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Synthesis of Calcium Zirconate by Ceramic Methods

A. Rezaie R. Naghizadeh H. Rezaie

Abstract

Two mixtures consisting of calcium carbonate- zirconia and dolomite- zirconia with the molar ratio of
1:1 were prepared. After mixing the powders, the samples were pressed and then fired at different
temperatures between 1300 to 1670 "C. The phase evaluation was done by X-ray diffraction (XRD)
method. Calcium zrconate was formed in all samples. At 1300 T, monoclinic zrconia phase was
observed whose intensity in the samples containing dolomite was greater than those of other samples.
With increasing temperature, the intensity of ZrO, phase decreased and calcia stabilized zrconia
(CanisZrossO185) was observed. The intensity of this phasein the samples containing dolomite was
greater than those of other samples.

Key Word Calcium Zirconate, Zirconia, Calcium Carbonate, Dolomite, Stablized Zirconia.
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Electrochemical Deposition of Ni/TiN Nanocomposite Coating by Direct Current

N. Parhizkar A. Dolati R. Aghababazade

Abstract

Nickel coating has a poor surface mechanical properties. In order to improve the mechanical properties,
nickel were covered with ceramic particles. In this study, the Ni/TiN composite coatings were produced
by Watts bath containing TiN nanoparticles. The effects of deposition current density, electrolyte
agitation speed and the number of particles were investigated. The presence of particles was determined
by EDS analysis and the coating morphology was examined by SEM. The corrosion samples were
examined by linear polarization tests. It was observed that the maximum amount of particlesis formed at
the current density of 4 A/dn¥ and the agitation speed of 450 rpm.

Key Word Electrochemical Deposition, Nanocomposite, Titanium nitride.
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Evaluation of the Microstructure and Mechanical Properties of Dissimilar Welds between
A240-TP. 316 and A387-Gr. 11 Steels

S. H. Mirkarimi K. Ranjbar M. Roshani R. Dehmollaei

Abstract

Dissimilar joint of low-alloy ferritic steel and austenitic stainless steel has been widely used in industries.
In this study, the austenitic stainless steel A240-TP.316 and low-alloy ferritic steel A387-Gr.11 were
welded together by gas tungsten arc welding (GTAW) method with constant and pulsed currents. Two
types of filler metals, i.e. ER309L and ERNiCr-3, were used in this investigation. The microstructure of
the dissimilar weldment was characterized by conventional metallography using optical and scanning
electron microscopes and by energy disperse spectroscopy (EDS). The mechanical properties of test
samples were evaluated by tension, charpy impact and microhardness experiments. It was found that the
samples welded by pulsed current exhibit relatively higher impact energies mainly due to their lower heat
input induction and creation of intense mixing in the welding pool. Consequently, the formation of
undesirable microstructural features such as carbon depleted zone, transmission region and unmixed
zones were reduced in the pulsed current welded specimens. Among all the filler metals used, the nickel
based filler metal was found to be suitable since in this case, the migration of carbon into the welding
pool was limited and therefore, the risk of transition region formation as compared with other filler
metals decreased.

Key Word Dissimilar joint, Austenitic stainless steel, Ferritic low alloy steel, GTAW, Pulsed current,

Microstructure of weldment.
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A Model Based on Pull-out Mechanism of M »3Cs Particlesin the Matrix of 1.2542 T ool
Steel for Estimation of Toughness and Strength

S.E. Vahdat S.Nategh S. Mirdamadi Tehrani

Abstract

The use of methods employed for estimating the strength and toughness of composites reduces the trial-
and-error in their design. The strength of interface between reinforcement and matrix and the effective
surface of pulled-out particles have great influences on toughness and strength of these composites. In
this study, a model was proposed to estimate the interface strength and matrix strength of the composite
and their effects on the toughness and strength were investigated. In addition, the strength of interface
and its influence on increasing the toughness and strength were examined for a composite sample
containing M23Cs particles as the reinforcement component within the matrix of 1.2542 tool stedl.

