixture, as shown in
Figure 1. In some experiments, high purity (>98%)
hematite powder obtained from LOBA Chemie Co. was
added to the reductant mixture to investigate the effect of
carbon gasification rate on the reduction rate. The
temperature was measured at two different points by K-
type thermocouples with a diameter of 1 mm located half
through the crucible height (Figure 1).

Thermocouple (i)
Thermocouple (0)

Reductant Mixture

%, BMC Sample

Il Crucible

(a) (b)
Fig. 1 Schematic of the configuration of materials and
thermocouples in the crucible in (a) trimetric view and (b)
front view of axial section.

The crucible was placed in the furnace at room
temperature and the furnace was heated up to 1000 °C at
the heating rate of 10 °C/min. In order to investigate the
progress of the reduction process, the experiments were
run for different durations. In all experiments, the crucible
was cooled in water immediately after removal from the
furnace.

TG-DTA experiments were performed by a BAHR
STA 503 at a heating rate of 10 °C/min under argon
atmosphere. X-ray diffractometer (XRD) analysis was
conducted by a GNR device with monochromatic Cu-K,
in the angular (26) range of 20-90. LEO 1450 VP scanning
electron microscopy was used to study the morphology of
the metallic iron.

3. Results and Discussion

Time-temperature curves for T, and T; are drawn in Figure
2. Three distinct phenomena can be observed in these
curves. Moisture evaporation is well assignable at 100°C
on the T; curve. At about 850-870°C, the endothermic
decomposition of calcium carbonate can be seen as a
decrease in the slope on T; curve in Figure 2. The last
endothermic reaction which can be recognized on both T;

! PhD Student, Department of Materials Engineering, Faculty of Engineering, Ferdowsi University of Mashhad.
2 Corresponding Author, Associate Professor, Department of Materials Engineering, Faculty of Engineering, Ferdowsi University of
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and T, curves is carbon gasification that occurs at about
930-950°C. The

decrease in the T-t curves due to the carbon
gasification indicates that the rate of this reaction is
limited by the heat conduction in the crucible.
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Fig. 2 Temperature-time curves obtained by the inner and
the outer thermocouples at heating rate of 10 °C/min.

Figure 3 shows the results of the reduction test using
graphite-calcium carbonate mixture. As can be seen, the
reduction rate increases after sample T,-900 which
corresponds to carbon gasification in the outer reductant
mixture. After sample T;-950, the reduction rate decreases
due to the limiting effect of gaseous diffusion of CO to the
FeO-Fe interface.

In order to examine the effect of gasification reaction,
hematite (6% of graphite) was added to the reductant
mixture to enhance the gasification reaction. The results
can be seen in Figure 4. Addition of hematite to the
reductant mixture increased the reduction by about 9%.
This can be related to carbon gasification and therefore it
can be concluded that gasification reaction plays a
meaningful effect on the reduction rate during the middle
to the final stages.
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Fig. 3. Reduction progress vs time using graphite-calcium
carbonate mixture as reductant.
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Fig. 4. Effect of hematite addition in the graphite-calcium
carbonate mixture on the reduction rate versus time.
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Fig. 5. Secondary electron micrograph from the metallic
iron whiskers formed at the outer layer.

Fig. 5 shows the SEM images of the metallic iron layer
outside the sample T;-950-60. According to this Figure,
the iron whiskers are evident in this region.

4. Conclusions

In this study, the mechanism of reduction of hematite-

magnetite concentrate (HMC) with graphite-calcium

carbonate reductant mixture was investigated.

- The heat transfer inside the crucible affects the initial and
middle stages of the reduction process (up to 63%
reduction).

