Yo

Yo

)

ov

74

AN

a0

AAn

T

e SNl T D™ 5 (Slr 53 Sl Saalis 390 5 (i st

725 = (S S e o3l e

e S s © JLilS” it Izl Ailowns 31(S 9 (3L

ptde sl dslo Lo

e 50D 3o IMOS /Ni i jauels” (Sl gy el polas iy
SN ot e Olaaml = o joli5 i o= pudia el ST (gl

i 90T ST (530 A2 culslB 9 sl 5 0 IS 0939 31 36

S S Bl d = e diam U el - L Ll L

e Bl 5 Ul 5 s th e e Jige 5 Kol & jed (5 D9
o5y S

o bl T Sleo 2 (572395 41 nglio 1 Sowigh” Slig 5 8T ) 2
L RBILT = Obdamalos o= (Mo forad = (31 silaan

wer Ul 43 12 (Sl oY 58 ailin DVLAST 58 (gl dlai (G I e vy y
S 3 eSSl (gt (25 O e

w2 59uols” 936 538 300 515 3T O, B 0939 391 b iy 9
st Bl o=y dmmim = DL

e Sl o RS 51 o 39 10 IV g9 55 30 (S yiol sl (5 Hudingy
oy e e gest S lal— Sl

e (3599 43 CoCreMnNi SV 039 5T (S3LIT sidigy gl | owiuw (Il
8l e s s st G e Ol s b

o (831381 5 Jazmn 30 2690 (SN s (ST 3 936 (55 (SIS SO 903 vy
e il (5 gt sl o Sl 5 S 5 e

Ol il

e 365 3 (TEOS) Calansgi 391 a1 55 AD 8Lt 156 sy
S A

e S 58 SLIT s 8N a8 L slain pud | SCOlo skidy iy

S5 I ol Bolo o o 5 Lt - iy Lo

Yoslad Y Jlo
114 (Ol 9 sles

ISSN 2008 - 7462



Yo

Yo

L0

ov

a0

AN

q0

7Y

Y4

s 2 G S dams esly ooz

(:_LE.A )\ﬁ-d.;al»ﬂw

oM s e T pie 031,81 (gs

6)U ))::éijn QL.»).

el ol = L, Lail Lgs

;;A\%wuééu-\:ﬂ—w.\?ﬂu

o2l5,de )

o Joranl = g3le ikas

Wil 1l = Ol Lus pa

OLiL 3 SOl = s (25 Ol e

ﬁ)_xw—&‘fu:)k:n
233 e Jlor e

s 033y Oble = Jlid da

e A

Sl e = Olaw 4l

J‘j'};r‘ 3 gedms dow

Goges Slslu L1355 = Jlul = IS & 4 gana

Ol Blaw = o s ilaas

Sldsy e Lo

il oS Lo - 4Kl Ll

S 5Sely e Gl A

SALZr shlu JT SLS 5 sl ps JS5 (Salusgo (st
35 (AG®) Jgo oS 3151 (6551 Sl mis Jibo bl p ALTi
okl Sl aul

a3 (Gl s 0 NS e Siired ilos 31 (555 2154

(ohl) srwe 4o

s :l:'r.l‘ MoS2/Ni &5:15":"‘5 ‘5\.&&2_93_ ‘;.ih_l.u U""-”" WaSs
bliie SLokS Sy 4 Y 55,

Fe-Mo-P-C-B oo~

g)l:’\-.n}l) WS, RAR] JJ}A é&k&‘ C)}b-h 6)&.&‘,’

SOl yols 5 skl )

Slapr S 4 Sl G5 IS GSS 25 56 s p
Vg o)l il 53 Ol o5 (2o

ab s lasY g8 wlie OVl H5 (o) a5, 9 pw )
(AHSS) 5 35l 5l plSonia

2558 GU 550,50, Tax0s Bl 034551 56 o)

S (3L oy 4 5 e okt

K8 1 e 29500 SNl S50 sla eyl (g5 lwagy

Kb d e peizms 5Lo0S 5okl g

4 CoCrFeMnNi Vb o5 51 35U i ad s o Ol

O pbaasnin 5 ol y 2SI Cgus o3,

5 b 53 U3 Glapeaw sl SU 50 slasls g0 o)
e 6,15

Sl (TEOS) Sk 55,51 Joill 5 045 63L31 56 gy

Y2051 (a3l g0 D155 5U pilaind o165 5 (g 95wy S
Tb3+

Sol> S8 3‘-:“;'5 SV Oyl b (S L, (o

G 4w Ll i 5 v/0%wt C- \/VY%wt Si

bl - 55—






3130 9 (&3390bn wikigo 4y pid \

ISSN : 2008-7462

A,

148423 - 5 oo 4l o lus

S Gy el § S e
S8 0Ll et ghuo gk
.'Lg,i.as.uj)} o\i&i‘)l}lﬁ.ﬁ‘ Wl@

FS Mg Sme Ksls > g0 e NLEH

o o o813 (3l ge e 5 pniige oSl

Ol o 5 e o8l (55 e 3 5l pn qurign 0aSCils
Sl Jxie Ll (g

A g3 b o5 ¢ pntign oSl 3l g0 5 (550 05 £
e ol ¢ pwdign 0dSCi1s 0310 5 (g5 Ie 03 8

dgia owgd b ol Comkige 0 dSCisls o5 g 5 (55, e a};
Olghol anio oltils 03l gn wdign 2aSC2il>

Olghol anio oltils 03l gn wdign 2uSC2il>

Ol o 5 e o8l el g 5 (555 e qurign 0USCl
A gmpd b ol ¢ pkign 0uSLiil5 05l g0 5 (55 ke 05 £
A g3 b oS ¢ ptign oSl 5l go 5 (550 05 £
A gmg3 b ol ¢ ptign 0S5l 5l g0 5 (550 05 £
A g3 b oS ¢ pntign 0 dSLEils 5l go 5 (55 Mke 05 £

T o S

Sty g st (6537 Jmy 257>

skeal AL LS, S
skl BYTE PRI R g
kel SE 0Ll Je S
skl g S i S
kel A ) e Ao ST
il (g3l o Slbs e ST
skeal e g S
bl S5 S L Loydeme S
S S e S
skl Sy S sl e ST
sl Ldy S Lo e 2SS
Ll Sl je dass 27

st ;\:‘-é.b-} J_..l:-j:f:

Ladpp (355 0 4yl 9 9o

tﬁ@ﬁ}:fsth',’&o)m‘xg

NEIU-VY v&;d[&b Sy aiblel 2Taxio 9 gulpg

hitp://www.srlst.com > o5 s 4l (ISC) 51,00 (658555 5 p ke (slailate SbulS” 53 4 455 ol
9L775-1111 & sy Gy = 4 25 B3 = _pikige sdSCHl3 = dgdoe w3 olSiiils = dgion [ LS
http:// jmme.um.ac.ir : &sle s ejour@um.ac.ir : S s 2SI ey 38806024 - -,als






”‘444on)[«~5‘ @Jf‘tﬂ""“ )Z}"j&jJ}/a";""’l“f"%j*“"

oS 13T (85 31 O i Jho polw! 9 ALTi § AL Zr (S bungd T L™ 37 (Sl 50 i ol 390 5 (St _siwd
* il ol wT B 50 (AGE) S g
a5 T e

) s b O S o315 s

oS>

il S o) A5 Lo i AT g ALZr (sl JT L5 b ol iy 387 paian ] dinf (sl iombe o (g6 §5unlS o i gt ) o
Sl 5 Ol sttt nle 5 oS (S50 30 1 (Spln S 5 i Ol o AR B003-H14 ol i, 5 SLIT I IS ol (510 i A5 (FSP)
A 58K S gy Sl Usipad (Sl sy o o 3,8 Sl L[5 il 2 ol 3 g i (S o2 S ool
ol il pleas (ola iiSTy fdsar 48 ls OLii (qpleslos sy (ol oy o ks 455,80 g (KRD) oSOl ani] 7 il (5l 30T ol 5 GEM)
Ol ko > (gblion JT DS 7 oS 00 o ST tn I o b dle 5 iS5 03 S e foad o ALTE S ALZr (sl lo o] LS 5
o i 0303 G 5 b [0 92 st b L2 28] ST [ U5 o 3 45T (loniSUles NGl go 7 Lyl 0 oty ol oo 4l 0 1 S
o3lizal oo ol i j b oty o7 (S5 )3 S idn fuad 3 sebilio ST S ST it g (BGE) g S ST (sl o i

Wbl ool ooty ol il b s BT i e el 45 L

AGE Jas AlsTi 5 AlsZ AA 3003-H14 35T ilezl skl 15 (Gals™ sbosls

Thermodynamically Prediction of in-Situ Al;Zr and Al;Ti Aluminides Formation in Friction
Stir Processing Based on Effective Gibbs Free Energy Change of Formation (AG®) Model

M. Zadali M. Kotiyani K. Ranjbar

Abstract

In this study, Al-surface composite reinforced by in-situ formed 4/;Zr and AL;Ti aluminide particles was
fabricated by using friction stir processing (FSP). A rolled AA 3003-H14 aluminum alloy sheet and equal
proportion of Zirconium and Titanium metal powders as reinforcement were used to fabricate Al-surface
composite. Six FSP passes were applied to improve the distribution of reinforcing particles. Microstructural
examinations were performed using scanning electron microscopy (SEM) and phase analysis was done by an X-
ray diffraction (XRD) technique. Microstructural investigation revealed that due to the solid state chemical
reactions, 4/;Zr and A/;Ti aluminides have formed at the interface between the metal powders and the aluminum
alloy matrix. Formation of these aluminides with in the span time of less than 40 s, was attributed to the activated
thermomechanical condition induced by FSP. The effective Gibbs free energy change of formation (AG®) model
was used to thermodynamically predict the aluminide phase formation at the interface between the matrix and the
reinforcing metal particles. The results of prediction, matched well with the experimental observations.

Key Words Friction stir processing, AA 3003-H14 alloy,AlsZr and AlsTi, AG® model.
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Zinc Recovery from Direct Leaching Sulfide Concentrate Residue in Pilot Scale
N. Sadeghi J. Moghddam

Abstract Direct leaching of sphalerite is a new production method that is considered in the Zinc industries.
However, the main problem is relatively low recovery percent of Zn (less than 70%). The surveys show that zinc
content in leaching residue is more than %25 and other precious metals (such as silver, nickel, copper, and
cadmium) presence in there. In this study, a tubular reactor with 30 cm diameter, more than 9 m height and 440
liters” volume were used to Zinc extraction from leach residue. The residual sulfide leaching conditions and the
impact of factors such as the concentration of sulfuric acid, iron sulfate and sludge retention time on the
recovery percentage were determined. The results show that increasing the ferrous sulfate concentration
increases the zinc recovery percent but sulfuric acid zasn 't a significant effect on dissolution rate. Furthermore,
with increasing temperature, the zinc recovery percent increases. The leaching reaction rate is controlled by the
diffusion of the dissolution agent into the ash layer, according to the shrinking core model.

Key Words Direct Leaching, Residue, Zinc, Pilot Scale.
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Investigation of the Tribological Properties of MoS2/Ni Composite Coatings Produced
by Magnetron Sputtering

M. Akbarzadeh M. Zandrahimi E. Moradpour

Abstract

In this study Ni-MoS; composite coatings were deposited onto steel substrates by direct-current magnetron
sputtering. The MoS,/Ni ratio in the coatings was controlled by sputtering the composite targets. The coatings
were characterized X-ray diffraction (XRD), scanning electron microscopy (SEM), energy dispersive X-ray
analysis (EDX), and nano-indentation and nano-scratch testes. The tribological behavior of the coatings were
investigated using the pin-on-disc test at room temperature. The results showed that the thickness, and the
hardness of the coatings were 4-6 um and 850-1300 HV, respectively. The degree of crystallization of the
composite coatings increased with increasing Nickel contents. The incorporation of Nickel to MoS, coatings
resulted in a considerable improvement of coating adhesion and hardness. The optimum doping level for Ni-MoSy
coatings to show the best tribological properties, (the lowest friction coefficient and wear rate)was 14 atomic
percent. The main wear mechanism of coating were delamination and tribochemical.

Key Words Molybdenum disulfide, Solid lubricant, Physical vapor deposition. Wear behavior, Friction
coefficient.

3l e AV/O/TOT oy )b 5 AWV Wlie il ys o™
Email: akbarzadeh@eng.uk.ac.ir Onl Ol S Ol S jaly g oSl 3l go pmibign 2w (5 553 Jonamedll 1 1 e s 35 (1)
Ol 0le S 0l S al g o820 ol wtige Jisw bzl (Y)

Ol L e b dgd b s (F)
DOI: 10.22067/ma.v31i2.68157



wrocld 3l IMOSHINI o 4olS (gla iy il olat o

¥

slese MOSy sl 8 Ll h 4 g L
sskiaay 33l 63,50 1 Sl e slasls Ll e
I e
@by i 08t MOS, ity S ol
Stla sy POl sla i 5legs el ol 4 8 o 50
ssbea LS5 ple by obe LMOSy s ob s
5 eslial 550 MOSy idy Lolsr sl 5 3 s
s gl e J S Lokl gy Aol B, 08
5 S35l (Pl S 5 sl b ol D353 5 (023
i it 318 0 ) o Vi sla ity sl U
Sl ispelS slatds e gl s
bls 5V 2SS L ols 5 L5 soble L 5 MOS,
Sl eslinul aS gy sbas ciles sad slowl 5 3y james ol
SIS 8] e Gl I s Ssass, b id s ol
6]V 5] Cr [2] Ti Jasl ol 05533l 8 ool ot
SOSa ol 5 5 2l MOS; 4 ... 5 [8] CU7] M
Sk b 53 g hle Saslie L1
Sl e 4 iosb e e s il 55 00 S
S QS 358 ol 5o 4Kl VL Caslis 5 (S15
Sedsy 2ol S50 5 Caeal w4z s L [9] AL s
OsRlss 2,8 5 0l 8 5L s MOSy 25 5elS S0,
500 sbml slats, 5 by cpl dnmgs 5 ) p <O
CodS S S o 5 el Glaas sdons Ll
ol 53 s el il e MOSs ol 55 <L)
Aol Jaw s MOSoNI nslS la iy« hash
sl 3V 55 1Y 25 (S, s OL > S5 18 (1S
5 o 2osm Ol G3sm 5 5l 5 g ol 5 A
ol 45 S )5 i

XS BT BRI
Yemmx Y mm slal o Slaks AISI 1045 5Y 4 5

LS gy 4 MOSy by Al ags Y rmmX

L aw b s buy (ofims 0L sablae
Sib sy oKislesl 45 DST3-S Jus 4 laas sl

4ndde
S, il 3l S (M0S2) O se Al s (52
(b ol S sl Shy il e el
okl Cams o 5 oS lad 4 by s
S Col 2l Ce 5L 5 S-MO-S (laaY o (s
axdls S e oS s B O e S
e Sl S
o ‘Cﬁh’“ Sy g o3l cpl dlasl SUlg 5 s idiy
Lo s (2l Gl b lie Sl 5Kl ele
ols St (ladaoe (6)IS0lyy ahexl ol Ll d

sbals, Chin L 1]

oo I MOSy s A g s skieay o) el Lol
S s I o, Vb s s (Bl sS
ol U5 e a5 b s sd e 6 Rt aslizal O
S Fe 58S sl Slans ;3 MOSy Jdgy sl 55 s,
sy Sl il 3 RS s 0k Jelse s 50 5 B30
A2l YU sl 5 a2 (28 3L MOS,
Caglie (SWasl o Lbd falS sl
Ll e g oS e e 4 MOS, il il
4 Oemed Dol S O3S LS 5 5 Cusby ol
o sl s Glse sl s ole
SIS sy b e 3 Yl 0 558 gl
Rl S s i plhe OT (S gy plSoutul 5 oy 53
03 Y ol (ol Bl 5 DM g s s
03 Y b romen st (A VL gl
il 53 LSS slae Glag e Jlesl b5 258
TR Al edle Lisd e S pslie sbay
By o B o el Sl 6w cubs
ol SLS 5 el A5 MOO3 sk 8 S
ol D3 3y Lsd e 3] lea.w O s ol
Jﬁ&)ﬁcj@oﬁg}ﬁﬁdﬁﬁ@\e@w
2 S8hasl o s cnlaly 035 e Shle Olpe 213l
bl e eas Elsel cGule YL slacslas
s Lyld s MOS, idy 3,008 sdd sl g s