Key Word Design of composite, Particles population density, Strength of interface.
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The Study of Reaction Mechanism, Microstructure and Mechanical Properties of
In-Situ Composite Produced In Al-V,0s System

M.Ashnagar A Mashreghi M.Kalantar

Abstract

In this research, fabrication of an in-situ composite via aluminothermic combustion synthesis in AI-V>0s
system has been investigated. For this purpose, the mixed powders of Al and V>Os with molar ratio of 28
to 3 were ball milled and then compressed. Differential thermal analysis was used to evaluate the
temperatures of phase transitions. Using the peak temperature of the reactions, the samples were
subjected to heat treatment. It was shown that the reduction reaction of V>Os by Al is a stepwise process
and V>04 and V>0; as the main intermediate phases and y-Al,Oz and Al»3Vy as the transmission phases
were formed before the formation of ALV and a- AlOz. Microstructural studies showed that after
sintering at the temperatures up to 1000 C, AlsVs phase is formed at the interface between the two
phases of A3V and a-Al;03. Hardness and compression test results also showed that the hardness and
strength of the samples increase with increasing heating temperature due to the formation of greater
volume fraction of intermetallic compounds and ceramic phases, however, the compressive strain
decreased because of the formation of a greater amount of the brittle phase AlsVs.

Key Word In-Situ Composite, Intermetallic compounds, Aluminothermic, Differential thermal analysis.
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Microstructeral Characterization and Evaluation of M echanical Properties of Nonostructured
2024Aluminum Alloy and AA2024 Based Composite

A R. Abdollahi A. Alizadeh

Abstract

In this research, mechanical alloying was used to synthesize ultrafine grained AA2024 and AA2024-B,C
powders in an attrition mill under argon atmosphere up to 50 h with the rotational speed of 400 rpm. In
order to determine the grain size of the matrix, X-Ray diffraction test and Williamson—-Hall method was
used. After mechanical alloying, hot pressing and hot extrusion were used for densification of powders.
The microstructure and mechanical behavior of hot extruded samples were characterized by scanning
electron microscopy (SEM), tension and compression and hardness tests. The microstructure of samples
showed that the CuMgAl, precipitate is present. Furthermore, the distribution of these precipitates in
nanostructured samples was more uniform and their content was greater. The results of mechanical tests
indicated that the strength and hardness of AA2024 alloy after mechanical alloying and addition of BsC
particles increases for 64 and 49%, respectively. In other words, the AA2024-B,C nanocomposite showed
the highest strength and hardness, however, its elongation was the lowest.

Key Word AA2024 alloy, Metal matrix composite, Nanostructured alloy.

Wl ooy 25 85 4 ATIANG 56 3 O UL sased 5 AT/ VN o6 3 e s (e ™

Ol il b d‘m:&.ﬁdl: ol glag,sls 5 sl g Ja@lsc&wgéﬁ: soelils o gis (Gokns 55 (V)
O il Sl grws o850 wotle glagysbs 5 5l A eime okl (V)



e ST Sl ol st 5 (aolilon sy pbiasiiis

"

S Lol 51 ALB4C S o 3150 5,50 3
Mt e sl s L 5 BiC )3 Ssd 5
6}54—5%) sbe) = sla hgyan sl ‘_QK?
3 03 Sl Lbe) el Sl gla s
S o sl e A5 sl Vgeme (S (5L3LT
‘)_i) 4J\;}_J:Q_A oalaiul YL u.i.:,b/\.a u.,o\j;- L; ‘_;\0)2
t_g ol J»:S).? g_,S]a J(}A ‘u—i‘)"l" 'JWS@ Jb;:‘ LUsvy
FERUE SR ijdl.wr.aa ool sl b ag, opl
Sla s o S La R, ol 53 bes O e
Sla STy plowil Sl el 508l mbe s
QNQMSuﬁqﬁjﬂj@jmm\}}U
ol Josas 6,8 sl s o SO ol
[8.9] dery po Bl oS o &5 I3 ol
ST sy slacmse S eee 3 S
S A e (S s (SOl
C)bb )—:“:‘—’-‘j"’i.’. G")}; LSaMJdL;.s 4;:;‘ BE]
Lol el (g Sasey S sad 40 Sl oS g 55
odalie Ladisas pl 42 ‘_)L;;(..a Oy Ol lad o
Loawslie o laa b o fsliss and) s 5
Lol Ge3lisl 5 508 Sl 5 S ey Slads 5o
Al s Ll Oley oS il 5l (el 5K S
St 335 S50 S SO (53L3U
Goslul il el SOl (ilasUT a5 s
L aslie 53 a4 56 Dlpd SeteS m35 s
[IL12] 555 a3 50 5558000 s,
B9y > 03 ane)d &S ke | ab
Sl S 3 gyl & S (SO 5 3LSUT