- The diffusion of reducing gas to the FeO-Fe reaction
interface and carbon gasification by CO;are the mixed
controlling mechanism in the middle to the final stages
of the process (63% to 93% reduction).
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Fig. 1. Results of predicted model and experimental
observations

Table 1Validation of the proposed model by Statistical
error measures

Condition

Item Formula Training Testing

data set data set

BIAS [BIAS|—> 0 -0.0172 -0.1161

RMSE RMSE = ’iz (P -0)
NS

> (P -, -0,)

R I R >0.8 0.9660 0.9654

RMSEuain=RMSEest 2.3458 2.3827

Re—
NP -P, )0, -0, )
DICEES)
R? RY=1-—* R*—>1 0.9331 0.9317
2 -0,y

Fig. 2. comparisons between theresults of Li et al. (1997)
and Chang et al. (2000) and the developed GM DH models

2.2. Sensitivity Analysis

To determine the most important parametersin estimation
of conversion percentage, a sensitivity analysis (ST) is
done. To more illustrate the results of GT analysis, the
values of Vaio for different scenarios are shownin Fig. 3.

Scenario 1~ Scenario2  Scenario 3 Scenario4 Scenario 5 Scenario 6

Fig 3. Results of Gamma Test (the values of Vratio for
different scenarios)

2.3. Parametric Analysis

To more validate the robustness of developed model, a
parametric analysis is performed to ensure that the results
of proposed GMDH model are in line with physical
concepts of the reaction kinetic. The results of parametric
analysis are presented in Fig.4

® T=1480K
® T=I510K
® T=1550K
.

T=1600 K

Silicon conversion percent [%]
v DWW

50 100 150 200 250

0 50 100 150 200 250
t[min]

Fig. 4. Theresults of parametric analysisfor a) different
temperaturesb) nitrogen percentage

3. Conclusions

In the present study, an effective predictive model based
on group method of data handling (GMDH) is developed
to estimate the kinetic of silicon nitride formations. To
achieve this, a comprehensive database including 2186
data vectors is obtained from experimental results in
literature. Several influencing parameters such as time,
temperature, nitrogen percentage, pellet size, and silicon
particle size are considered as input variables to model the
conversion percentage. The accuracy of developed
GMDH model is evaluated through the most common
statistical error parameters. The results of performance
analysisindicated that the developed model with R=0.966
and R?=0.93 has a remarkable accuracy in estimation of
conversion percentage. To further confirm the accuracy of
developed model, its performance is also compared with
two most common previous models of Chan et al. (2000)
and Li et a. (1997). The results showed that the previous
models perform well in earlier times of reaction while
their predictions are remarkably overestimate after time of
75 min. However, the developed GMDH model showed a
remarkable agreement with experimental results for the
whole duration of reaction.

To determine the most effective parameters in
prediction of conversion percentage, the Gamma Test
(GT) is applied. Results of sensitivity analysis indicated
that the time and nitrogen percentage are the most
important parameters. The temperature, silicon particle
size, and pellet size were the other important parameters,
respectively. To ensurethat the results of developed model
are in line with physical concepts latent in the problem,
the parametric analysis is also implemented. The results
confirmed the robustness of GMDH model in capturing
physical patterns in the used database and also previous
studies.
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Prediction of Silicon Direct
Nitridation Kinetic By An Efficient and
Simple Predictive Model Based on Group
Method of Data Handling

E. Shahmohamadi * F. Golestanifard? A. Mirhabibi®

1. Introduction

Silicon nitride as one of the most practical engineering
ceramics has been widely applied as a high temperature
structural material. Several advantages such as high
resistance against therma shock and corrosion, high
strength, lower density in comparison with metallic
component, and biocompatibility make it popular as a
structural material in cutting tools, gas turbine, diesel
engine, precision bearings, and biomaterials. RBSN
production method is one of the most economical methods
to produce the silicon nitride for near net shape formation
in comparison with the other producing methods.
Although the RBSN method is cost-effective, it takestime
for complete nitriding. Several parameters like physical
properties of silicon pellet (e.g., size, density, pore size,
and pore type) and gas properties (composition, flow rate,
and pressure) can be effective on reactant diffusivity. A
flexible model that can effectively consider al these
parameters is one of the most important issues in
simulation and prediction of kinetic behavior of silicon
nitridation. Several efforts have been achieved to model
the kinetic of reaction. Most of these models have been
developed to illustrate gas-solid reactions (without
presence of catalyst). Models are classified in three main
groups. pore model, particle-pellet model and volume
reaction model. The sharp interface model (SIM) has been
introduced as a specific condition for gas—solid reactions
for the cases that the primary particles are solid and
nonporous. The main idea behind this assumption is that
the reaction occurs in the sharp interface of reacted and
unreacted solids while the reaction takes place in the
whole pellet in case of the porous particles. SIM
conditions could be applied to both particle-pellet and pore
models.