[3:4] 35 5 3500 sb o slsn 53 5 sl

1799 o3 ol o5 5 oo S

Sy s dj)jﬂ:"’ sige "‘f/““



Yv

Lf)bj_};‘)/j‘ ole~/ — s L u"’@/’" —’».Ld:a 9)&)5/&.’.&4

Joe (AFM) a3l (5500 s s S 3l ool (sulasans
.A% eslazwl Nano Scope I, Digital Instrument

2 Ol e 5 b Sslie sl skt
S om s A Sl 050l G Sl (i sy SIS |
ol eslizal (ASTM G99-95 55kl 3illas) Ky
S gots Saol o ;b Cd s s bl S Bus
) Sl sl D pmn b Sl slakd
SBL_ol 5,00 5 (o) Cols i Sl
o 2o Sl ke s gl L 0l e
e IS s e LooY) e S LN
0 &:?:L;J_&Ctz_.ijju&:oo' Cl_éjj\ (G A )
Db Ope3ldd sslizal /o) UM mlae (5 25 5 e e
2 ON Jlael gla sl s Sy S G —5 5
Cogby o Sl Ll b s 54l e /00 s
ssbieds (288 planil YARY °C (glos 5 Ao YOO (gl sa
5 S 5l sl Sl o anllins aallae 5 e
sslizes | WEGA/TESCAN Joke (SEM) issy 5,50
oy S pslas KaS Y KV W5 s T S
2 3530 (BSE) iS5y slaoys xSl 5 (SE) w56
235l

d.au.;@l:}
odalie a5 ‘ujfdl.o.sﬁ el oS oéjjT MOSX L;.;)ﬂls
o3 b S85ma s s eV s
uim S 9> J‘Miﬁ Cwles Jw“ul.:d.a o).ﬂ.;- 9 J>J>L7
sl
sk 3 EDX 56T 51 Lol @ (V) Jsax s
)).]édl.&.ﬁ el sl 4:\)‘ MOSx/ Ni ﬁ)}:ﬂls 6[.@&.&)1
osle BE u.o}_).e\ _}..p\.& u.u) Loy Jﬁ‘;gf sdalin a5
Oded 30 453 S 68 Ll Cd ool sline Jidg 5 Cida
S 3l 2aS a8 AL 0 V/VY0 (oIl MOSX iy 53

v S S8 Glug ol i (EY) (6 %S sl

Cgo (i dagd oK) Lwdly 5 55 oaKiassy
Clo Ko SO IS 4 B o3le oSaws ool 45023 S
e oolizal e e v Culis 5 e e 0 k3 L
5B O 5eas MOS; (sla s Tanl cids C b Coer
F3hes3 V0 5N 0 alie 3 IS L OT S 5 50 s
S o el S5 bl b Siss S ot e A 4
a3l b (G055 53 e 53 S Y MPA (6 5e S
AO+C® glos 3 (Ao )3 A4/4 o gls) 058 )T edid 28
LSS ol Gl 5 s S cele) Sle g
JYCIPRNTNE SIC T U TN AT
N5 e 4 OF VL (St 5 Sh3 5 kS 15
5 a5 Sl b So Tl s iy Jles! 3l |3
s mshe Gl sl e ss) sy s 5
LS oSt 0353 (A3 b g il b Sl S s esle
Cole & e 4 0551 6550 s Ollas o
Sl e Sl Y bl s (V) Jsdr 530,85 e 13

ol 0l

oisy S eY ks ) Jal

Sl Y bk
/0y (mbar) ,L:é
Vo (MA) oL
ooV (V) 55
~o V) bl 3Ws

ol 1L 28 g 3 55550 slajl all

Cu 26 LPhlips ¢ 5 Jue oSGl ansi 16,5 olSaw 5
4 3T mA 0L > 5 80KV 3kl cos Ka (A=1/54 A)
Xpert 15l o5 5).cd 8 oo adds T Ol s
XRD el 56T 5 llss (! HighScore Plus software
yb oK.MvJ)‘ L)Ll‘}}yb Q}A)T rL>u\ (e A ealaw |
oS 5 oL Coppact platform NHT Jus olis 5 3
o=~ Hysitron TriboScope ,i;3le,— ;I 5 CSM
23 S 5 esla il 5,40 La esls Jelos sl (7,0,8,8)

Sle s iy e pwlige 4 L

1799 s o plact oS0 s oo SLs



okt e IMOSHINT 2 guolS” sl ity il ool a0

S &S ploksS gy 5l ol MOSk gl iy
et S el xS Ul Il 50T (e S sl
Loorl »oesdle 1] 5)ls fdisy 8 Oy 0 (o5
s ¢S R e A s IS e 1
P33 S8 S5l ole b S8 W e sl OGS
S ol OS5, oS Oy sla0s 5,55 5
Gl iy o 0ddge @ 3 88 Cod lply 5 ensel

[12] b o aal 53 MOSy/ Ni 25 508

] 2 S(at.%)/Mo(at.%) O | .
3 O(at.%) @ ‘li
9, 3
¥ 15 9%
I S i
2 104 -6 13
D %,
s g
3, 0.5 L3 §
| “
2

0. 0

0 5 10 15
Saa odle 2 150 o8 aee

5050 43,555 (5 S gl L iy IS5 Y IS

s 53 O5eS lia

03,51 (M) IS 55 b iy 5l K 8 XRD il
(M) b il opl oS Cubhs Cs 4ol sl
XRD sl Sl sl s a¥ 3 3l cds b
O3 XRD 80l 4y a5 Ll 0 ol a2
Dl 5[] e 55 8 3 23 4, MoSk
2 M aS sl 4B S Dy g sy D sk
amio oS A5 a2 fols SL3MOS, iy SISkl
i 5 Jlast b 1S 1B N 5 e b (55150 (44)
urt 5ok U sy a Slie ) SW
Ll «(®e/0Y) Wl o gdd Jals iy Skl
[V] Cgr 53 o 5 A5 Ghls (fdsy &S S50
(oS 5l N5 e bogilse (407) amio) LSL
55 e 3gm S 5 ol ST ) i

S e o VL s s gl 5y SKasl Cu s

T e N e e N
Sl Gl el b 4 sy Sl ey XS
03558 he pl 52 48 L oe mhans Sl gy slagS]
Cod Fomly o3l o 5 S Sl 551 rals e

[10]5 55 o Bl il iy sl 51O 50 4

5

BRI 6JK>M05XJL.:)JTC}9LC1M)~\SEM JORwS; \Ji.i

IS5

235 Gl id s sk SIEDX BIUT 51 ol b ¥ Jsdr

MoS,/ Ni
Cida esle S 5 (o5l do3) by S 5
(533 Lasd) Ni Mo S Fe 6]
MoS, O I A I 7N B A2 RN
Ni: /0 q Y. Yo | YA A
MKISiU Ni: /. |} A YA Y \
Ni: V0 | YY | YA | Y¥ | ™ a1

53 OgeSh M 5 S sl s 3lie

sl &I (Y) K2 55 MOSy NI 5508 (gla 2 g
ke IS bl b3 pd e sdalie S sboles ol
GLas 53 39 go O5enS| il o P8l g 53 O3S
Sle Das smba S Ao o Lt
558 ol Kl 5 03500 358 M0OSy JUS15%s
3 de K& D seas MOSK il 55 S 055 o0 a3l
S R alale sl e Jas 0581 358 2
23 O3mS) g Al o SAS s 53 O5nS) Sl

TP o eplon o s oo Sl

Sy s JJ:JJ'/[:"’ g "‘:’/“4



Yq

ol s zolo O] = ) Lij 27 0 —’ﬁ..u:a 03/ ST (slgo

Tivresnin

")

ey
wiing

[

|
|

LR ICTDS, cord s S et
o Mk OTES cord e 7 T006

»

MoS, iy XRD 81 ¥ IS

* Vot (JOPDA, cnrd e: 87 24040
N Fe UCTDS, card st W65
A N JCTDS, cand sed Todman)

= BawN s \f._“/\..
‘ F 14 st% Ni n,p""‘” N
- —— wrineY Youd
zi . L
: | o .
:ﬁ | ! o Ni 'J'l""n :.\"“ WA
5 ‘;mv/ 'v--va’”:: g 2 Wy
3 =% M
¥ 0 at% Ni Mr’l V
/ | —

»

MOSUNI 2535 sla i s XRD (5,81 £ S

Tey/Toy Sl ol Sl o polie s ¥ gl

MOS/Ni (sla i 5,

YY/Ni \ £/Ni 47/Ni .
MoSy 4 gas
MoS;- MoS;,- MoS;-
- /YA Vo or | Ty Taen
15.000 33.000
0(002) @100 |
= 10}
2 14750 32750 o
o 0 ’ =
E ! :
— ¥ s
; ) 14.500 - w 32.500 35
e 4
g 2
2 2% -32.250 :’jf
2
14.000 - - - = 32.000

Ni Content (at.%)

MOSINI (sla s (Vo) 5 (40 ) Slomios G5 asl3 0 S5

[13] (e/8) any o

2 MoS fly Slmis Sy osb 4 s L
333 5 e s sk a3 00 5l S YO gL
53 S MoSy Ni n5mlS sla 2 XRD (sla S
JS8) ol o enls Ol a3 00 Ve cule sUls
Olges (IS Siulsl b ossd e sdalie &S €5,80kea (&
SMe 4 S ) sl 4S5 sba 4l [ialS Slio 8
Olio 6,8 o8 G el jlle )5 o3l s )3 YY
ol ol eds XRD (6 S 55 MOSy st 40 by e
035581 3 53 4K 3 b gl sl sl KU 5555
ol ol Gpsal 4 s S jlle LS 5 S
53 (V) Sl oy (00 Y) i 3L b
53 0k S5 Gl dmls ol 0l o351 (V) Jsi
P Sl e 4 Sl Ao )3 VY (ol 5508 s
s yadie MOSp Sl 4 by s Slmiw 6,8
ool L e S5 Cnd s 555 0 sdalive &S ) bOlen
Al B ol s IS

5 () Slmio B8 sl s (0) IS s
SsbOlen .ol o 03, 5T MOSK/NI (la i g0 55 (Yov)
G by G sl (SS9 SR s e sdalia oS
S Js ek ralr iy polie Caw a5 (44 ) amio
a el Sl LB (V00) Slomis 4 bgy e G5 35
35055 (R YTAR) 55 8 Slomio Ol sl sl s
SS o3 Ol (bt ol sl syl Chns L s
SO 31 i 3558 Sk 1 s o358 e
S S Gasl bl s 4l a5 Ll Koo
ol 03558 ol gl il 5 88 Slids pole J slad
Sl il o 1y e 5 LB plsel (S sl 5o el
skl o jole ol slaie (il b bl eaeS e sl
MoSy Sl 55 o sl £l ol ol ziy Il
Ol KA sy (1Y) Dlmio 04D 3,28 Lol
G () amin B8 agly plale 058 e Lol sl
J1A]5 55 o rals xiy slie e

Mg o 55, lee e 4;)*:-’

’f"l‘l‘j)aj/.«.;‘p&,‘fﬂdu



ol )@/MOSz/Nl L)’E’J}:‘"L{duﬂﬁ L;-.::/Lw f{}? Py

Sl Giedigy Lalses Sl S 2l adlats Ges iy oS
S Jeol (herit) Sl Ges 5 Porit) Sl w59, ol
@l il e Ay (S pSotd Sl 05051
0355 yole Cilises slie 5 3l b 005l 5l Jeol>
ol o 51 (A) S5 s MOS) NI (sl i gy 4 ol
ol Ol essdoe 53) MOSk iselS slaidsy
SMee (6ols MOSx Ll idisy 4 Cond (ol 03538
war g bdb e VL Sl Ges s Sl G
4 odisys b sl edddlesl 65,0 Sl (Sl JL 4
(ol OF 0 kS b 5 (SonenS 51 J8 i e
Pl (s Ulse 4 (93L5 (Sily (Sl DL e
[15,17,18] 5505 et slosl (225 [S5,25 5 oS15 55 5
s G Ranh cpl 03 sph e sdalie S sboLes
= s (U JSK8) s b O30 5 Jeol> 2k o

2l s (A JK3) a1 56 Osesl Sl ol

1200 nm

1000 200
L L WSS }
3500 — {
=, 400
3900
Z 2500 ; i 3003
T 2000 I :
= T —— .,
1200 { s
1000 {
}_, 100
S00
o 0
0 s 10 s 20

Ni Content (at.%)

SselS Gl iis Slow slrals 5 Sl Jb slis A S

il Bl i b 0 sa5T 51 Lol MoS,/ Ni

U Osail sl 5l ol bl (V) S s
S yshiles ol ol Sl a i 51 a j3 ekl
e gl o3 VE Iae B S 055380 3 55 e otalie
G sy P e 35l e Gl e Rl 4
(oS Sl 3 b plor s &S > g8 (B Ol e
Slalae el 52y 4 Col b plral Ll il
Pl 5 Jslome Slail &8 al&n 53 e 03le 055 25
Sl S0 mdse S5 sl (s o S5 L
Jree 1 Lol o8 = 5 azils 5,5 5 b slral cpl L oS
il 3 esle Caeslie o 5 pla s e slol S
sbobae SIS ) b SRl Sl
(ol Sty IS8 ns ol s el slpe e glie
Sslite o3l a5l I 5 Jske glags] S K
b 5 e a5 0l ST ad g 15 Sladan sl
pole S Sl b ms b ol s SIS ) b gl
Sl s el Jglome il bl 5o S8l
e Shall el jobie bl Al adls sas
B Dlie o NG gLl Sl s S g sba 00 5
S5 Jis slasl gLl Il Sl bl 6555 o ol
Ol i &S ol 3l by 03 e O (55l
Wl A L SR N e (R e B O e
[15,16]

Hardness (GPa)

-

0 5 10 15 20 25

Ni Content (wi%)

MoSy/ Ni 5508 (sla 2 s e islie T K3

sl Sl sas @l (V) IS 55 (MOSk 25 5elS

’r‘f‘f;j.)yw‘p&jwdb

Spn s Syl pnlige &5


https://fa.wikipedia.org/wiki/%D8%AC%D8%A7%D9%85%D8%AF
https://fa.wikipedia.org/wiki/%D8%AC%D8%A7%D9%85%D8%AF
https://fa.wikipedia.org/wiki/%D8%AA%D8%BA%DB%8C%DB%8C%D8%B1_%D8%B4%DA%A9%D9%84_%D9%BE%D9%84%D8%A7%D8%B3%D8%AA%DB%8C%DA%A9
https://fa.wikipedia.org/wiki/%D8%AA%D8%BA%DB%8C%DB%8C%D8%B1_%D8%B4%DA%A9%D9%84_%D9%BE%D9%84%D8%A7%D8%B3%D8%AA%DB%8C%DA%A9

A

ol s zole Ol s L o2 e —’ﬁ..u:a 03/ ST (slgo

Lyl piobl 5 ¥ 5 e bakile oy el (s
Shvl o, g wlel 5 [17,19] el Sl
5 G e slie (A JSKE) () ls
IS 55 5 sl MOSWNI sla i sy Sl s,
A= 5 SKasl oo Ol usd Ly .Sl ol &1 (VY)
Sl oglite S5 Olpe m Lo 23 oL
Shasl o ;b e 3 2S5 5 o stalive 4 sboles
3 EFSSKw ) il e YL 5 (m0/V0)
ool Aoy Ve e s S0 (gsl i smelS sla il s
Oljes 0 Al i g OILL dom e sl 0l Lol
SEhsl o 5 Sk ol (e (Sl
ok ol s s e edalie &S sboles Lol i
JS8) w53 U Ogeil 5l ol ml e o Bl
.JJ\H?J(AJQ)d:t,;j;uoyjjtyu@u}(w

[X)

0
for
o
E s
e

g ll:’ m*

0.2 _'uwww.,‘mﬂ)«

0 » 1= 150 0 b
Distance (m)