FVRVYS

3y paia ool o e 1 5l
ol 5 wdige sl o Sl 51 S Ol sea
et Gl 53 s Caxis 53 sl s gl lS
(Sl D53 L a0 sl SUIT e
oS e sl cplind 03 S Ty (3l e el
SEl sl iags &5 las oy olse 51 (S Ol
Pl (0 035 L e 4 8 oy 5o 0T (55
mly ol Blesl e ey dode L
Sl D3 a5l AU o SOl sl
o2l Sl gl game c s b Culis
1] dtees 1l |y ole

J=oas BaC) a8 ¢ (Sl s D155 g 5o
ol solkl YL Ol 8 dsde Vb b (gabals
N a2 5 bl 4 Caslie Vb e (o
GlotiS a5 4 oS J& 5 Jlo pland onslis
s o s IT e S o e il 53 s
ol G B e (ol s 0p )l el
Loz )8 ALBIC oS o sl g 05 5 5 o 3 Bio
[2] Wlasly Glars mlio 55 Sloss

sy ool 350 5 O35 a8 (JS sbe
et e U i L Ol e 1 (55l ael S e
Cooslin dsle ol go 4 cannoy SUT g Sl sl
S ST (s i ilandl 5 plSonal (S35 4
[3]s,0

FIC ORI F
sl )8 Labls s 5o o)l 513 YL rl-{%"w“
SLIT ol 5l esliad g5l b 4] sl Slsl
203 sl ol LIS e Sl S50 O o
[5] il axils

SR ey oS e sl C b sla i)
Al- CS 0 slge o 31 (Sal e D3 L sddog 58
Sl s, 3,8 Ghuaid o5 S 53 55 Ol5 0 1, BaC
[6] ol 56 sla sy 5 (sd) e 5L




v

Mg o 55, o sbigs 4l

iy el 4815 55550 F0S (Sl
- 53 AA2024 5LT . iass ol s s
Ghwst 5 OF gl oS o gosle 5 Skl sl
33T B sam cmal sl oy 5 BaC 13
s bl slaaaiis s us )5 SO

b S 05 adlas 350 OF SO s,

GRS g, 9 3

o ol 3 Oge3] Sk sal ol e
Y (Sl 2 e s ol il e Lol
o O35 5eST=T 5 0 S 0000

AA2024 5T 5 (BC) s Ae)lS slass g
JSd A eslanal G ol s cad sl sl se Ol ey
SN Sy Koo sl el gobiasli ()
Yo ssdm o3l L BaC ly3 51 (SEM) s,
L AA2024 3T 5o g 5 slsad S [SCoay 2y S
Ml A3l o 3 o3I S (sles 28 T s
il sl IS Gl G s 3T e T L3
b oo 3, ST (oS S olSns 0 e
A Ll (Ui 53 49/488 oy 1= L) o551 58
Vs IS o S s T L g Jols Lol e
S 0905 45 35 e ghn 0 Jhday odd (oS
SO et 03855 Y i ) 3V 5 (gabaiome
[P F COU W= NV T [ RCIN PR S I
s b S S s ) ) ey 4 WS
Sl dsl (55 Aoy ¥l Al plil ads
processing ol b (gediS J xS Jsle Ol e
53 68 lul .u_ esliul (PCA)  control agent
el LT slass gy 555 5 ol 00 Ol ik
Gosls 535 035 8Ll gl elie il b s
A rle;.s‘ AA2024-5%wt. BiCL_S ;e

Ll 5l 55 6 L

ol o3 edeal s s S xie Lab s e sl
(! 3 NS sy S5 e S5
[9,13] 553 o ain 4 003 31 LL W) Lged Eols
3 S Sl LUl aa, o Kes b, b
O3 aS ol sl b sl I 55 sla i,
ol ada 5y Sl BT sl ls gkl
Ol 355 e A5 Ladls e 3l ladae LB oS
S S U N P L S R LA I
Al arsl oS sladils 50 ran 5 Laddls 050
53 Laasls ge3lil a8 s s 0L b 518 [5]
s Al e Y b0 us bSOl g5l sUT
[14] 4L