In general, there are different mechanisms that control
the kinetic of silicon nitridation during the reaction.
Mechanisms involved at initial stage can be aso
completely different from the final stage. Furthermore, in
special duration of reaction, several mechanisms may
work in paralel. In this regard, the mentioned analytical
models cannot consider all complex mechanismsinvolved
during the reaction. As a result, there are aways
remarkable scatters between experimental results and the
predictions of mentioned models during the whole
reaction or aspecial period of reaction. On the other hand,
severa influencing parameters affect the reaction kinetic
that must be considered in the mentioned models.

Recently, machine learning approaches such as
Artificial Neural Networks (ANNs) and ANFIS as the
most common soft computing methods have been

employed to overcome these limitations in material
science. Results confirmed the superior performance of
data mining-based approaches. However, the ANN and
ANFIS models do not give enough insight into the
generated models and are not as easy to use as the
empirical formulas. Among the soft computing methods,
the GMDH network is known as a self-organized method
to model and discover the behaviors of unknown or
complicated systems based on given input—output data
points. The main objective of this study is to investigate
the efficiency of the GMDH network for predicting the
kinetic of silicon nitridation. The main advantage of
GMDH method in comparison with methods like ANN is
that the dependencies between input parameters and
output parameter are represented in parametric form as an
equation while these dependencies are hidden within
neural network structures in ANN method. To develop a
simple and efficient predictive model based on GMDH, a
comprehensive database from literature containing 2186
experimental results is applied. The developed GMDH
model related the conversion percentage of silicon to the
time, temperature, nitrogen percentage, pellet size, and
silicon particle size. The developed GMDH results are
also compared with two most common existing models
through dtatistical error indicators. The relative
importance of significant parameters dealing with
conversion percentage is aso investigated through
sensitivity analysis. The robustness of proposed GMDH
model is aso verified through a parametric analysis.

2. Result and Discussions

2.1. Performance Analysis. The results of developed
GMDH model and the actual experimental observations
for training and testing datasets are depicted in Fig.1,
respectively. Furthermore, the errors and the best fitted
normal distribution on these errors are shown in these
figures. As shown, there are good agreements between the
predicted conversion percentage by GMDH model and the
observed ones for both training and testing datasets.

To quantitatively evaluate the performance of
developed model, the statistical error parameters are
presented in Table 1 for both training and testing datasets.
The comparisons between the results of Li et a. (1997)
and Chang et al. (2000) models and the devel oped GMDH
model are depicted in Fig. (2). According to thisfigure, in
general, the developed GMDH model showed a
remarkable agreement with experimental results for the
whole duration of reaction and outperformed the other
models.
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toughness compared to the dissimilar weld by ERCu filler,
which was due to the existence of much more Ni in the
composition.

3.3. The sigma phase formation. The sigma phase is a
detrimental compound in stainless steels which may form
during manufacturing processes or service life. In the weld
zone of the autogenous weld, after post-weld heat
treatment, there were some precipitates. Based on the low
amount of Ni and high amount of Cr, these precipitates
could be the sigma phase (Fig. 2). The results of JMatPro
calculations also predicts the formation of sigma phase in
the weld zone after heat treatment. The dissimilar weld
zones did not contain sigma phase even after heat
treatment. It is because of the existence of Cu or Ni/Cu in
the composition. The Cu and Ni are austenite stabilizer
elements which inhibit the sigma formation. The JMatPro
calculations show that adding a little amount of Cu or
adding much more Ni to the 316L steel move the sigma
phase TTT curves to the lower temperatures and also
increase the time needed for sigma phase formation.