(<

¢
Aok 9ars N

g
i
-
b1
s Mok 14l N
= &
£ '
€
“
e
"
. (] 0 »e wo
Diktance ()
)

il Gl s Sl o b Sl o 4 K2

MOSINI sl i g (o) MOSy gy (<) & Loy o

53 SBhol oy, Olss eve (4) K2 s

Lo o o351 L i g 515 il glacilos
Sdlne ey SWaol S Dl pows a5
I, MoSx b Shol ks, (-4 IK8) sl
e ol a3 sl el W e w0l
ol oS O DUl anals 5 (¥0/Y) <l o S
53 SBhol b s 1 1S (613 mhaw al e ]
e s A ST Ll (Bl Ose3l b
Al il e O Dbl g als 33 5 Sl
ol gt ediaslts e SISkl (s IS
do ol 3 O] ol i w5 O eS|
5 okddld Olen ba Sasl (e (slap 50l
5 blsaal i 208 e SUT Shay sy
T e S T e ST
Ot il 3 0ol el 4 e 4 Sl
OsrdenS il o Rl Ddda uled 53 shas
Glos Ll Loy aole Coles b 5l de MOS, (i g
WY opl Sl @ a5 b pud el mshau
o osbie AR S s e 35 g ey o (5eS]
gl Sl s eslaiensil 1 s Caslie &Y Gl imlaw (555
Ol 6,553 5 ialee D3 sbul b o 355 g0 oS
P h s a2 Ol 5 DA el a3
e Skl b oss al e 53 (pl by 050
gl 03 SBhel sl s Sl g b e SRl
p c]d..d S ol 53 ”L,La Odsnr Cde 4 A 10
23 0 035,85 bced Gl e 3 (il s ey 3l
L oI 0T sls GBI s sy g 2l o
i A a0 bl e RalS OF 0 L,
(Uil 05051 Job 53) 595 Sltie op VL s Sl
Sl Sasl oo s 4 Sgosba 58 e ool
JK) Ve Gl b sl a0 (B0/A) Y 5
5 od bl s (5555 ol sba MOSK ik s ()¢
2 SBhol e 0ad b 8 e 0Ll AN 5

ol ediasolis il Oga3l Jgb 55 55 Jldie o 5L

e s Sipla ikign &

’f"l‘l‘jaaju‘p&,‘;ﬂdu



ookt Sl MOSHINT 2 sealS (sl ity sl ol e

Y

s 3 cp) 53 (Delamination wear) (glas 5 il sl
A 3 e A e ) il b
Sl e @) sl sba il LT Tl S
rlaby il (5l SRl sl (55855 Olpe (3L
o Al e Gl Gledigr D) soas ol BLE 5 Les
polde &S > 5 SKhosl 35 cle @) Ol = il 5
rlRls s edd A 043 £ o (o 55 2 0kl
And g RS SKadly p b ekl o L 0T slis
SAES 5 Sy JS5 o syl &5 > L oS Ol
235 gl 53 b 5 LS 5 el e el a5
5 LSSl e Gipd well bossd e sbel O
Aiph Seap RS 5 eaped A, b Sl
NP L sl ‘clﬂ»‘ S O S ulg
2 S e Ny s 5l Rl 04 e 5 LSS
Slagidisy s gl Sule sy 58 alie Sl
[20-22] ol s 455 3L 5AS by, 5l ol MOS,

%
Fe 22
Mo 20
'S 32
0 4

"
Fe 32

LT ol o MOSy 255 63 oyl o 5ISEM 5las 1Y I3
3 ONGs 508 5L 2o Ve (S) 5 5 00 (A) b 5l 4e EDX

A MIs Las)) Ce

S 7S dones
b8 Gl Eely a3l Ao 3 YV Sl 4y IS5 0580 )
XRD (55 53 M0S; Slistle 40 b g o Slmis (8

S0l '

LT ol en MOSy 25 53 6 osls pelas 5ISEM  poas Ve IS
oy 9 O N s0e 5L) 2o Vercilis b 5l ae EDX st
(/N mis i3

0

-

Coefficient of friction
= f
H
(424233 Smpys)

Q [ 2000
§ Endurance of conting O e

oos §
Coeflicient of friction B

0 s 10 18 »
NI content (%nt)

(S 31a3) gy 58l 5 SKasl (g o Ol s V) IS

MOS/Ni (sl i gs Ol e b

o o 4 MOSy iy isle aikeis 3ISEM s sl

S s il 253 glacilas b Sl de EDX LT
a\ﬁb%.\d&é’wmrﬁﬂ;ﬁ)uiw‘o.uaéjji(\\‘)
5 Sde ST 58 s e gmene 5 Bl aslil gl
)bJ’LA\" &Jﬂuwub)\wwﬁd.).&oﬁ
G o S ssd e ey Al adks o
S35l aks polie ol jeras mlas 5> (Sl 5SS
J.:.:.;J saasolis 45.5‘9...2@ o> J:".’.L"‘ et 9D 45.';.:[...»
A Sle BIBIL s b (S el
Sy s Sl s Gl sy O M 4 a5 Lol
sl s Sty g ek 5 il wslil gl g

”‘qq ;j.’:)w:’,&jwdb‘/

e s iy ke oige



Yy

Lf)bj_};‘)/j‘ ole~/ — s L u"’@/’" —’».Ld:a DJ&)S/L;J.&J

W 5 (R0/10) SIS sl o b ke oy aS T Sy el ey S kel s
sl 0l (’}‘Al?- L;cunl Ju.ﬁ).) \f_‘)‘.l;.a‘)b().{yéjl?- duu;'_«;ﬁ L &)‘Jﬂkﬂ.’.}-)([’crlt =YoX \'7£N)

10.

11.

12.

13.

14.

15.

Ao S e g LI il NP

&l

Stewart, J.A. and Spearot, D., "Atomistic simulations of nanoindentation on the basal plane of crystalline
molybdenum disulfide (MoS;)", Modelling and Simulation in Materials Science and Engineering, vol. 21, pp.
45003-45009, (2013).

Renevier, N. and Teer, D., "Properties of rubbed and Unworn bulk MoS, Material, MoS; and MoS,/Titanium
Composite Coatings Deposited by Closed Field Unbalanced Magnetron Sputter lon Plating”, (2015).

Wang, Z.M.,"MoS,", Springer, (2013).

Efeoglu, I., "Sputtering MoS,-based Coatings", in Encyclopedia of Tribology, ed: Springer, (2013).

Huang, C., Jin, Y., Wang, W., Tang, L., Song, C., and Xiu, F., "Manganese and chromium doping in atomically
thin MoS;", Journal of Semiconductors, vol. 38, pp. 3300-33004, (2017).

Robertson A.W., Lin, Y.C., Wang, S., Sawada, H., "Atomic structure and spectroscopy of single metal (Cr,
V) substitutional dopants in monolayer MoS;", ACS nano, vol. 10, pp. 10227-10236 (2016).

Zhang, K., Feng, S., Wang J., Azcatl, A., Lu, N., Addou, R., et al., "Manganese doping of monolayer MoS;:
the substrate is critical”, Nano letters, vol. 15, pp. 6586-6591, (2015).

Zhang, Y., Shockley, J.M., Vo, P. and Chromik, R.R., "Tribological Behavior of a Cold-Sprayed Cu/MoS;
Composite Coating During Dry Sliding Wear", Tribology Letters, vol. 62, pp. 1-12, (2016).

Wang, H., Xu, B. and Liu J., "Micro and Nano Sulfide Solid Lubrication: Springer Berlin Heidelberg", (2013).
Bulbul F., Efeoglu ., and Arslan E., "The effect of bias voltage and working pressure on S/Mo ratio at MoS,/Ti
composite films", Applied surface science, vol. 253, pp. 4415-4419, (2007).

Lansdown, A.R., "Molybdenum disulphide lubrication ”, Elsevier, vol. 35: (1999).

Rigato V., Maggioni G., Boscarino D., Sangaletti L. ,Depero L., Fox V., et al., "A study of the structural and
mechanical properties of Ti/MoS; coatings deposited by closed field unbalanced magnetron sputter ion
plating", Surface and Coatings Technology, vol. 116, pp. 176-183, (1999).

Wieers, E., "Bipolar pulsed sputtering of MoSx coatings: plasma diagnostics, micro-structural and tribological
study", (2002).

Kaindl, R., Bayer, B.C., Resel, R., Muller, T., Skakalova, V., Habler, G., et al., "Growth, structure and stability
of sputter-deposited MoS2 thin films", Beilstein journal of nanotechnology, vol. 8, p. 1115,(2017).

Qin, X,, Ke, P., Wang, A., and Kim, K.H., "Microstructure, mechanical and tribological behaviors of MoS,-

Sy s siplls pligs 4 L 1¥99 o5 oylact 0 s s Sl



wrocld 3l IMOSHINI o 4olS (gla iy il olat o Y

16.

17.

18.

19.

20.

21,

22.

Ti composite coatings deposited by a hybrid HIPIMS method", Surface and Coatings Technology, vol. 228,
pp. 275-281, (2013).

Ding, X.Z., Zeng, X., He, X., and Chen, Z.",Tribological properties of Cr-and Ti-doped MoS 2 composite
coatings under different humidity atmosphere"”, surface and coatings Technology, vol. 205, pp. 224-231,
(2001).

Holmberg, K. and Matthews, A., "Coatings Tribology: Properties, Mechanisms, Techniques and Applications
in Surface Engineering: Elsevier Science", (2009).

Gangopadhyay, S., Acharya, R., Chattopadhyay, A., and Paul, S., "Effect of substrate bias voltage on
structural and mechanical properties of pulsed DC magnetron sputtered TiN-MoSx composite coatings",
Vacuum, vol. 84, pp. 843-850, (2010).

Kao, W.H. and Su, Y.L., "Optimum MoS,—Cr coating for sliding against copper, steel and ceramic balls",
Materials Science and Engineering: A, vol. 368, pp. 239-248, 2004.

Song, W., Deng, J., Yan, P., Wu, Z., Zhang, H., Zhao, J., et al., "Influence of negative bias voltage on the
mechanical and tribological properties of MoS,/Zr composite films", Journal of Wuhan University of
Technology--Materials Science Edition, vol. 26, pp. 412-416, (2011).

Deng, J., Song, W., Zhang, H., and Zhao, J., "Friction and wear behaviours of MoS,/Zr coatings against
hardened steel”, Surface Engineering, vol. 24, pp. 410-415, (2008).

Renevier, N., Fox, V., Teer, D. and Hampshire, J., "Performance of low friction MoS; /titanium composite

coatings used in forming applications”, Materials and Design, vol. 21, pp. 337-343, (2000).

H“i‘i‘j)yw‘/,_@j‘;wdu .J_/),dj‘jjjj/&d‘;w,l..gx;:;jw



M‘H‘j)yw‘ glu"”ﬁﬂ“ J[)AJJJQ}/L%‘;AW%/W

* Fe-Mo-P-C-B ooxe> B390T SWT (6 3kw dind Culsl 9 ULy y ¢ 5 039391 W30

® Sk ol Bolo dwe T e Pl el VgLl L

oS>

o2
el ol Sl e i o O i s 5 s o FEMOPCB. ot ol LI s (sl Sl IS 033381 ol judilo i
5 S Dl e (Kl s Py s e Al ) s S et (slad sl Sl eslénal b IS i pslie o 3 LT
o g8 b a5 3l SLLTEM XRD Cpnil gl b s s ¥ B (slslons diile s (Sl s 5 (5 i ST s S
Sl s Lkl lald il g sb Slajl S 0o (sl s s s bl o 18] a8 ST O (sl Cobls IS ail oo s
S s b sl gy il i rltd 28,87 a0 5 ok 45 A it Colgd 3 ol s o o i o il otz I b 5 5L

.W‘j/éjfﬂijgj)

IS O gladed Cohl iy S 50 e Sljlais SOl SB19

The Effect of Ni Addition on the Microstructure and Glass Forming Ability of Fe-Mo-P-C-B
Bulk Amorphous Alloy

M.Ansariniya A.Seifoddini S.Ghasemi-Banadekoki S.Hasani

Abstract

In this work, the effect of Ni addition on the glass forming ability (GFA) of FeMoPCB composite alloy was
investigated and the optimal amount of Ni to improve GFA was determined. So, the thermal stability of this alloy
with the various percent of nickel was investigated by not only experimental methods including; differential
scanning calorimetry, X-ray diffraction, optical microscope and transmission electron microscopy but also
computational methods such as y <5 <«a and etc. The results of XRD test, TEM showed that in the presence of 10
at.% nickel , the glass-forming ability of this alloy increased, while in the presence of lower or higher percent
nickel, different crystalline phases were detected. The presence of crystalline phases was also investigated by
microhardness test. Finally, it was found that the results of the computational methods regardless of the
experimental results don’t have enough accurate .

Key Words Bulk metallic Glasses (BMGs), Crystal phase, Glass forming ability, Nickel.
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Friction Stir Welding of Monel 400: Microstructure, Substructure, and
Mechanical Properties

A. Heidarzadeh

Abstract

In this study, the microstructure, substructure and hardness of the friction stir welded Monel 400 were investigated
and compared with those of the base metal. For this purpose, the Monel 400 plates were friction stir welded at a
tool rotational speed of 400 rpm, and a tool traverse speed of 100 mm/min. For characterizing the microstructure
and grain boundaries in base metal and stir zone, the electron backscattered diffraction was utilized. The
transmission electron microscopy was used for studying the substructures. In addition, microhardness test was
conducted to hardness measurement. The results showed that the grain refinement, increasing in dislocation
density and Taylor factor were the main reasons of the higher hardness of the stir zone.

Key Words Monel, Friction Stir Welding, Microstructure.
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Effect of Colloid Zirconia on Corrosion Resistance of Low Cement Alumina Mortar under Arc
Furnace Slag

M. Ebadi E.Salahi H.Mjidian A.Faeghinia

Abstract

The purpose of this project is to improve the corrosion resistance of alumina base low-cement and ultra-low cement
mortar against arc furnace slag. For this purpose, calcium aluminate cement was replaced by 1, 2 and 4 wt.% colloidal
zirconia. Andreasen coefficient of 0.23 was chosen as a reference sample using 5% cement. Density, porosity and
corrosion resistance of samples sintered at a temperature of 1620°C were measured. Microstructural investigations X-
ray were also done by diffraction (XRD) and scanning electron microscopy (SEM). Results were show that the samples
which contain colloidal zirconia have higher porosity lead to the more penetration of slag. Corrosion resistance was
improved by 2 wt.% colloidal zirconia.

Key Words Steel, Corrosion, Zirconia, Alumina.
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Investigation of Spot Welding In Similar Joins of Martensitic Advanced High
Strength Steels (AHSS)

M.Tadayonsaidi B.Ghorbanian

Abstract

The mechanical properties of weld were studied by the use microhardness testing and tensile shear testing.
These days to reduce vehicle weight use from advanced high strength steels. The most important method for
joining this sheets is resistance spot welding (RSW). The welding current and the welding time are the most
important parameters of welding. In this research, similar welds of martensitic advanced high strength steels
have been studied which they had joined with RSW. Results are showing, the critical current is 9.5KA and in this
current the failure mode is changing from interface mode to periphery mode. The most failure force occurs in
10.5KA and this force is about 26.5KN.

Key Words Resistance Spot Welding, Similar Weld, Martensitic Advanced High Strength Steels, Mechanical
Properties, Failure Mode.
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Effect of Tantalum Oxide Addition on Hydrogen Treatment of Magnesium Hydride
Nano-Composite Produced by Mechanical Alloying

M. Mehrabi M. Rajabi S.J. Hosseinipour

Abstract

In recent years the Hydrogen was considered as fuel by many researchers and scientists. Given that solid mode
storage of Hydrogen is the safest and the most productive mode, many projects have been defined in the field of
improving Hydrogen properties of the metals with the most capacity of Hydrogen Storage. The compositions of
materials contain Niobium were used in many researches and the desired results were presented in multiple
articles. According to the similarities of Tantalum to Niobium in chemical and physical properties, and by
considering that there are rare researches about the effect of compositions of Ta on Hydrogen properties of metals,
the decision of studying effects of Tantalum Oxide on MgH, as base metal was made after reading many articles
about the compositions of Tantalum. In this research, the composite materials, with the compositions of MgH--
10%wt Ta,0s, MT1 samples; and MgH»-20%wt Ta,Os, MT2 samples; were prepared by ball milling of Magnesium
Hydride and tantalum oxide powders. Effect of additive and ball milling time on structure of magnesium Hydride
were evaluated, contains grain size, net strain and particle size and also the dehydrogenation properties of
prepared composites. And were compared with ball milled pure Magnesium Hydride. It has been shown that the
addition of Tantalum Oxide to Magnesium Hydride at the primary time of ball milling cause reduction in particle
size from 10.6 to 0.27 um in ball milled MgH>-10%wt Ta,Os for 3 hours (MT1-3 sample) and to 0.25 um in ball
milled MgH2-20%wt Ta,Os for 3 hours (MT2-3 sample). As a result, the dehydrogenation temperature of
mechanical activated magnesium Hydride after 3 hours were reduced from 405 C° to 382 C° for MT1-3 and to
370 C° for MT2-3. The change in amount of temperature reduction depends on numerous reasons such as the
percent of catalyst and the metallic phase that has been formed during ball milling.

Key Words Magnesium Hydride, Tantalum Oxide composition, Hydrogen Desorption Temperature, Mechanical

Alloying.
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Optimization of Effective Parameters on Copper Bioleaching from Low-Garde Sulfide Ore from
Shahrbabak Copper Complex

S. Sheibani S. Beikzadeh Noee F. Rashchi

Abstract

In this paper, the effective parameters on bioleaching of copper from low grade copper-sulfide ore from
Shahrbabak copper complex were investigated using design of experiments. Mesophelic bacteria of A.
ferrooxidans (T.f) and A. thiooxidans (T.t) were used. A two-factorial methodology was used to find the effective
parameters. Response surface methodology was applied to optimize the leaching of copper. The individual effects
and possible interactions of pulp density, percent of T.t bacteria and amount of Fe on the bioleaching of copper
were investigated. The optimum conditions were determined using statistical analysis and analysis of variance
(ANOVA). The optimum conditions for the copper recovery of 99.4% were pulp density of 7.55 g/mL, 80% of T.t
bacteria and 20 g/L of Fe. Also, the most effective factor for the copper recovery was the percent of T.t bacteria.
Furthermore, the statistical analysis indicates that the model fits the experimental data well.

Key Words Copper, Bioleaching, Sulfide Ore, Design of Experiments, Two-Level Factorial, Response Surface.
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The Feasibility of Producing CoCrFeMnNi High Entropy Alloy Coatings by Electrochemical
Deposition Method and Its Characterization

F. Yoosefan A. Ashrafi S. M. Monir Vaghefi
Abstract
High entropy alloys (HEAs) are commonly defined as alloys composed of 5 or more alloying elements and several
particular HEA systems have the ability to form a mono-phase solid solution structure. Altogether there are many
high entropy alloys with unique properties. The production of high entropy alloys has been carried out in two
types of bulk and coatings; HEAs are usually prepared by physical methods that used for obtaining bulk materials.
HEA coatings have been produced by various deposition methods. Electrochemical deposition is a low-cost
alternative for the synthesis of high entropy alloy thin films, and less research has been done on this method. In
the present study, CoCrFeMnNi high entropy alloy was produced by potentiostatic electrochemical deposition in
a chlorine bath with DMF-CH3CN solvent. The effect of applying constant potentials at values of 1, 2, 3, 4, 5 and
6 volts on the formation of a high entropy alloy with a solid solution structure FCC, composition and morphology
was investigated. Microstructure and chemical composition are determined by X-ray diffraction for thin films
(GXRD), scanning electron microscope (SEM) and energy dispersive spectrometer (EDS). Potentiodynamic
polarization and electrochemical impedance spectroscopy (EIS) are used to investigate the corrosion behavior.
The results of the EDS analysis showed that the chemical composition changed with the change of each
electrodeposition parameters, but in all states, the entropy of mixing around 12 JK-*mol* that was in the range of
formation of high entropy alloys. The results of the GXRD analysis proved the formation of a solid solution
structure with the simple FCC phase. Coating morphology in a constant potential coating was flat, non-cracked
and compact.
Key Words High Entropy Alloys, Solid Solution, Electrochemical Electrodeposition.
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Developing Phase Diagrams for Nano Binary Systems by MATLAB

M. Tavakoli Khorasani  F. Teimoory M. Mirjalili  S. Sahebian

Abstract

Reducing the dimensions of material particles down to nanoscale, can affect the particle properties such as its
melting point and equilibrium phase diagram. In this study, a program was developed by MATLAB based on the
thermodynamics of surface. The program was used for plotting phase diagrams of nanosystems and comparing it
with the bulk ones. According to this study, it was concluded that reducing the particle size to nanoscale leads to
lower solidus and liquidus temperatures in the equilibrium phase diagram. Furthermore, reaching to nanoscales
decreases the solid solubility regions.

Keywords: Nano-particles, Phase diagram, Particle size, Melting point, MATLAB.
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Study of Addition of Tetraethyl Orthosilicate (TEOS) on Microstructure and luminescence
Properties of Nanoparticles of Y,O3: Th** Phosphor Materials

S. M. Rafiaei

Abstract

In this investigation, firstly Y,O3: Tb*3nano-powders with the approximate size of 80 nm was synthesized via sol-
gel approach. Then, with the addition of Tetraethyl orthosilicate (TEOS) to the considered raw materials, the doped
YSO compounds were produced in the presence of different amounts of SiO; and crystallographic and microscopic
structure and also the luminescence properties of the produced materials were evaluated. To study the formed
phases and also particle size and morphology of Y;0s: Tb *® and YSO: Th *2 synthesized structures, X-ray
diffraction (XRD) and field emission scanning electron microscope (FESEM) were used. In this research,
interestingly it was seen that the addition of silica results in the severe grain growth and this size reaches to 300-
400 nm. In addition, with the employment of photoluminescence analyzer, the optical properties of these materials
were studied. Finally, it was determined that in a case that the quantity of consumed SiO, phase is equal to the
stoichiometric values required for the formation of Y,SiOs, the highest emission intensity is achieved and the
higher amounts of SiO; leads to the reduction of intensity.

Key words Sol-Gel, Optical Properties, Luminescence, Nano, Phosphor Materials.
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Investigation of Abnormal Mechanical Behaviour of a Low Alloy Spring Steel containing
0.5wt%C-1.7wt%Si Under Bainitic- Martensitic- Retained Austenitic Condition
Sh. Pashangeh H. R. Karimi Zarchi S. S. Ghasemi Banadkouki

Abstract

In recent years, more attention has been paid to the development of advanced micro-compositic high strength
steels. Multiphase steels are a new family of these steels. It is possible to create the micro-composite phases
containing bainite, martensite and retained austenite in their microstructures by selecting the appropriate
chemical composition and heat treatment cycles in order to achieve the optimum engineering properties. In the
present research work, high silicon steel sheets were selected and then heat treated to achieve triple phase steels.
The heat treatment cycles included austenitizing at 900°C for 5 min, quick transferring to 350°C salt bath, holding
for different times between 5 seconds to 5 hours and finally quenching in water in order to achieve the triple phase
microstructures. The mechanical properties and microstructural investigations were carried out by using macro-
hardness tester, tensile test, optical and scanning electron microscopes, respectively. The observation of resulted
microstructures showed the various amounts of bainite, martensite and retained austenite phases have been
formed in the specimens that are responsible for sharp and uncommon changes in tensile and macrohardness
properties in comparison with those of third generation of advanced high strength steels. The results indicated the
ultimate tensile strength was increased from 1850 to 2052MPa for the specimens treated from 5s to 50s and then
decreased to 1386 MPa in 300s and again increased to 1460MPa for 1 hour specimens. These changes in
properties were analyzed on the basis of the volume fractions and different mechanical behavior of bainite,
martensite and retained austenite phases. The best condition for achieving the highest toughness which can be
calculated by the product of tensile strength and elongation (25.9 GPa%) was obtained in the specimens heat
treated in 350°C salt bath for 200 seconds.

Key Words High Silicon Steel, Heat treatment in Molten Salt Bath, Mechanical Properties, Bainite- Martensite-

Retained Austenite Triple Phase Microstructure.
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3.2. Mechanical Properties|nvestigation

Tensiletests are shown in Figure 3. The results of tensile
strength variations show that at first, with an increase in
the holding time from 5 to 50 s in the molten salt bath
350 °C, an increase of tensile strength has been occurred
from 1850 to 2052M Pa, and then decreased to 1386M Pa
in 300s treated samples, and again with increasing the
holding time to 1h is unexpectedly increased up to the
value of 1460MPaand is stabilized at approximately this
level of strength. Also, the comparison of the elongation
results (Figure 2) shows an amost inverse trend relative
to the tensile strength variations that are developed. The
maximum peak in tensile strength values was observed
in the samples 350°C-50s due to the presence and
interaction of extremely fine multiphases microstructures
including 60.1vol.% martensite, 36.2vol.% bainite, and
3.7v0l.% retained austenite. For the holding times longer
than 50s, the tensile strength decreases due to the bainitic
transformation happening and increasing the volume
fraction of bainite phase. Then, by holding time
increasing in the molten salt bath up to 1h, the tensile
strength is increased again to 1460 M Pa.

The macrohardness data (Figure 4) shows the similar
trends of tensile and yield strength, an unusual behaviour
involving a maximum and minimum peaks was
developed in hardness data.

25 30
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Figure 3. Chart of tensile and yield strength and
elongation variation according to holding time in the
salt bath 350 °C
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Figure 4. Macrohardness variation for the specimens
held in the salt bath 350 °C for different times

4. Conclusion

The results of the application of heat treatment processes
on mechanical properties and microstructural changes of
the low aloy steel showed that the microcompositic
microstructures can be formed including a mixture of
martensite-bainite-retained austenite microphases. The
mechanical properties of these specimens proved that the
tensile strength of the developed microstructures was
varied from 2007 to 2052M Pa, which ismuch higher than
the reported tensile strength for advanced third-
generation of high strength steels. Tensile strength
variations by holding timein the molten salt bath include
a maximum value for the specimens held for 50s and is
equd to 2052MPa, and a minimum value was achieved
for the specimens held for 300s, which is equal to
1386MPa.
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1. Introduction

In recent years, research on high-strength steels has
increased with the goa of achieving high strength and
toughness along with reducing thickness, increasing
resource storage and energy, reducing production costs,
and reducing environmental pollution. For a long time,
the complex effect of retained austenite on the
mechanical properties of high strength steels has been
taken into consideration, and completely contradictory
results have been reported. Some researchers have
reported that the retained austenite delayed the necking
phenomenon in steel during tensile behaviour and caused
the increase of homogeneous plastic deformation and
significant work hardening by the TRIP phenomenon. In
this research, the effect of phase transformation and
microstructure on the mechanical properties of a low-
aloy steel with high silicon content was performed under
the heat treatment process with the aim of achieving
multiphase microstructures to optimize the high level of
strength and toughness.

2. Material and Experimental Process

In the present study, a low-alloy steel plate
(0.529wt%C-0.721wt%Mn-1.67wt%Si-balanced  Fe)
with 1 mm thickness after determination of critical
temperatures involving Ac;=765°C, Acs = 835 °C,
M=281 °C and Bs=470°C was reaustenitized at 900 °C
for 5 minutes and then transferred into the 350 °C salt
bath and were kept between 5sto 5h followed with water
guenching.  Microstructural  investigations  were
performed by using opticd and scanning electron
microscopes. Mechanica tests including tensile and
macrohardness measurements were performed. In the
following, specimens are shown with an index including
temperature and holding time in the bainitic region.

3. Resultsand Discussion

3.1. Microgtructural Investigation. Microstructura
observation carried out by optical microscope (Figure 1)
indicate that the volume fraction of retained austnite
phase (white areas) increased up to 200 s and by further
increasing isothermal holding time decreased. On the

other hand, these observations also showed that the dark
lath of the bainite phase is formed after 10 seconds, and
the bainite volume fraction increases by holding time. It
is worth noting that the studies were carried out by Toji
et a. also showed that the presence of silicon causes the
growth of the bainite with lath morphology, which is
confirmed in the present research.

Figure 1. Optical microscopy images for the specimens: (a)
350 °C-5s, (b) 350 °C-30s (c) 350 °C-200s and (d) 350 °C-1h

In order to characterize more details of
microstructure, the specimens held for 200s, 1 and 5 h
were performed by using a scanning electron microscope
(Figure 2). In these figures, bainite areas are dark gray
areas and the martensite-retained austenite with blocky
shaperegion arelight gray. Ascan beseeninfigure 2 (c),
after 5 h holding time, finely microstructure included
blocks of martensite-retained austenite.

Figure 2. Scanning electron microscopy images for: (a) 350°C-
200s, (b) 350 °C-1h and (c) 350 °C-5h
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4. Conclusion

In this investigation it was shown that the highest
emission characteristics of YSO materials occurs in the
compounds which the amounts of consumed SiO; is equal
to the stoichiometric materials for the formation of
Y,SiOs.
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Study of Addition of Tetraethyl
Orthosilicate (TEOS) on Microstructure
and L uminescence Properties of
Nanoparticles of Y203 Th3 Phosphor
Materials

Seyed Mahdi Rafiaei’

1. Introduction

In the recent years the phosphor materials with their
interesting and versatile characteristics have been
concentrated in many industries. Among these
applications, electronic parts, solid-state lasers, LEDs,
solar cells, optical sensors and monitors can be
considered. The luminescence properties of phosphors
can be obtained through their doping by rare earths.
Generally Y»0s has been known as a host oxide, proper
for rare earth elements. According to the results of
previous researches, the addition of silica to the
luminescent materials results in the reduction of costs and
enhancement of luminescence excitation and emission.

2. Experimental

The initial materials include Tb(CH3COO);.H,O, TEOS
(SiCgH2004) and Y(CH3;COO)3;.H>0, used without any
further modifications. Then, via the addition of TEOS to
the considered raw materials, the doped YSO compounds
in the presence of different quantities of SiO, were
produced. Then the production was heated in an electric
oven at 50 °C for 3 days to be dried well. Finally, to
remove the remained organic materials and also to reach
the proper crystal structure, the obtained productions
were calcined at 1200 °C for 1 hour.

3. Results and Discussion

In Figure 1 the XRD spectra show that the peaks at the 20
0f21.98,28.44,31.46, 36.08, 47.06, and 48.61 have been
originated from silica.

Finally it was proved that the produced phases include
Si03, Y»SiOs and Y»0s phases. In this investigation it was
interestingly seen that the addition of silica results in the
remarkable grain growth while this size increases from 80
nm to about 300-400 nm (Figure 2).
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Figure 1. The XRD spectra of (a) Y203:Tb*" and (b)
Y2Si0s:Tb*" after heating at 1200 °C

Figure 2. FESEM images of (a) Y203:Tb*" and (b) Y2SiO:Tb**
phosphors

In addition, it was observed that via the addition of TEOS
the surface of synthesized particles is smoother with
lower microscopic roughness which results in the
enhancement of optical characteristics of phosphor
materials. To study the luminescence emission properties,
the phosphors were excited under 270 nm. According to
Figure 3, it was seen that under the mentioned excitation,
the emission peaks have occurred in the wavelength range
of 450-600 nm which are related to *Ds—"F; (J=6,5,4).
The graphs of intensity vs. wavelength reveal that the
most intense peak was occurred at the wavelength of
541.5 nm, corresponding to °Ds+'Fs electronic
transaction. It was found that whenever the amount of
Si0; is enough for the formation of Y,SiOs, the highest
intensity of emission is achieved while higher amounts of
silica gives rise to the reduction of luminescence
characteristics, which this issue can be interpreted with
the presence of impurities beside Y»SiOs phase.
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3- Resultsand Discussion

There are several models to calculate the melting point
and phase diagram of the nano systems. According to
Haiming model, the melting enthalpy H,, and melting
temperature Ty, are proportional to the bond energy and
have been deduced to have the same size-dependences as
the cohesive energy, namely.

T _ Hu(D) _ [ 1 ] [i 1 ] 1
Tp(®)  Hp(®) 120/09-11 *P [ 3% 1207001

2(x,D) 1 -2S 1
) [ B 120/00—1] exp [ﬁ 12D/D0(x)—1] @
Where Q « p) is atomic interaction energy. S= Hy(wo)/ Tow)
is the bulk solid-vapor transition entropy of crystals with
Hy «) and Tp ) which are the bulk enthalpy of
vaporization and boiling temperature, respectively.
Another model is offered by Tanaka. This model
assumes regular solution to investigate the effect of
particle size on the solid solution diagram as follows:

AGTUtal.Liq - AGBulk.Liq + AGSurface.Liq (3)
AGTatal.Liq — AGBulk.Liq + AGSurface.Liq (4)

In the above relations, AGE“K14 and AGB“S! are the
Gibbs free energies of the liquid and solid bulk solutions.
The effect of the surface on the overall Gibbs energy,
AGSvfacelia and AGSUTfaceSol ig also assumed to be as
follows:

i i Soly,Sol Ly,Sol
AGSurface.Liq _ 20t1aytia _ Z(XAUAD Vi +XB°§D VBG) (
r r

5)

ZUSUIVSOI _ Z(XAo_ianiol_'_XBD_,éangul)

T T

AGSurface.Snl —

(6)

In these relations, r is the particle radius, ¢ and ¢°** are
the surface tension of liquid and solid alloys, V@ and V5!
are the molar volumes of liquid and solid alloys. Also, o5
and 03! are the surface tension of pure solids A and B and
V5%, and V5! are their molar volumes.