4, Conclusions

The autogenous 316 steel weld consists of austenite
dendrites. The dissimilar weld fabricated by ERNiCu-
7 and ERCu filler metals
consisted of Ni/Cu-rich and Cu-rich phases among the

had a microstructure

stainless-steel dendrites.

The dissimilar joints had a higher strength comparing
with the Cu base metal. The fracture toughness of the
weld with ERNiCu-7 filler was highest due to the
existence of much more Ni.

Some sigma phase particles can be found in the
autogenous 316 steel weld after heat treatment but the
existence of Cu or Ni (austenite stabilizers) in
dissimilar copper to 316 steel joints prevents the
formation of sigma phase.
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Fig. 2 — Sigma phase in autogenous 316 steel weld and the EDS resultsrevealed by oxalic acid.
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Evaluation the Microstructure and
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Joint between Pure Copper and Stainless
Steel 316
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Mohammad Talafi Noghani” Ahmad Miri*

1. Introduction

Joining of dissimilar alloys is widely used in different
industries. The stainless steels and pure copper have
different thermomechanical properties that makes those
difficult to weld. However, dissimilar joints of stainless
steels and pure copper have a wide range of application in
cooling systems and heat exchangers. The joining of
copper to stainless steels causes an inhomogeneous
structure and may have some problems, including the
formation of gaseous pores in copper and formation of
sigma phase in stainless steels.

In this paper, the microstructure and mechanical
properties of dissimilar GTAW of stainless steel 316 to
copper is investigated and the formation of sigma phase
after post-weld heat treatment is studied.

2. Experimental procedures

The dissimilar joints of stainless steel 316 and
commercially pure copper with 5 mm-thick were prepared
using GTAW method with two different filler metals
(ERNiCu-7 and ERCu). The autogenous welding of
stainless steel 316 plates is also performed with 316L filler
metal to compare with the dissimilar joints. To investigate
the effect of post-weld heat treatment on the joints, the

autogenous and dissimilar welds were heat treated at 850°c

for 14 hr followed by cooling in the furnace.

3. Resultsand discussions

3.1. Microstructure. The microstructure of autogenous
weld of steel 316 showed austenite and small amounts of
delta ferrite in the fusion zone. The HAZ of stainless steels
represented a slightly grown austenite grains, as well. The
formation of delta ferrite at the HAZ near the weld pool
prevented the austenite grains growth.

Using ERNiCu-7 and ERCu as filler metals to join
cooper to stainless steel 316 resulted in a similar
microstructure of HAZs (Fig.1). The copper grains
extremely grew from 25 pm in base metal to 170 um in
HAZ. The Copper and iron have a low solubility in each
other; therefore, the dissimilar welds consist of two
different phases. The welded zones with ERNiCu-7 and
ERCu fillers contained the Ni/Cu-rich and Cu-rich phases
among the Fe-rich dendrites, respectively. There were
some gas pores and inclusions which usually existed in the
dissimilar copper to stainless steel joints.

Fig. 1 — The microstructure of thedissimilar joints. HAZ
and base metal of copper in theweld with () ERCu and (b)
ERNiCu-7 filler; theinterface of 316 stainless steel HAZ
and theweld zone with (c) ERCu and (d) ERNiCu-7 filler;
the middle part of fusion zone with (€) ERCu, and (f)
ERNiCu-7 filler.

3.2. Mechanical properties. The fracture of transversal
tensile specimens occurred in copper HAZ which was the
result of sever grain growth. The impact test indicated that
the higher toughness was related to the autogenous 316
steel. The dissimilar weld by ERNiCu-7 filler had a higher
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Fig. 2 The changes of wear rate with different weight
per centages of alumina reinforcing phase.

The best abrasion properties of the produced coatings are
obtained in 25% by weight of alumina reinforcing phase.
Figure 3 shows the XRD pattern of the sample coated on
a copper substrate with afuel to oxidizer ratio of 1.25 and
the use of 25 wt. % graphite.
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Fig. 3- X-ray scattering pattern for the sample coated with a
fuel to oxidizer ratio of 1.25.