In this study, in order to simplify the relations, the
following assumptions have been applied in the
calculations:

1- The molar fraction of the alloying elements is the
same at surface and bulk.

2- The temperature dependence of the molar volumes
of liquid and solid has been neglected.

3- The liquid and solid surface tensile stresses are
considered independent to the temperature and are
equal to 0%, and 1.250% ,,, respectively.

With above assumptions, two models of Heming and
Tanaka were applied to the Ag-Pb system, and the
diagram of this system was plotted for nanoparticles with
a diameter of 10 nm as well as for the bulk state (Figure
3).

2000 Bulk

S
1800 - Nanoparticle (Tanaka) —s—
1800 | Nanoparticle (HAiming)  p—
1400 ¢

Temperature/K

Mole Fraction of Pb
Figure 3- Ag-Pb phase diagram in bulk and nano system (10
nm for particle diameter) based on Haiming and Tanaka
models

According to Figure 3, as the particle size decreases, the
melting points decrease and the solidus and liquidus lines
move downwards due to the effect of the surface factor.
Furthermore, in nano scale, the 2-phase region became
more limited and the solid solution regions expanded.

4- Conclusion

In this study, a program was developed by MATLAB
which can be used for plotting phase diagrams in regular
and irregular systems. The basis of the used algorithm was
to find the minimum free energy at each temperature and
composition. In the second step, the nanoparticles phase
diagram for the Ag-Pb binary system was plotted
according to the Haiming and Tanaka models. In addition,
the results confirmed that the liquidus and solidus lines in
the nano scale system move downwards and the 2-phase
region becomes limited than that of the bulk system.
Furthermore, reaching to nanoscales decreases the solid
solubility limits.
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1-Introduction

In the recent years, the use of nanomaterials has been
significantly developed, including various industries such
as electronics, catalysis, ceramics, magnetic data storage
and etc. Nano materials obtain several properties such as
high surface area which strongly influences energy states
of the constituents leading to higher mechanical strength,
lower melting point and different equilibrium phase
diagram.

Many studies have been conducted in order to
investigate the effect of particle size on the melting point
of nanoparticles and their equilibrium phase diagram.
Mirjalili and et al. provided a model for predicting the
melting point of nanoparticles based on the average
coordination number, which demonstrated that the
melting temperature was proportional to the mean atomic
coordination number. This number in nanoparticles is
lower than the bulk material, so the melting temperature
of nanoparticles decreases with decreasing particle radius.
Lee and et al. examined the effect of particle size on the
melting temperature of Ag-Pb alloy. The results of their
studies showed that the melting temperature of the
particles is linearly related to the particle diameter.

This paper proposes an innovative algorithm for
drawing nanoscale phase diagrams in regular and
irregular systems by using MATLAB software which
affords to draw phase diagrams in bulk and nano state
with acceptable accuracy in the shortest possible time.

2- Experimental

In this study, in order to simplify the calculations, the
Gibbs free energy equations of all phases were first
calculated with two variables of temperature and atomic
percentage. Actually, at a certain temperature, the free
energy of each phase was calculated according to the
partial percentages of constituents. In considered
temperatures, the Gibbs free energy diagrams of each
phase at all atomic percentages were compared with each
other and the phase with the lowest energy was stored in
amatrix (Table 1 and Figure 1). This process was repeated
for all temperatures.

Minimul Curve

Figure 1- Finding the minimum free energy curves at a given
temperature in all atomic percentages

Table 1- Finding the minimum free energy matrix at a given
temperature in all atomic percentages

X, X+ Xstep ] xe
Gi Gl(Xs) Gl(Xs+Xstep) Gl(Xf)
GuL GnL GnL(X5+Xstep) GnL(Xf)
GnL+1 GnL+1 GnL+1(Xst+Xstep) Gnr+1(Xr)
GuL+ns GnL+ns GnL+nS(Xs+Xstep) GnL+nS(Xf)
Gmin Gmin Gnmin (Xs+Xstep) Gmin (Xf)

G

X

X1

Figure 2- Calculating the connected lines at a given
temperature and comparing them with the minimum free
energy curve. It is clear that only the L3 line is below the

minimum curve at all X-axis intervals, so X1 and X2 points
were saved in the final matrix.

Finally, tangent lines of two points were drawn on
minimal curve. For this purpose, each point from the
curve was connected by the line to all subsequent points
on the curve. Then, each line drawn was compared with
the minimal curve for all longitudinal axis values (atomic
percentage). The tangent line must be completely lower
than the values of minimal curve at all atomic percentage
(Figure 2). Consequently, the points of the minimal curve
which were connected by the tangent line were collected
in a final matrix. In the last step, the phase diagram was
obtained by drawing the final matrix.

1 M.Sc. Student Department of Materials Science and Engineering, Faculty of Engineering, Ferdowsi University of Mashhad, Mashhad,

Iran.

2 M.Sc. Student Department of Materials Science and Engineering, Faculty of Engineering, Ferdowsi University of Mashhad, Mashhad,

Iran.

8 Corresponding Author: Assistant Professor, Department of Materials Science and Engineering, Faculty of Engineering, Ferdowsi

University of Mashhad, Mashhad, Iran. Email: mirjalili@um.ac.ir

4 Assistant Professor, Department of Materials Science and Engineering, Faculty of Engineering, Ferdowsi University of Mashhad,

Mashhad, Iran.



Fateme Yoosefan - Ali Ashrafi - Sayed Mahmoud MonirVaghefi

applied potential according to the results of the EDX
analysis.

Table 2. The compositions and the molar entropies of mixing of the CosCrFeMnNi

flms. depending on the difs parameters of the el deposition, for 1 h.
Conditioi Elements (% ar) NSk
Co cr Fe Mn Ni || WKmoD
4v 19/88 10/31 26/10 36/42 7/30 12/179
5v 24/44 11/96 19/73 37/04 6/83 12/22
6v 19/30 9/07 26/58 37/65 7/40 12/037
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Figure 1. XRD patterns of the CoCrFeMnNi flms deposited at
different potentials
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Figure 2.Variation of the chemical composition of the coating

Figures 3 to 5 present the SEM micrographs of the
CoCrFeMnNi thin film samples that synthesized in 4, 5,
and 6 v, respectively. As seen in Figure 4, the samples
have a smooth and non-cracked surface. The average
crystallite size was about 109 to 163 nm. There are some
hydrogen blisters on the coating surface that can be caused
by low overvoltage at this potential and the production of
H, after the decomposition of chromium hydride. Based
on the results of EDX analysis, the manganese amount in
this sample is less than the others. Because of the large
atomic radius of the manganese, which can lead to internal
stresses in the coating, the low and non-cracking
properties of this coating can be justified.

As seen in Figure 5, the coating is layered and has an
uneven surface. There are blisters on the coating surface,
and in some places, the effects of blistering are also
observed. The surface consists of several cracks that in
some places the cracks are branched to greater width and

depth. The size of the crystals was calculated to be about
143 to 210 nm. According to EDX results, this coating
contains the maximum amount of cobalt and chromium
and the minimum amount of iron and nickel compared to
other samples. Therefore, the presence of cracks on the
coating surface can be attributed to low nickel and high
cobalt values.

e

Figure 3. Scanning electron micrographs of the CoCrFeMnNi
flm deposited at a potential of 5v.

Figure 4. Scanning electron micrographs of the CoCrFeMnNi
flm deposited at a potential of 4v.

Figure 6 presents a crack-free coating with small
hydrogen blister effects on its surface. Based on the
results of XRD analysis, the size of the sample crystals
was calculated to be about 119 to 140 nm. The results of
EDX analysis showed that in this coating there is a
minimum amount of chromium and cobalt and the
maximum amount of manganese and nickel, which
according to the values of cobalt and nickel can be
justified without cracking the coating.

Figure 5. Scanning electron micrographs of the CoCrFeMnNi
flm deposited at a potential of 6v.

5. Conclusion

The CoCrFeMnNi high-entropy alloy coating film was
successfully  synthesized by the  potentiostat
electrochemical deposition at 4 to 6 v of a DMF-CH3;CN
organic system.

EDX analysis showed that at a potential greater than 4 v,
all five elements were deposited and the chemical
composition changed by the applied potential. In all cases,
the mixing entropy was about 12 J/Kmol, within the range
of high entropy alloy formation. The results of GXRD
analysis proved the formation of single FCC phase solid-
solution structure. The coatings morphology was
observed to be smooth, cracked, and compacted.
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1. Introduction

High entropy alloys (HEAs) are new types of metallic
materials, which unlike traditional alloys, are not based on
the main element, but present a multi-component feature.
HEAs comprise five or more elements in either equi-
molar or near-equi-molar proportion. Solid solutions
composed of many elements will be more stable because
of their large mixing entropies, which can significantly
diminish the free energy of the system and make a random
solid solution more stable than the ordered phases.
Recently, intensive research efforts have been dedicated
to developing HEA systems with simple crystal
structures. The main aim of these investigations has been
attaining properties such as good corrosion resistance,
high strength, high hardness, and good toughness. In this
regard, the selection of a suitable HEA system is of great
importance.

Most studies have produced high entropy alloys
through arc melting. Various alloys were investigated as
potential functional coatings for different applications that
synthesized mainly through physical deposition methods
such as magnetron sputtering. Electrodeposition is one of
the most efficient and affordable techniques for obtaining
new materials with tailored properties.

Types of electrolytes used in electrochemical
sedimentation processes include liquid solutions, fused
salts, ionic liquids, and ionically conducting solids. Non-
aqueous solvents, because of their features such as high
electrical conductivity, good chemical and thermal
stability, wide operating temperature range and the wide
electrochemical window that prevents the regeneration of
H> gas and hydroxide, are the best alternatives to deposit
the metallic coatings such as HEAs. In a study,
BiFeCoNiMn, MgMnFeCoNiGd and TmFeCoNiMn
HEA thin films were synthesized using electrochemical
deposition in DMF (or DMSO) and CH3CN.

To investigate the corrosion behavior of these alloys,

researchers have synthesized various HEAs containing
elements like as Al, Co, Cr, Cu, Fe, Ni, Ti, and V, which
have shown significant oxidation and corrosion
resistance. Also, the Corrosion resistance of high entropy
alloys of CoCrFeMnNi was studied.
For the first time, the CoCrFeMnNi HEA coating was
synthesized by electrochemical deposition by this group.
Because of its good corrosion resistance, the alloy
produced is a pleasant choice for coating applications in
corrosion protection.

2. Experimental

Before the plating process, the Cu substrates were pre-
treated by polishing with abrasive emery papers, followed
by electrochemical etching in a H3PO4 (30%) solution and
rinsing with double-distilled water.

The electrodeposition of the high entropy alloys and the
electrochemical studies were carried out at 298 K via a
DC Power Supply generator. The HEA thin films were
deposited on copper substrates by potentiostatic electro-
deposition in an electrolyte based on a DMF-CH;CN
organic system, which contained FeCl,, CrCl;, MnCl,,
NiCly, CoCl,, and LiClO4. The electrolyte composition is
given in Table 1.

Table 1. Chemical composition of the electrolyte

CoCl, CrCl FeCl, MnCl, NiCl,
(mol/L) (mol/L) (mol/L) (mol/L) (mol/L)
0/01 0/013 0/01 0/0103 0/001

The electrochemical cell comprises two electrodes,
platinum as an anode and substrate as a cathode.
Electrodeposition was performed at 1 to 6 volts for 60
min. The morphology and the chemical composition of
the high entropy alloy thin films were analyzed via a
scanning electron microscope (SEM) equipped with an
energy dispersive X-ray spectrometer (EDX). The crystal
structure of the samples was determined by grazing
incidence X-ray diffractometry (GXRD). The tests were
performed according to the ASTM G8 standard and were
repeated 3 times. The results presented are the average of
the three tests.

3. Results and Discussion

The EDS results of the films reported in Table 3 showed
that the chemical composition of the films synthesized at
a potential of 1 to 4 volts included only nickel and iron
elements. However, EDX results showed that the films at
a potential of 4-6 v contained all five elements present in
the solution and were successfully coated. The mixing
entropy of the coatings was calculated (Table 2). As seen,
the entropy of mixing under all conditions is in the range
of high entropy alloy formation.

The XRD patterns of the deposited films on the Cu
substrates were examined within a range of 20 = 10-80
degrees and are given in Figure. 1. No diffraction peaks
can be found for the as-deposited films, except the simple
face-centered-cubic (FCC) solid-solution structure. After
simulation by X Pert High Score Plus software, the lattice
constant a = 3.6 A can be calculated from the XRD results
via Bragg’s law (Figure 1).

The EDS results confirm that the deposits are composed
of five elements. Figure 2 shows the changes in the
chemical composition of the coating with the change in
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is found that the selected parameters are fitted correctly in
the model. Finally, the model obtained for the process is
as follows.

3 Si0, A
H,KAI,(SIO,), #
Ca0.Al,0,.2Si0, ®
S FeS, m
s
=
I
]
< A
= =
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* * : A *
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Figure 1. XRD pattern of mineral ore specimen

Copper leaching (%) = 97.36 — 0.47 X E +1.07 X %T.t— 0.68 x

Fe content + 0.51 x E X %T.t —1.17 X %T.t X Fe content —
1.06 x (S/L)? — 0.88 x (Fe content )?

For the interpretation of the results, the perturbation
plots of the model is presented in Figure 2 It showes the
effect of different factors of the solid-to-liquid ratio (b),
the iron content (e), and the percentage of bacteria T.t (f)
in the constant value of the other parameters. The ratio of
solid to liquid and the iron content has a negative effect
and the percentage of bacteria T.t has a positive effect on
the percentage of copper leaching.
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Figure 2. Perturbation plots

Figure 3 shows the three-dimensional interaction
between the two parameters of the solid-to-liquid ratio
and the percentage of bacteria T.t. In fact, these
interactions indicate that the effect created by a parameter
depends on the level of other parameters. As can be seen,
the high percentage of bacteria T.t has a negative effect on
the increase of solids content, while in the lower
percentage of this bacterium, increasing the amount of
solid-to-liquid ratio results in a further decrease in the Cu
recovery.

Cu Recovery (%)

Figure 3. Three-dimensional plot of Cu recovery for solid-to-liquid
ratio (b) and percentage of bacteria T.t (f)

The interaction between the percentage of bacteria T.t
and the amount of iron in a solid to liquid ratio of 7.5 is
shown in Figure 4. The interaction between the amount of
iron and the percentage of bacteria T.t indicates that the
percentage of bacteria for high and low levels of iron
content has a very low and very high effect on the Cu
recovery, respectively.

Cu Recovery (%)

T8

24.87 1487

e 2073 \_V,/ 70.73 f
16.59 66.59

Figure 4. Three-dimensional plot of Cu recovery for iron
content (e) and the percentage of bacteria T.t (f)

The optimum conditions were as a solid-to-liquid ratio
of 55.7 g/ml, 80% T.t., iron content of 20 g/ml and copper
extraction of 99.4% by the model. In order to ensure this,
a practical leaching test was conducted under the
proposed optimum conditions and the dissolution rate
reached about 98.8.

4. Conclusion

The optimum conditions were determined using statistical
analysis and analysis of variance (ANOVA). The
optimum conditions for the copper recovery of 99.4%
were pulp density of 7.55 g/mL, 80% of T.t bacteria and
20 g/L of Fe. Also, the most effective factor for the copper
recovery was the percent of T.t bacteria. Furthermore, the
statistical analysis indicates that the model fits the
experimental data well.
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1. Introduction

In recent years, attention has been paid to the recovery of
metals from low-grade mines, the sustained production
processes, used catalysts, slag and dusts from production
processes. Due to the relatively low grade of metals in
these secondary sources, hydrometallurgy is often used.
Microbial leaching processes are particularly suitable for
the processing of secondary copper sulfides such as
chalcocite (CuyS), digenite (CuoSs), bornite (CusFeS.),
and covellite (CuS). Common mesophilic bacteria in
copper sulfide leaching are Acidithiobacillus
Ferrooxidans (T.f), Acidithiobacillus Thiooxidans (T.t)
and Leptospirillum Ferrooxidans (L.f). Several important
parameters including temperature, pH, nutrients, pulp
density, sulfide minerals, O, and CO,, and metal toxicity
affect bioleaching of copper. These parameters affect the
process and ability of bacteria in recovery of metals. On
the other hand, the use of the design of experiments
(DOE) method with the help of software engineering to
examine and model the microbial leaching process will
allow the interactions of the effective parameters in the
process to achieve the best conditions for achieving the
highest level of the copper leaching. It should be noted
that in the usual methods, only one parameter is optimized
separately, but in this method, the parameters are
simultaneously examined and the possibility of evaluate
their interactions is possible. In this research, the effective
parameters on bioleaching of copper from low grade
copper-sulfide ore from Shahrbabak copper complex were
investigated using DOE.

2. Experimental

Two types of bacteria T.f and T.t were used for microbial
leaching experiments. The microorganisms used in this
study were prepared from the microorganisms’ bank of
the Shahrbabak copper complex. To conduct microbial
leaching experiments, it is necessary that each
microorganism grows in its own culture medium and
produces acid. Copper leaching was analyzed by Atomic
Absorption Spectrometer (AA spectrometer,
UNICAM939). The X-ray Fluorescence (XRF, ARL
Optimax) was used to determine and measure the amount
of elements in the mineral sample. In order to identify the
phases, X-ray diffraction (XRD, Philips-X'pert model)
was used. After adaptation, bioleaching process tests were
performed in 500 mL Erlenmeyer containing, 250 ml of

nutrient and 10% of inoculum bacterial solutions
incubated in an orbital shaker incubator at 150 rpm in six
different cultures. To investigate the amount of copper
dissolution in different days, a 10 mL sample of the
solution was isolated and after filtering, the resulting clear
solution was analyzed by AAS. Response surface
methodology was applied to optimize the leaching of
copper. The individual effects and possible interactions of
pulp density, percent of T.t bacteria and Fe content on the
bioleaching of copper were investigated. The optimum
conditions were determined using statistical analysis and
analysis of variance (ANOVA). The test parameters and
their levels are shown in Table 1.

Table 1. Test parameters and their levels

Factor Name Low  Central High
level level level
a Percentage of 10 15 20
bacterial
inoculum
b Solid to liquid 5 15 25
ratio (g/mL)
c S content 5 12.5 20
(g/mL)
d pH 0.75 1.63 2.5
e Fe content 20 45 70
(g/mL)
f T.t percentage 20 50 80

The selection of variables levels was done according to
the results of screening tests. Variables and their levels are
given in Table 2.

Table 2. Variables and their levels

Factor -0 Low High +a,
level level
b 33 5 7.5 10 11.7
f 66.59 70 75 80 83.14
e 16.59 20 25 30 33.14

3. Resultsand Discussion

Figure 1 shows the XRD pattern of mineral ore specimen.
The presence of copper in the form of secondary sulfides
and low chalcopyrite levels have provided conditions for
the use of microbial leaching.

Among the parameters, the bacterial percentage T.t,
the solid-to-liquid ratio and the iron content are effective.
In fact, the pH parameter is an effective parameter and the
expressed pH is related to the start of the experiments.
But, pH changes over time as the microbial leaching of
copper sulfide ore occurs. According to the results of
screening test, the response surface method was used to
optimize the process. Parameters of solid-to-liquid ratio,
T.t and iron content are effective parameters. Given the
Fisher’s test value and the percentage of participation, it
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temperatures, respectively; at 3, 8 and 15 hours of ball
milling. X-ray diffraction and scanning electron microscopy
analyses were used in order to determine the causes of this
temperature reduction.

The quasi-stable gamma-magnesium hydride phase is
visible in both nanocomposites groups after 3 hours milling
process. This phase can affect the hydrogen properties of
magnesium hydride, due to its quasi-stability which has
lower desorption temperature than magnesium beta-hydride
phase. Volume contraction and stresses applied on the mass
of B-magnesium hydride are the reasons for effect of gamma
phase on 3 phase desorption temperature. The applied strain
caused by the gamma phase reduces the beta stability.
Therefore it improves absorption and desorption kinetics.
The quasi-stable gamma-magnesium hydride phase has
lower desorption hydrogen enthalpy than magnesium
hydride that can affect hydrogen desorption
thermodynamics, it can’t be considered as the main factor to
improve the hydrogen properties of magnesium hydride,
due to its low value. The magnesium oxide phase is
observed in the X-ray diffraction results of both composite
specimens. This phase forms some layers by forming oxide
layers on surface that prevent release of oxygen and
magnesium nucleation from magnesium hydride and affects
the hydrogen desorption properties negatively. By
comparing diffraction patterns, it is observed that the
intensity of MgO peaks in 10 wt% Ta,Os samples are
greater than that of 20 wt% Ta,Os samples at similar milling
time which could be due to higher percentage of Ta,Os that
is because of its catalytic properties preventing intensive
oxidation of newly created magnesium levels causes from
milling process. According to XRD analysis, in magnesium
hydride samples containing 10 wt% Ta>Os have not been
observed any other intermetallic compound that the low
amount of additive (10% by weight) can be attributed as the
main factor. However, relatively poor peaks of TaHgas
hydride compound were observed after 3 hours milling time
in the results of magnesium hydride samples containing 20
wt% Ta,Os, which do not show a significant change in their
peaks with increasing milling time. Tantalum hydride is an
amorphous compound that improves dehydrogenation
temperature.

By adding the catalyst to pure magnesium hydride,
intensity of the peaks in all specimens has decreased
indicating a reduction in the grain size due to addition of the
catalyst. Peak intensity in MT2 decreased more than MT1
samples at the same time of milling process. These results
indicate a reduction in the grain size of the synthesized
samples compared to pure magnesium hydride and also a
further decrease in MT2 compared to MT1 samples. Oxide
catalysts act as small balls in milling process which lead to
a further reduction in grain size and particle size. Ta;Os is a
brittle and fragile oxide catalyst, therefore it can help
magnesium hydride to grind further. For this reason, grain
size in pure composite samples was reduced relative to pure
hydride. On the other hand, it seems that in MT2 samples,

the grain size is reduced further due to the higher percentage
of Ta;Os. The grain size and lattice strain calculated by
Williamson-Hall method confirms a further reduction in
grain size of MT2 samples. It can be seen in both composite
samples, by increasing milling time, grain size shows a
decreasing trend. Regarding to the strain values obtained in
this study, it can be claimed that lattice strain with higher
values in MT1 samples can play an important role to
improve the hydrogen properties. The numerical results of
particle size parameters obtained from the MIP Image
Analyzer software show a sharp decrease in particle size in
both composite samples after 3 hours milling. It seems that
small amount of both catalysts has a significant effect on
mechanical milling process. The morphological study of
powders shows that there is no significant change in particle
size with increasing milling time from 3 to 8 hours.
Furthermore, as milling time increases in MT1 and MT2
samples, the particle size increases, too, due to the
agglomeration phenomenon which can have a negative
effect on the dehydrogenation temperature. However, this
negative effect is very low, due to a slight increase in
particle size.

Table 2. Average particle size (D), grain size (d), lattice strain (¢) and
desorption temperature (T) of composite compounds after mechanical

alloying.
composites- D d € T
Time, h pm nm % °C
MTI-3 0.27 13.3 2 382
MTI1-8 0.31 12.6 1.5 385
MT1-15 0.36 12.27 1.8 389
MT2-3 0.25 10.83 1.2 370
MT2-8 0.34 10.74 1.74 369
MT2-15 0.38 8.61 0.91 360
4. Conclusion
1. The greatest changes in grain size and particle size are

observed in the initial milling time.

2. The catalytic compounds containing Ta,Os has led to a
significant reduction in the grain size and particle size
due to its high brittleness.

3. MT2 nanocomposites with a higher percentage of
oxidized and brittle Ta,Os catalysts have lower grain
size and dehydrogenation temperatures than MTI1
samples.
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1. Introduction

In recent years the Hydrogen was considered as fuel by
many researchers and scientists. Given that solid mode
storage of Hydrogen is the safest and the most productive
mode, many projects have been defined in the field of
improving Hydrogen properties of the metals with the most
capacity of Hydrogen Storage. The compositions of
materials contain Niobium were used in many researches
and the desired results were presented in multiple articles.
According to the similarities of Tantalum to Niobium in
chemical and physical properties, and by considering that
there are rare researches about the effect of compositions of
Ta on Hydrogen properties of metals, the decision of
studying effects of Tantalum Oxide on MgH, as base metal
was made after reading many articles about the
compositions of Tantalum. In this research, two
compositions of Tantalum Oxide with Magnesium Hydride
were prepared and the effect of additives and ball milling
time as the preparation method on physical properties and
also dehydrogenation properties, were evaluated and were
compared with ball milled pure Magnesium Hydride.

2. Experimental

Two compositions of MgH,-10%wt Ta,Os, MT1 samples;
and MgH,-20%wt Ta,Os, MT2 samples; were prepared by
ball milling of Magnesium Hydride and tantalum oxide
powders under Argon atmosphere for 3, 8 and 15 hours. As
noted before for comparison, the pure Magnesium Hydride
powders were ball milled at the same conditions.

Phase transformations of pure Magnesium Hydride and
Composites Compounds were determined by X-Ray
Diffraction equipment (XRD). Grain size (d) and Lattice
Strain (€) evaluated by Williamson-Hall equation:

0.91 )
B Cos® =T+2A£Sme

Where B is full width at half of maximum height of peak,
A is the wavelength of x-rays, 0 is Bragg angle and A is
constant value.
Transformation morphology of powder particles were
studied by Field Emission Scanning Electron Microscope

(FE-SEM). Average of powder particle size were evaluated
by MIP Image Analyzer on Electron Microscope Images.
Finally, to define dehydrogenation temperature, the
Differential Scanning Calorimetry Analysis (DSC) were
used under pure Nitrogen atmosphere.

3. Resultsand Discussions

3.1. Pure Magnesium Hydride

By increasing the Ball Milling time the Beta-Magnesium
Hydride phase peaks became Wider but the intensity of the
peaks were decreased. The Gama- Magnesium Hydride that
is a semi-stable kind of Beta phase, was created after 3 hours
ball milling. By increasing the Ball Milling time the amount
of Gama phase will be increased but many fewer than Beta
phase. The Gama phase have effect on decreasing of
dehydrogenation temperature but according to the
insignificant amount of this phase, it is not the main reason
for this temperature decreasing. Although the Argon
atmosphere were used, but the MgO phase were created
because of reactivity and sensitivity of MgH to Oxygen. As
the peaks became wider due to increasing the Ball Milling
time, the Grain Size and Lattice strain have decreasing and
increasing trend, respectively. In early hours of ball milling,
the decrease in particle sizes are noticeable but in the
following, the reduction in particle size will show reduction
in the intensity of decreasing.The dehydrogenation
temperature of MgH was 431 Degrees of Centigrade before
ball milling, this temperature reduce to 405, 396 and 390
Degrees of Centigrade respectively after 3, 8 and 15 hours
ball milling.

Table 1. Average particle size (D), grain size (d), lattice strain (g)
and desorption temperature (T) of pure milled and un-milled
MgH: after mechanical alloying for different times

Time Phase D d € T
h pm nm % °C
0 B 35 48 0 431
3 B.v. MgO 106 | 27 | 0.6 | 405
8 B, v, MgO 3.1 22 | 0.8 |39
15 B, v, MgO 1.4 13 0.85 | 390

3.2. Composite Compounds

Addition of 10 % wt Ta,Os to magnesium hydride as well
as its mechanical alloying at different times of milling
process reduced the dehydrogenation temperature in
comparison with the pure magnesium hydride in the same
times. The temperature changes from 405 to 382 °C in MT1-
3, from 396 to 385 °C in MT1-8 and from 390 to 389 °C in
MT1-15 composites. The temperature reduction trend in
MT2-3, MT2-8 and MT2-15 samples with a greater
intensity than MT1 composites show 370, 369 and 360 °C
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which resultsin creation of martensitic. In coarse particle
HAZ zone (Figure 3d), where temperature is much more
than ACs;, HAZ micro-structure is coarse particle
martensitic. High cooling speed and increasing size of the
primary particle propels phasic transformation to making
martensitic.

ST i 2 O h Bt LY SN &)
Figure 3. Micro-structure of different

resistance spot welding

zones of martensitic high strength steel with magnifying of 200

(8). Welding metal; (b). Base metal; (c). Mid critical HAZ; and
(d). Coarse particle HAZ

High strength steels have a hardness of about 400
Vickers, which increases by increasing the martensitic
phase. The amount of magnesium in St52 steel ishigh and
since magnesium stabilizes ferrite, it is predictable that
ferrite phase increases in the welding zone, which results
in decrease hardness because of phase changing from
martensitic to ferrite. Figure 4 is about hardness number
of welding zone. According to hardness of the samplesfor
similar junctions, hardness of these steels is about 200-
380 Vickers. Therefore, as predicted, hardness of welding
zone decreased in compare with base metal.
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Figure 4. Profile of similar junction of high strength advanced
martensitic steel

4. Conclusion
HAZ in similar junctions of high strength martensitic
steels gets softer.

In low currents, fracture is an intersection, but as the

current gets higher than 9.5 kA environmental bresk
occurs. In very high currents no junction forms.
Diameter of welding button rises by increasing current
and when critical current (9.5 kA) is applied in advanced
high strength martensitic stels, critical size of welding
button is about 9.2mm.
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Investigation Spot Welding in Similar Joins
of Martensitic Advanced High Strength
Steels (AHSS)

Mehran Tadayonsaidi* Babak Ghorbanian?

1. Introduction
Because of high speed, availability, and automatability,
spot resistance welding is used in industries such as car
and airplane manufacturing and other similar industries.
Degspite all of these advantages, it is remarkable that
factories pay lots of moneys in order to control this
process and have optimum welding. To have a flawless
welding, many parameters have to be considered
optimally and conditions have to be controlled in a way
that set of conditions are kept in a constant form. In
processes of spot welding, junction on the surface by
pressure and heat is done continuously. Since metals have
electrical resistance, their temperature risesin response of
electric current, if thisincrease in temperature is as mush
that the metal getsto its melting spot, it melts. The needed
heat of metals to melt is determined by the equation 1.
Eq.l: Q=RI?T
T=temperature
I= electric current
R= resistance
Q=hesat

According to this, spot welding is done by applying a
high current in a short period of time, which its continuity
is obtained by a pressure force from electrodes. This
processresultsinalocal risein temperaturein asmall area
of parts that, in turn makes a plastic area that because of
applying pressure (without current until the metal coals),
changing in shape continues and results in a permanent
conjunction with high strength.

2. Experimental

Multi-phase martensitic steels have the highest tensional
strength between high strength martensitic  steels.
Elements such as magnesium, silicon and chrome are
found in these steels, which their presence is to increase
hardness. Carbon is also used to increase strength. In this
study choosing steel has been according to chemica
compound. For this purpose, micro-alloy st52 steels with
low carbon were used. Results of chemical analysisof this
sheet has been mentioned as quantometer in Table 1.

Table 1. Chemical specifications of steel

P S S Mg C| Sed
0002 | 003| 006| 048] 014] 552

After chemica analysis and before any thermal work on
sheets, each of them was cut according to the standard of

ANNI/AWS/SAE/D8.9-97 for doing tensile test. A
standard sample of thistest is mentioned in Figure 1.

60 mm

A
Y

140mm

Figure 1. Dimensions of a standard sample for tensile test
(Length: 140mm, width: 60mm, and thickness: 1mm)

3. Resultsand Discussion

Figure 2 shows the macro structure of weld for similar
junction of advanced high strength martensitic steel inlow
currents of welding. As it can be seen, because of the
thermal cycle of the point welding process, a
heterogeneous structure is formd in the area of junction
and al junctions in the melting zone have oriented
freezing with pillar pieces. These pillars have grown from
around the welding button to the center. Additionaly, in
similar junctions of high strength martensitic steel,
melting in both upper and lower sheetsis same.