4- Conclusion

1- The highest coating temperature and abrasion resistance
were obtained in the ratio of 25 wt. % of the alumina
reinforcing phase.

2- The wear resistance results showed 400% increase in
the wear resistance of the coated surface compared to
the base metal.

3- Copper-alumina nanocomposite coating formed by
solution combustion synthesis method had high
adhesion strength and contained many pores.

4- This coating was synthesized in only one step and was
placed on the copper substrate in the air atmosphere.

5 The particle size of the alumina ceramic phase
synthesized in this study was less than 20 nm.
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Thelncreasein the Wear Resistance of
Copper Substrate Coated by Cu-Al203
Nanocomposite through Solution
Combustion method

Hadi Nasiri* Ehsan Mohammadi?

1. Introduction

Copper has different usages in industry. However, the low
surface mechanical propertiesi.e., abrasion resistance and
hardness are some of the most important limiting factors
of its application. The use of ceramic particles such as:
TiO,, SIC and AlxO3 as reinforcing phases of copper
matrix is a good way to eliminate mentioned defects. On
the other hand, it preserves the inherent properties of the
copper phase. Amongst, alumina is the most favorite
reinforcing phase due to its cheapness, desirable strength,
and stability at high temperatures.

There are many surface engineering methods for the
production of the nanocomposite coatings, such as:
spraying, sol-gel, co-deposition and milling. Each method
has some drawbacks that limit its application. The most
important of them are strict control of the coating process,
cost, time consuming, the need for sophisticated
technology, and complementary operations of these
methods. Therefore, the introduce of new methods with
high efficiency and low cost isthe aim of many researches.

Solution combustion synthesis (SCS) method usually
involves the self-propagation reactions in a solution of
various metals nitrates and fuels that can be classified
according to how the synthesis process is performed. In
this research, for the first time, the solution combustion
synthesis method was used to produce copper-alumina
nanocomposite coatings. In addition, an attempt was made
to apply the desired coating on the copper substrate in one
step and in the air atmosphere.

2. Materialsand Method

To produce copper-alumina nanocomposite coating by the
SCS method, copper and aluminum nitrates were used as
oxidizers and urea was used as fuel. Graphite was also
used as an auxiliary material to prevent the oxidation of
metallic copper synthesized in the air.

Graphite was mixed thoroughly with copper,
aluminum nitrates, and urea. Water was added to the
obtained solid mixture. The prepared solution was placed
on a hot plate at the temperature of 300 °C. During
heating, the solution was constantly stirred by a magnet at
140 rpm. The copper substrate was placed in the container
containing the solution. After the water was evaporated
and the gel formed, the combustion took place quickly and
after about four minutes, the coating settled on the
substrate. Wear resistance values measured for coating
produced by different weight percentages of alumina (5,
15, 25, 35 and 45 wt. %) as the reinforcing phase.

In order to synthesize products containing 5, 15, 25, 35
and 45% by weight of alumina reinforcing phase, the
amount of copper and aluminum nitrates were calculated
according to Equation (1). Table 1 shows the
stoichiometric coefficients of Equation (1) for the
production of coatings with different ratios of alumina as
reinforcement phase.

aAl (NO3)3 + bCu (NO3)2 +cCO (NHz)z =dCu + eAl,0s
+fCO, + gH20 +hNj3 (1)
Table 1. Coefficientsrelated to Equation 1 for producing

coatingswith different weight percentages of alumina
reinforcing phase

Alumin | a| b c d e|f g h
a

5 2|1 30. |65 |30. | 1|65 |131 |97

3 5 3 5 3

15 2|9 23 |9 1123 |46 | 33

5

25 2|48 |14 |48 | 1|14 |29. | 22

6 6 3 4

35 2|3 11 |3 1111 |22 17

45 2| 19 8919 |1|89 |17 13.

8

3. Resultsand Discussion

Figure 1 shows the temperature-time curves of the
coatings formed with different ratios of the alumina
reinforcing phase.

The abrasion behavior of the coated samples with
different percentages of alumina phase was studied and
the abrasion rate values in terms of different percentages
of alumina reinforcement phase are shown in Figure 2.

8

Temperature(“C’)

Time(s)

Fig. 1. Temperature curveswith timefor sampleswith
different ratios of alumina phase.

I* Corresponding Author: Assistant Professor, Department of Materials Engineering, Mechanics and Materials Engineering Faculty,
Birjand University of Technology, Birjand, Iran. Email: nasiri@birjandut.ac.ir.
2 MSc of Materials Engineering, Department of Materials Science and Engineering, Engineering Faculty, Ferdowsi University of

Mashhad, Mashhad, Iran.






CONTENTS

Thelncreasein the Wear Resistance of Copper Substrate
Coated by Cu-Al203 Nan composite Through Solution
Combustion Method

Evaluation of the Microstructure and Mechanical
Properties of Dissimilar Joint between Pure Copper and
Stainless Steel 316

M odeling the Effect of the Most Important Factorson the
Kinetics Behavior of Silicon Nitration Reaction Based on
Group Method of Data Handling

The Mechanism of the Reduction of Hematite-M agnetite
Concentrate by Graphite-Calcium Carbonate Mixturein
Hoganas Process

Synthesisand Characterization of CuFe;O4 M agnetic
Nanoparticlesand Their Application for Removal of
Reactive Red 141 from Aqueous Solution

Effect of the Content of Graphitein the Slag Powder
of the Steel LRF on the Microstructure and
Properties of SAW of Ductilelron

Investigation of Thermal and Corrosion Behavior of
a Ti-Based Bulk Metallic Glass with Composition of
(TiaZr 2BexsFes)szsCur

Removal of Arsenic from Pregnant L eaching
Solution Using Electr ochemical Coagulation Method

Novel High-Cycle-Life Soft Actuator Using Silicon
Elastomer Matrix and Ethanol

Predication of Hot Flow Behavior of Micro-Alloy
Steel Using M odified Johnson-Cook M odel

Fatigue Properties of Inconel 625 Alloy Parts
Manufactured by Wire Arc Additive
Manufacturing M ethod

Characterization of the Effect of Type and Amount

of Acid and Base Catalyst on the Crystallization and
Mor phology of Mullite Particles Synthesized by the
Sol - Gel Method

H. Nasiri - E. Mohammadi

M. Jafarzadegan - R. Ahmadi
M. Talafi noghani - A. Miri

E.Shahmohamadi - F.GolestaniFard
A .Mirhabibi

S.M.A. Haghi - A.Zabett
M. Mirjalili

V. Mojaver - A. Ahmadpour
T. Rohani Bastami - V. Mahmoodi

B. Ghazanfarian - K. Dadashnia
S. E. Vahdat

Z. Jamili Shirvan - Gh. Heidari

S.M. Moosavirad
A. Hasanzadeh-Sablouei

H. Zamyad -A. M. Ebrahimi
S. Sahebian - J. Safaie

H. Ahmadi - H. R. Rezaei Ashtiani
M. Heidari

G. Pirouzmanesh M. Sharifitabar
M. Shafiee Afarani

S. M. Hosseini Hosseinabad
F. Darvishian Haghighi

S. Mollazadeh Beidokhti
A.R. Kiani Rashid

11

27

45

57

71

83

95

115

125

137

149



\ JOURNAL OF METALLORGICAL
AND MATERIALS ENGINEERING

. .. FERDOWSI UNIVERSITY OF MASHHAD

A5

Ferdowsi University of Mashhad ISSN 2008-7462

General Director: A. Haerian Ardakani
Editor-Chief : J. Vahdati Khaki
Published: Ferdowsi University of Mashhad

Editorial Board:

R. Azari khosroshahi Associate Professor  Sahand University of Technology

R. Bagheri Professor Sharif University of Technology

J. Javadpour Professor Iran University of Science & Technology
A. Haerian Ardakani Professor Sadjad University of Technology