Figure 2. Macro-structure of welding sample of similar
junction M/M

Figure 3a shows micro-structure of the welding metal,
which martensitic micro-structure and dendritic pieces
can be seen inside it. In this figure the percentage of
martensitic phase has been estimated about 60. Figure 3b
shows micro-structure of the base metal, which acicular
martensitic phase can be seen in it. This structure can be
seen in steels with low percentage of carbon. Martensitic
units in this figure look like needles that are in bigger
packs. Micro-structure of the seen melting zone is
martensitic for each of the studied welds, which has
oriented and acicular freezing from the welding boundary
to the center. Figure 3.B shows HAZ critica micro-
structure and Figure 3.C shows coarse particle HAZ.
These figures show that HAZ micro-structure has aso
been made up from martensitic phase, but as some studies
have shown, by cooling austenite and according to factors
such as carbon percentage and cooling speed, it can
change to phases such as perlite and Bainite (which
weren't seeninthistest). In mid critical HAZ zone (Figure
3.¢), since austenite getsin the ferrite-austenite zone, this
phase enriches from carbon and its hardness increases,
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Figure 2. Microstructure of the samples after sintering at
1620°Cfor 2h

In the sample g=0.23, therewas alarge porosity at the
contact surface of the slag and refractory because of the
dissolution of matrix in the slag. In samples C1 and C4,
the boundary between the penetration zone and the
refractory was not detectable but the porous layer was
seen at the interface of refractory/dag contact. In the
sample C2, density was higher at the interface of
refractory/slag contact and there was | ess porosity around
the aggregates. Main phases of the samples were alumina
and spinel (Figure 3) that the percentage of spinel does not
change much. The gelenite phase is reduced by slag
attack. The iron slicate phase was formed in the
penetration region of g=0.23 sample. Hibonite has the
highest intensity in C2 sample and is low in g=0.23 and
C1 samples. Despite the lower Hibonite phase and the
higher porosity in the C4 sample than the C1 sample,
corrosion is lower at C4. This can be attributed to the
presence of Zirconiain the matrix of this composition. A
small zircon peak was observed in the composition of this
sample. Zirconia reacts with the SiO, from the slag and
preventing its attacking the field and forming low
temperature phases.

The incident that occurs in tabular alumina aggregates
can be shownin Figure 4. It seemsthat during the reaction
between aggregates and dlag, the slag penetrates into
some of the aggregates porosity and accelerates the
corrosion.
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Figure 3. Comparison of x-ray diffraction of the penetration
region of g=0.23, C1, C2 and C4.
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Figure 4. A large image of the slag penetration
into the aggregate

5- Conclusion

Low cemented alumina mixes were prepared and the
effects of 1, 2, and 4 wt.% added colloidal zirconiaon its
the porosity, microstructure and corrosion resistance was
investigated. Colloidal zirconia was also prepared in this
study and the cement content of alumina refractory has
been replaced by colloidal zirconia. Corrosion resistance
of aluminarefractory was improved by adding 2 wt.% of
colloidd zirconia, whilethe porosity wasincreased. Inthe
samples using 2 wt.% of colloida zirconia (C2 sample),
the new formed phase acted as a protective layer against
the attack of the slag and pronounced as the main factor
in the improvement of the corrosion resistance. Corrosion
resistance was also improved by adding 4 wt.% of
colloidal zirconia while, adding 1wt.% of colloidal
zirconia had not a remarkable effect. Zircon formation by
adding 4wt.% of colloidal zirconiawasresponsiblefor the
improvement of corrosion resistance. Adding colloidal
zirconia with different particle size distribution and
sinterability properties of the aumina refractory by
optimized size distribution needs more compatibility of
particle size distribution and homogenous mixing. The
difference of therma expansion coefficient and
sinterability between the matrix and colloidd zirconia
may be considered as a negative effect on the
densification
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Colloidal zirconia on corrosion resistance of
low cemented alumina mixes against
steel slag
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1-Introduction

The developments of magjor refractory consumers such as
the stedl industry exert pressure on the refractory industry
to increase their quality. Corrosion of refractories in the
steel industry halts production, reduces productivity, and
increases costs. Therefore, corrosion improvement in
refractory materials is of great importance. In the
corrosion process, the matrix is the first area which was
attacked; as aresult, the composition of the matrix has an
important effect on the resistance to corrosion. The most
commonly used bonding system in refractory mass is
calcium aluminate cement, but due to the presence of
calcium oxide, this combination alows for low
temperature phases and a loss of properties. For this
reason, various bonding systems have been developed for
the connection over time. Colloidal bonds such as colloid
silica and colloid alumina can be named in this regard.
The purpose of this project is to investigate the effects of
colloida zirconia on the development of corrosion of
refractories.

2-Experimental

Raw materials were tabular alumina (0-4 mm) as
aggregates, 5% Calcium aluminate cement as a bonding
system, 3% microsilica as filler, 3% dead burned
magnesia and Colloidal Zirconia with 20 wt% Solid
loading. Dolapix CE64 and sodium tripolyphosphate
(TPP) were used as dispersant and citric acid as a
stabilizing agent. 1, 2 and 4 wt.% of zirconia replaced to
the cement amount in the mix. The distribution of particle
size of aggregate mass was determined using the modified
Andreasen model. The coefficient of Andreasen (q) was
0.23. The raw materials were dry mixed for 1 minute and
wet mixed for about 4 minutes in a Hobart mixture. The
samples were dried at ambient temperature for 12 h and
dried at 110 °C for 12 h. To perform a corrosion test, a
cavity was created at a depth of 2 cm in the samples and
3g of arc furnace slag of Mobarakeh Steel Company was
poured into it. Samples were placed at 1620 °C for 2
hours.

Results and Discussion

The porosity of samples C1, C2 and C4 after drying
indicated that the porosity was reduced by replacing 1%
of the cement with colloidal zirconia in the C1 sample,
which may have been more densification occurred due to
the fineness of zirconia particles. However, porosity
increased slightly in two other examples which involved
the creation of bubbles in mass after the addition of
colloid. The porosity of samples with colloida zirconia
after sintering at 1620 °C was higher than the reference
sample. With less cement, low temperature phases which
helped the sintering of the body are less formed. The
cross-sectional images of samples were examined after
corrosion testing. Corrosion and penetration rate was
measured by the SPIP software (Figure 1). The percentage
of corrosion in the C2 sample was better than the C1 and
C4 samples. It can be claimed that agreat improvement in
the corrosion resistance of this sample was obtained. This
isdueto the higher porosity in the C2 sample than the C4
and g = 0.24 samples. But the resistance to penetration of
these specimens has decreased compared to reference,
which could be due to an increase in porosity in these
specimens.
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Figure 1. Corrosion and penetration in the sample

The microstructure of the samples after sintering at
1620 °C for 2 his shown in Figure 2. The porous matrix
and the gap between the matrix and the aggregate are seen.
The matrix shrinks during sintering due to low
temperature phases but aggregate does not participate in
the sintering. Another factor is the formation of the spinel
phase with increasing volume. Increasing volume can also
fill porosity and it can also lead to microcracks formation.
This contraction and expansion were relatively balanced
in the sample g=0.23. Although the densification in the
C2 sampleis not higher than the other specimens, but its
corrosion resistance was better. Probably, in this sample,
the effect of composition is greater than the effect of
densification.
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200 nm

Figure 2. TEM Images for the (a) BM, and (b) SZ

Figure 3. Taylor factor maps for the (a) BM, and (b) SZ

From Equation 1, g, depends on the values of different
strengthening items such as the grain boundary
strengthening (Aayy,), the solution strengthening (A7), the
dislocation  strengthening (Atp), the precipitation
strengthening (At,,.), and the strengthening due to the
texture (M) which is usually defined by Taylor factor. In
addition, in Equation 1, Aty stands for the pure metal

strength. As Monel 400 does not contain precipitates, the
strengthening mechanisms for it will as follows: Aayy,, Atp,
and effect of M, which are going to be discussed.

In this study, the SZ had average grain size of 3.8 pm,
which was finer than that of the BM, i.e., 18.4 pm. In
addition, the HAGBs in the SZ were 85% of the total grain
boundaries, where in the case of BM it has been reduced to
67%. In addition to the finer grain sizes in the SZ compared
to the BM, the amount of HAGBs has been increased. Thus,
the total amount of the HAGBs in SZ was larger than that of
the BM. These HAGBs act as the obstacles against the
dislocation movement, and hence cause higher Ag,, or o,
(higher hardness). Moreover, TEM images (see Figure 2)
showed higher dislocation density in the case of SZ
compared to that of the BM, which results in higher Ag,, or
oy (higher hardness).

The effect of texture on the g, occurs as the M parameter
in Equation 1, which is usually considered as the Taylor
factor. The higher Taylor factor means higher M value, and
hence causes higher gy, or higher hardness. From Taylor
factor maps, (see Figures 3 (a) and (b)) it was found that the
average Taylor factor for the SZ was higher than that of the
BM (3.13 for SZ and 2.96 for BM). Thus, it seems that the
texture had a considerable effect on the strength value. In
summary, the main strengthening mechanisms causing
higher a,, or lower hardness values in SZ compared to the
BM were the grain boundary, dislocation mechanisms, and
texture effect.

4. Conclusion

In this study, Monel 400 alloy was welded by FSW, and the
resulted microstructure and mechanical properties were
compared with those of the base material. FSW causes
formation of the finer grains, larger amounts of high angle
grain boundaries, higher dislocation densities, and larger
Taylor factors. Therefore, the main strengthening
mechanisms causing higher hardness values in SZ
compared to the BM were the grain boundary, dislocation
mechanisms, and texture effect.
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Friction Stir Welding of Monel 400:
Microstructure, Substructure, and
M echanical Properties

Akbar Heidarzadeh'

1. Introduction
Conventional fusion welding processes for joining the

Monel alloys cause the formation of dendritic structures,
macro and micro segregations, porosities, shrinkages,
residual stresses, large distortions, and etc., which reduce
the final mechanical properties. Friction stir welding
(FSW), as a solid state process, has been proven to be a
promising joining method which may eliminate the issues
of fusion welding. Until now, many researches have
shown that FSW can be used to weld different metals and
alloys. However, an investigation into the FSW of Monel
alloys is lacking. For the first step of the Monel FSW, it is
very necessary to have an understanding of the
microstructural evolution during the process. It is
expected that the outcomes of the current study would
open a new window for joining Monel alloys.

2. Experimental Procedure

Monel 400 plates (100 mm % 50 mm x 2 mm) were
friction stir welded at a tool rotational and traverse speeds
0f 400 rpm / 100 mm min™!. A WC-Co tool consisted of a
912 mm shoulder and a pin of #3x1.75 mm was
employed. For microstructure study, the samples were cut
from the transverse cross section of the joints
perpendicular to the welding line. The samples were then
prepared and characterized using orientation imaging
microscopy (OIM) with a step size of 100 nm at different
microstructural zones. For studying the mechanical
properties, microhardness test was conducted.

3. Resultsand discussion

The OIM data including inverse pole figure (IPF) maps
and grain boundaries characterization distribution
(GBCD) plots for base metal (BM) and stir zone of the
joint (SZ) are illustrated in Figure 1. The TEM images of
the BM and SZ are shown in Figure 2. In addition the
Taylor factor maps of the BM and SZ are depicted in
Figure 3. The hardness results showed that the hardness
values for the BM and SZ were 162-175 Hv, and 207-218
Hv, respectively.
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Figure 1. IPF and GBCD for the (a and c) BM, and (b and d)

Sz

The different strengthening mechanisms can be
responsible for the higher hardness of the SZ, which is
strongly influenced by microstructural evolution during
FSW. It is well documented that the o, can be formulated
by the following equation:

1
oy =Agy, + M [ATO + At + (AT3 + AT2,,) / 2] 1)
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short-range or medium-range ordered clusters, no
crystalline phase has been observed. The inset of
Figure 2 is the corresponding selected area electron
diffraction (SAED) pattern. Except for diffraction
halos, no sharp diffraction ring or spots was observed.
It confirms that the (FeooNio.1)77M0sP9C7.5B1 5 alloy
possesses a full glass structure, in agreement with the
XRD pattern (Figure 1).

BT

Figure 2. HRTEM image and the selected area electron
diffraction pattern of (Feo.oNio.1)77MosP9C7.5B1.5 alloy

Figure 3 shows the DSC trace of (Fe;«xNix)77
MosP9eC7sB1 s (x=0.05, 0.1, 0.15) alloys measured at
20K/s heating rate, (a-c, respectively).

To predict the relatively easy, different alloy
systems to form glassy materials, many of indicators
of glass forming ability (GFA) have been evolved.
Characteristic temperature, such as liquidious
temperature (Ty), glass transition temperature (T,),
and crystallization temperature (Tx) include these
indicators.

It should be remarked again that samples with
x=0.05 and 0.15 are amorphous matrix composites.
Therefore, the computational methods such as y <B «a
and etc. are characteristic to the matrix, which
certainly has a different chemical composition than
the overall sample composition(s). This explains why
apparently the alloy with x=0.1 should show a lower
GFA (lower vy «p «a and etc.), but in fact, it is the only
one which is amorphous (Figure 2).
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Figure 3. DSC trace of (Fe1-xNix)77 MosP9C7.5B1.5 (x=0.05,
0.1, 0.15) alloys, (a-c respectively)

4. Conclusion

Ni additions have a major influence on the GFA of the
base alloy. The appropriate addition of Ni to the (Fe;.
XNix)77 M05P9C7,5B|,5 (X=0.1) alloy shifts the
composition closer to the eutectic, lowers the liquidus
temperature, and significantly enhances the GFA of
the alloys.

The computational methods such as y <f «a and etc.
are characteristic to the matrix, which certainly has a
different chemical composition than the overall
sample composition(s). Therefore, the results of the
computational methods regardless of the experimental
results don’t are enough accurate.



Journal of Metallurgical and Materials Engineering, Vol.31, No.2, 2020.

The Effect of Ni Addition on the
Microstructure and Glass Forming
Ability of Fe-Mo-P-C-B Bulk Amorphous
Alloy

Mahsa Ansariniya' Amir Seifoddini” Said Hasani"

Sadegh Ghasemi-Banadekoki

1. Introduction
Fe-based bulk metallic glasses (BMGs) are of special

interest among metal-based BMGs due to their
excellent mechanical and physical properties such as
high yield strength, good soft magnetic properties,
high thermal stability, and good corrosion resistance
and, at the same time, abundant natural resources and
low material cost. However, all these materials are
extremely brittle in tension, have poor toughness and
are brittle or quasi-brittle in compression. These can
undermine their use for potential engineering
applications. It is thus desirable to improve the glass
forming ability (GFA) of Fe-based amorphous alloys
and to fabricate large size bulk amorphous alloys.

In this study, with the aim of understanding the
effects of Ni addition on the glass forming ability and
structural of Fe-Mo-P-C-B BMGs, we added Ni by
replacement of Fe into a Fe77Mo5PyC75B1 s BMG, and
the thermal stability, GFA, and hardness of (Fe;.
«Nix)77Mo0sPsC7 5B 5 (x=0.05, 0.1, 0.15) glassy alloy
series were systematically investigated.

2. Materialsand Method

Multi-component master alloys with nominal
compositions of (Fe1,xNix)77M05P9C7_5B1_5, with x =
0.05, 0.1 and 0.15, were prepared by induction
melting in a quartz crucible under purified argon
atmosphere. Pieces of the master alloys were re-
melted under induction in a quartz crucible and
injected into a water-cooled copper mold to form 2
mm diameter rods. The length of the cast samples was
60 mm. The thermal behaviors related to glass
transition, crystallization events of the alloys were
investigated using a differential scanning calorimeter
(PerkinElmer, DSC-7) under the flow of purified
argon, at a heating rate of 20 K/min. The structure of
the cylindrical rods was investigated by X-ray

' MSc. in Materials Science, Yazd University, Yazd, Iran

diffraction (XRD, Philips X’Pert PRO) using Co Ka
radiation and high resolution transmission electron
microscopy (HRTEM, Tecnai F30 operating at 300
kV).