M. Haddad Sabzevar Professor Ferdowsi University of Mashhad

S. M. Zebarjad Professor Shiraz University

S. A. Sajjadi Professor Ferdowsi University of Mashhad

M. Salehi Professor Isfahan University of Technology

M. R. Torroghinejad Associate Professor  Isfahan University of Technology

H. Arabi Professor Iran University of Science & Technology
M. Kashefi Torbati Professor Ferdowsi University of Mashhad

A. R. Kiani Rashid Professor Ferdowsi University of Mashhad

M. Mazinani Associate Professor  Ferdowsi University of Mashhad

J. Vahdati Khaki Professor Ferdowsi University of Mashhad

Text Editor: Yoosef Bina - S. Mollazadeh Beidokhti Administrative Director: T. Hooshmand
Typist: A. Noie — T. Hooshmand

Journal of Metallorgical and Materials Engineering

Department of Materials Science and Engineering, Ferdowsi University of Mashhad,
P. O. Box. 91775-1111, Mashhad, I.R.IRAN

Tel: +98 51 38763301; Fax: +98 51 38806024; Email: ejour@um.ac.ir

Web site: http://jmme.um.ac.ir



ISSN 2008 -7462

The Increase in the Wear Resistance of Copper
Substrate Coated by Cu-Al O, Nan composite ...
H. Nasiri - E. Mohammadi

Evaluation of the Microstructure and Mechanical
Properties of Dissimilar Joint between Pure ...
M. Jatarzadegan - R. Ahmadi - M. Talafi noghani - A.Miri

Modeling the Effect of the Most Important Factors
on the Kinetics Behavior of Silicon Nitration ...
E.Shahmohamadi - F.GolestaniFard - A.Mirhabibi

The Mechanism of the Reduction of Hematite-Magnetite
Concentrate by Graphite-Calcium Carbonate ...
S.M.A. Haghi - A.Zabett - M. Mirjalili

Synthesis and Characterization of CuFe O,
Magnetic Nanoparticles and Their Application ...
V. Mojaver - A. Ahmadpour

T. Rohani Bastami - V. Mahmoodi

Eftect of the Content ot Graphite in the Slag
Powder of the Steel LRF on the Microstructure ...
B. Ghazanftarian - K. Dadashnia - S. E. Vahdat

Investigation of Thermal and Corrosion Behavior

of'a Ti-Based Bulk Metallic Glass with Composition of ...

Z. Jamili Shirvan - Gh. Heidari

Removal of Arsenic from Pregnant Leaching Solution
Using Electrochemical Coagulation Method
S.M. Moosavirad - A. Hasanzadeh-Sablouei

Novel High-Cycle-Life Soft Actuator Using Silicon
Elastomer Matrix and Ethanol
H. Zamyad -A. M. Ebrahimi - S. Sahebian - J. Safaie

Predication of Hot Flow Behavior of Micro-Alloy
Stee! Using Modified Johnson-Cook Model
H. Ahmadi - H. R. Rezaei Ashtiani - M. Heidari

Fatigue Properties of Inconel 625 Alloy Parts
Manuftactured by Wire Arc Additive
G. Pirouzmanesh M. Sharifitabar - M. Shafiee Afarani

Characterization of the Effect of Type and Amount of
Acid and Base Catalyst on the Crystallization and ...
S. M. Hosseini Hosseinabad - F. Darvishian Haghighi
S. Mollazadeh Beidokhti

A.R. Kiani Rashid

Vol. 32, No. 2
Spring & Summer 2021

11

27

45

57

71

83

95

115

125

137

149



	Metalogical1
	jelad
	contents1
	1--nasiri.pdf
	2--jafarzadegan
	3-- mirhabibi
	4--haghi-mod
	5--rohani
	6--vahdat
	7--jamili-revise
	8-mosavi rad (Repaired)
	9--sahebian_ed
	10- Ashtiani 
	11-sharifitabar
	12-molazade
	12-molazade
	11-sharifitabar
	10-a
	9-sahebian
	8-Mousavi rad
	7-jamili-revise
	6-vahdat
	5-rohani
	4-haghi-mod
	3-shahmohamadi
	2-jafarzadegan-1
	1-nasiri
	contents2
	jelad1
	Metalogical2