3. Resultsand Discussion

Figurel shows the XRD patterns of the (Fe.
XNix)77MO5P9C745B|45 (XZO.OS, 0.1, 015) samples. The
specimens with x=0.05 Ni show a number of sharp
crystalline peaks on the main diffraction maximum,
suggesting that the samples are partially amorphous
with some crystalline phases. In contrast, there are no
discernible crystalline peaks on the XRD pattern of
the as-cast (Feo.oNio.1)77MosPyC75B1 5, suggesting that
the alloy with x=0.1 Ni is amorphous. Further
increasing in the Ni content to x=0.15 leads to a
number of crystalline peaks superimposed on the main
halo, indicating that the sample consists of both
amorphous and crystalline phases. The addition of Ni
increases the number of alloy components. Therefore,
due to the confusion principle, proper Ni addition may
tighten the atomic structure of the super cooled liquid
and increase the atomic packing density, which would
lower the ground-state energy of the super cooled
liquid and thus destabilize compound formation (i.e.,
new competing crystalline phases).
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Figure 1. XRD pattern of (Fe1.xNix)77MosP9C7.5B1 5
(x=0.05, 0.1, 0.15) samples

The microstructure of the
(Feo9Nio.1)77MosP9C7sB s alloy has been carefully
examined with TEM. A typical high-resolution TEM
(HRTEM) image is shown in Figure 3. Except for the
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4. Conclusion

The MoS,/Ni coatings exhibited a steady state friction
coefficient from 0.15 to 0.19.

Adding Ni to MoS, coatings improved their adhesion to
steel substrate and hardness as well as increased the wear
performance of MoS, coatings under atmospheric
conditions. The main wear mechanisms in the MoS; and
MoS/Ni coatings were therefore abrasive and adhesive,
respectively.
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Magnetron Sputtering

Mehdi Akbarzadeh! Morteza Zandrahimi?

Ehsan Moradpour®

1. Introduction

Mo0S; isthe predominant materials used as solid lubricant
has been widely used many tribological applications.
MoS, coating is strongly influenced by the test
atmosphere. It has been mostly used asa solid lubricant in
space and vacuum application. MoS, is too highly
sensitive to humid air. The temperature limitation at
400°C isrestricted by oxidation.

In order to improve the properties of MoS; coating
using the co-sputtering method, several authors have
studied adding metals and materials into MoS, matrix
structure. The composite coatings have shown better
performance compared to pure MoS; coating in terms of
hardness, wear resistance, and adhesion to the substrate.
The addition of Ni into the MoS; coating in recent years
has drawn attention because of the significant
improvement of the oxidation resistance and tribological
performance dependent on the humidity in ambient air. In
this investigation, MoS,/Ni composite coatings were
investigated to give some insight into the effects Ni
conternt in MoS2/Ni composite coatings on the
mi crostructure and mechanical properties and tribological
performance in the ambient air.

2. Experiment

Samples of Ck45 (AISI 1045) plain carbon sted,
measuring 10 mmx5 mmx2 mm were used as substrates.
The M0S,/Cr coating was fabricated in DC magnetron
sputtering ion plating equipment. MoS; (99.8% purity)
and Cr (99.99% purity) with 0, 5, 10, and 15 wt%
composite targets of a 50 mm diameter fixed on a
magnetron-effect cathode were used. The composite
targets were fabricated by ball milling the mixture of pure
MoS; and Cr powders, followed by pressing the mixture
under a pressure of 60 MPain an Ar aimosphere at 850°C.
The MoS,/Cr ratio in the coatings was controlled by
sputtering the composite targets. The chemicd
characterization was performed using EDX (energy
dispersive X-ray andysis) and the structurd
characterization was accomplished by X-ray diffraction
(XRD) studies. The mechanical properties of coatings
were analyzed by nanoindentation experiments. The
tribological behavior of the coatings was investigated
using the pin on disc test at room temperature

3. Results and Discussion

Figure 1 shows specific wear rate of MoS,/Ni composite
coatings as a function of Ni content. The results are x
typical of those obtained for the composite coatings with
a performance better than the pure MoS; coating. In
contrast, despite its high hardness and good coating
Cohision, the MoS—Ni 22 at% coating shows a high
friction coefficient and poor wear resi stance.

Figure 2 shows the wear coefficients of MoSJ/Ni
composite coatings. Within the Ni content region of 0-15
at%, increasing the Ni content led to asignificant decrease
of the coating's wear coefficient. This indicates that the
doped Ni improved the tribological properties of pure
MoS; in the atmospheric environment. The optimum
composition of coatings are M0oSy/Nix% with x=13%
level. A reasonable explanation is due to the increase of
both hardness and adhesion of the MoS,/Ni coatingswith
theincrease of chromium content to 15 at%.

12
E ...................
7 10. —-—--{\ I
- ,
£ 6
: )
5 4 I
:
=
g7
g

0 S 10 15 20
Ni Content (at.%)

Figure 1. Wear rate of MoS«/Ni composite coatings as a
function of Ni content
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Figure 2. Average friction coefficient and endurance of
coatings test results of MoS2/Ni composite coatings with
different Ni contents
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Figure 2. Zn Extraction over time in different H2SO4
concentrations

3.3. Effect of iron concentration. Iron isusually bivalent in
sulfate solutions, but due to the constant oxidation of Fe?* ions
by oxygen gas and ionic ferric generation, the concentration of

thision isdirectly related to the total iron concentration.
Therefore, with increasing total iron concentration, the
concentration of ionic ferric isalso increased. According to the

Nernestat dissolution model, the concentration profile of the

dissolution agent (Fe**) can broadly affect the rate of
dissolution. As shown in
Figure 3, the effect of Fe concentration on the dissolution
is investigated. The Zn leaching rate directly dependeds
on Fe concentration. It seems that after 10 hours, the
recovery of zinc has decreased to 0.4 mol/L Fe. Whereas,
as 0.2 mol/L Fe, the leaching rate is lower and roughly

uniform in the sulfate solution.
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Figure 3. Zn extraction over timein 0.5 mol/L sulfuric acid

3.4. Effect of zinc sulfate concentration. Zinc leaching at
0.01 and 0.5 mol/L ZnSO4 is investigated. According
results, increasing concentration of sulfate has no
appreciable effect on the dissolution rate.

3.5. Effect of temperature. Residual leaching was carried
out at three temperatures 80, 87 and 95 °C. The results
were presented in Figure 7. Increasing temperature has
increased the recovery of leaching up to 10%. With
increasing temperature, the driving force of the reactant
mass transfer coefficients (such as the penetration
coefficient) is increased. The rate of dissolution increase
by temperature.
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Figure 4. Effect of temperature on the leaching recovery

3.6. Residue leaching kinetic. The kinetics of residue
leaching based on the shrinking core model in chemical
control and diffusion in the ash layer was investigated.
Depending on the detection coefficients (R2), the
diffusion in ash layer model was approved as kinetic
model ZnS dissolution. As the temperature increased, the
process rate increased and the rate constant at 80, 87, 95
°C were calculated a 0.192, 0.23 and 0.278, respectively.
In addition, the Arrhenius egquation was drawn to calcul ate
the activation energy of sulfide residue leaching. The
apparent energy of this process was calculated to be 24.24
kJ/ mol.

4. Conclusion

Results showed taht a significant amount of zinc can be
extracted from sulfide residue. The concentration of
sulfuric acid and iron has a positive effect on dissolution
rate. However, with increasing sulfate ion concentration,
the extraction percentage does not change significantly.
Moreover, the temperature has a favorable effect on the
rate of the leaching. The kinetics of the reaction is
controlled by diffusion in the ash layer, and as
temperature increases diffusion in the ash layer. The
apparent activation energy for sulfide residue leaching
was calculated 24.24 kJ/mol.



Journal of Metallurgical and Materials Engineering, Vol.31, No.2, 2020.

Zinc Recovery from Direct L eaching Sulfide
Concentrate Resduein Pilot Scale

Nima Sadeghi* Javad Moghaddan?

1. Introduction

Zinc extraction from sphalerite is one of the big
challenges in zinc extraction industry. The
pyrometallurgical method has been significantly limited
due to the lower boiling point of the pure zinc. In the last
decades, the method of roasting-leaching-e ectrowinning
has been used to produce zinc from sulfide concentrate.
However, high cost, the formation of unwanted phases
during roasting process and environmental pollution are
the problems of this method. In the mid-80s, Sherrit-
Gordon Corporation used pressure leaching. This method
also faces industrial constraints due to higher production
costs and complex (and high pressure) equipment during
the leaching process. By a wider research conducted by
the Auto-Koumpo Company, an efficient method for zinc
leaching from sulfide concentrate in atmospheric
conditions was proposed. The sphaleriteisoxidized under
the hydrostatic pressure in the reactor and the elemental
sulfur simultaneoudly is released as a product of the
reaction. Different processes, such as physical or
mechanical separation by flotation, sulfur hydrophilic
modification, and extraction via H20 or CO2
carbohydrates, have been proposed for sulfur removal
from leaching residues. In this study, sphaerite residue
leaching has been investigated. First, the residue was
analyzed and the content of zinc and sulfur in the waste
was determined. Then, the material was fed into the pilot
tubular reactor and the effect of different factors was
investigated at a certain temperature.

2. Materialsand Methods

The used residue was executed from direct leaching of
Anguran sulfide concentrate in a tubular reactor. The
content of zinc, sulfur, lead, and iron in the residue was
32%, 34%, 6.2, and 4.5%, respectively. In this research,
industrial Sulfuric Acid (98.5%) and Iron Oxide Sulphat
(FeS04.5H20) were used. The initial solution was made
at 95 °C in the side tank, the residue was added to the
solution with aratio of 20 g/l, and the slurry was pumped
into the tubular reactor. By the pulp pump to the tubular
reactor, air was blowing from the bottom of the reactor.
The reactor height was more than 10 meters and the Slurry
height was 9 meters. Zinc and iron concentrationsin taken
samples were determined by atomic absorption (Varian,
AA240). X-ray diffraction analysiswas used to determine

the phases in the sulfide waste. In addition, the structure
of the residue was investigated by scanning electron
microscopy (SEM).

3. Resultsand Discussion

3.1. ldentification of the initial waste structure. X-ray
diffraction analysis was used to investigate the phases in
theresidue. Sphalerite and sulfur are mainly present in the
sludge structure. Other phases such as quartz, jarosite,
anglesite, and cadmium compounds are found in the
structure. Anglesite is formed due to the reaction of lead
with SO42-. Figure 1 shows the microstructure in zinc
sulfide sludge before the leaching process. As shown,
sulfur is present as an element on the surface and the
particles are surrounded by sulfur layer.

SEM MAG: 1 KX DET: SE Datactor
Hv: 20.0 kv DATE: 05/07/16
Device: TS5136MM
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Figure 1. SEM micrograph of primary zinc sulfide waste

2.2. Effect of sulfuric acid concentration . H,SO4 directly
attack the surface of the sphalerite or increase the rate of
ferrous sulfate (FeSO4) oxidation. Leaching of sphalerite
was carried out at two 0.5 and 1.5 mol/L of sulfuric acid.
In the early hours, sulfuric acid has a favorable effect on
zinc dissolution. However, after a while, the dissolution
reaches a uniform state at both concentrations. It seems
that at first, with increasing acid concentration, the
concentration of Fe** isincreased and penetrates through
the diffusion paths on the sulfur layer. With the
advancement of the reaction, the sulfur is released and
blocks the intrusive routes, and the rate of leaching
significantly decreases.
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Figure 3. XRD patterns for the a) base metal, b) composite
reinforced with Zr particles, ¢) composite reinforced with Ti
particles, and d) hybrid composite
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Figure 4. The effective Gibbs free energy change of formation
(AGY) diagrams for the binary systems of a) Al-Zr, and b)
Al-Ti

3.1. Thermodynamic and kinetic assessment of
aluminides formation. In this study, the maximum
temperature of 410 °C was recorded in the SZ. According
to the binary phase diagrams of Al-Zr, and Al-Ti, many
intermetallic compounds are expected to form. These are
equilibrium phases and the one with the most negative
free energy of formation is expected to form first at
interface. So, in this temperature range, for the Al-Zr and
the Al-Ti systems, AlsZr and Al;Ti intermetallic phases
are expected to form first since have lowest free energy
change, compared to the other intermetallics in the
concerned systems. For convenience, the calculations of

the effective free energy change for the Al-Zr and Al-Ti
systems can be performed graphically as is shown in
Figures 4a and 4b, respectively. As can be noticed, based
on (AGy), in the Zr composition range of 0-28.54%,
28.54-36.12%, 36.12-44.4%, and 44.4-55.37%, the
compounds of AlZr, Al,Zr, Al;Zr, and AlZr are expected
to be formed, respectively. In this study, the effective
concentrations at the Al-Zr interface system, are taken as
2 at% Zr, and 98 at.% Al, (concentration at lowest
liquidus temperature). Based on this presumption, and
according to Figure 4a, this concentration lies in the
concentration range of 0-28.54% , where Al;Zr possesses
the most negative effective free energy change of
formation (AGRy,,= -3.733 kj mol™"), and its formation

is thermodynamically feasible. Similarly, for the Al-Ti

system, it can be shown that Al;Ti aluminide is formed

first with the lowest free energy (AGZI3T1

2.661 Kj/mol).

4. Conclusion

The formation of in-situ Al;Zr and Al3Ti aluminides
during the FSP were identified at the interface between
the powders and the aluminum matrix and confirmed by
the analyses. The effective Gibbs free energy change of
formation (AGY) concept predicted the first phase formed
at the interface of the interacting phases, and matched well
with the experimental observations.
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1. Introduction

Particles reinforced aluminum matrix composites are
gaining enormous importance due to their improved
mechanical properties compared to the unreinforced
matrices. Particles reinforced surface composites
fabricated by friction stir processing (FSP) fall in this
category where either ex-situ added or in-situ forming
reinforcing particles are incorporated into the surface.
Meanwhile, the preplaced reinforcing particles on the
surface of the work piece and the pre-existing
intermetallic particles are fragmented and distributed
more uniformly throughout the stir zone (SZ). Severe
plastic deformation and the high temperature generated
during FSP accelerate the formation of in-situ
intermetallic compounds by the chemical reactions at the
interface between the matrix and the particles. The in-situ
Al;Zr and Al;Ti aluminide formation via FSP has not
been reported in earlier studies. In this study, an AA3003/
AlzZr and Al Ti in-situ formed surface composites were
synthesized by preplacing Zr and Ti elemental powders
into the surface groove of an AA3003-H14 alloy matrix
by employing FSP technique. The aluminide phases were
predicted by AG® concept and confirmed by the
experimental observations.

2. Materialsand Methods

A rolled plate of 9 mm thickness of A13003-H14 alloy was
used as a base metal. A longitudinal groove with 1.4 mm
width, 4 mm depth, and 160 mm length was machined on
the surface of the plates and filled with the Zr and Ti
powders before applying FSP. The Zr and Ti powders
have an average particle cluster diameter of 20 um, and a
purity of 99.99 %. All samples were subjected to six
passes of FSP. The passes were performed at a rotational
speed of 1000 rpm and traveling speed of 56 mm min'.
The FSP tool was made of H13 hot working tool steel
which had been heat treated to a surface hardness of 52
HRC. The threaded cylindrical pin had length and
diameter of 5 and 6 mm, respectively. The temperature
was measured using a K type thermocouple at the center
of the nugget. The microstructure was observed using an
SEM equipped EDS, and X-ray diffraction was used for
phase identification. The effective Gibbs free energy
change of formation (AG{) concept was used to predict
the first phase formation at the interfaces in the Al-Zr and
Al-Ti systems. The (AGY) for the i phase formation can be
written as:

AGE = AG; x 2—
1
where AG; is the Gibbs free energy change of
formation for the i formation phase, C. is the effective
concentration of the limiting element at the interface and
Ci is the concentration of the limiting element in the

compound.

3. Results and discussion

The focus was the formation of in-situ Al;Zr and Al3Ti
aluminide particles during FSP at the interface between Zr
and Ti particles, and the aluminum matrix through SEM
and EDS analysis (Figures 1 and 2, respectively) and, it
was further verified by XRD (Figure 3) and, also by the
(AG®) concept. The micrograph in Figure la reveals that
white Zr particles were surrounded by a light gray
envelope, which is identified as Zr-rich aluminide by the
EDS analysis shown in Figure 1b. Similarly, in Figure 2
formation of Al;Ti is shown and identified with EDX
analysis.

H " EDS 1
el

N

Figure 1. a) SEM Micrograph of the composite reinforced with
Zr particles, and b) the corresponding EDS analysis of
aluminides

Al matrix

Al Ka 43280 631 TS0

T Ka

999.6 36.29 2430

Figure 2. a) SEM Micrograph of the composite reinforced with

Ti particles, b) higher magnification of the location marked by

a rectangle in image (a), and c) the corresponding EDS analysis
of fragmented aluminides
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