Ohsam ol S 55 ALBAC S e sl e o
s 5 S w5 e S ooy i ke
Wond (S e Jead ol 0 s 0y ey 53 B4C
3 Sl s VLGS Sl eiS o sl
=l el Bl (SO L dlesl
Al- S 0 sl SO ol ot Sl 4 amie ol
o=l 18] s b 55500 gsa odd A) 55 BaC
S e Sl SolSe ol s 4 e el se
L amlio 3 SO (L3WT 2asa s W8
Db G SN 5 53 il sl i)

53 les S Tl Sl 055U ax S
Lol ccmal sl <=L_>.L}\ Gk ey S 0 3lg0 390
ey Olgear YoYE SUT 5lostizad 5550 53 o o) 5
S CalllB e Llg e ol ol SWI Sl
33T Al 351 ey 5w SUIT ol sy S
SLp s 255 b SR Sk 5l (S
oslatul 5 Sl por Sl 53 lel Sy 43 4B S g0
i S e sl ge 3 oS Ly s 5B Ol gea L0 )
3525 L) BaC (gelis o 55 56 5l enlanal (g5l
Skl s 568 05 SV e S o le ol

SlrodiS o 58 plw an Cond (05555 2l




e T SOl ol o 5 (pletl sy pbteasinio

A

J16] el a5 550 (545 g 4 b o S

Shedd o5l slass s 3lweSt e Gl
A el Bla 035 ST 5 8 0050 sl b
L glelpal LB G 0500 005 slaas sezs
03,23 (Vo OC slas) o, 8wl s (5 ) Led
sl 05,55 (gla o3 5l ases ST W(Y) S LS
das e OLES

ok e Slae 35 sl ses Y S

ol 03,05 (sla po B > ol el I

055 St Dllas Lo 5 Ll =)l B 0555 5
LS 150V 0C gles 53 S es il L D
e o8 _ils j5 4 S Bls 05555 NECEI
SV LB S el oy et el 2SI
SlossS 45 25y (HI3) 5LSp 15 55l Y55 uir
Les Jm8 5 Gl calb b wlpal [Saay o glas
Cramd 5503 S a5l 300 jean Veer °C L
5> Lads ;e e V0 ey s, o) S e
S eddeals HlE 05 xSt LB g4, sl
SN S ssdes ey Sl ol Jles! g,
sl e e Vs ai ol s L
B sl o Sl EalS ) aeas A eslanal
e Al SLS 0L, S Sl el 13485 gabaisa
Sy OS] oS ((F) S 3 i eslin

sl odlonls QLIS gt ol s esland

SSEM) sy 5,80 8y Son (sl i ) IS
(©)BaC 5 (i) sl o JT 35

00 51 oy Wil 311 Dl jiS o shateas
Sl s Ay O3 3l g el
530Sl S5 il s sSIl Ad eslizul (XRD)
00 SLaplS L pn Ar B Y e 5 YO (Sod sutos
S g Olsee 3l eslanad Ll &3 b az 5o
53 &l o3l Jla =0 guplds s gabaly b Gollas Sy
—Oplalis salaly b Bllae Al ailoe al> s a
(@) La,sh ol o) sl 255 e b5 dle
1l 5 ot (B) S sl
Bcosez%+esin6 )
(/088 A) Sl 555 s Jsb b cdlady ol o
S B il e (0Ll e ) 3 gusls 0 5
Cmdiy o gl 5ol ab iy e S by
il e

B =B B )

SISl a0 5l ol S sl Br Ol s &S
<l By s ((Kus slax s Sy sl o




gl

e s iy sllie peligo 4

Loz 53 ASTM E9 sl b lae (,Lis O 4e3l
S50 = ) mm/min S ,L e L 5 G
VE L ol (L/D) sbasy Jsb o b oo o
Ogma3l 3l ealil Ly L gad o A oLl
5 s Y10 saan b a3 L (i e

S (S esllp SAS Y (55

Con g ml

Sladisei & by oS S5 G 655

sl (£) IG5 sl 53 g ol eaay ol oLl
b Sl Pl S s e
LacSy (sl 45 358 o otalie codd Ll (glads 5a5
corl sl ol anl 2alS Lol s s 5l
Pa by« Sg Gl SR 5 S 0 5eS
S sS wisad ol s e OLES &S ol AL-B4C
O3 5L Gediasolas (ol 3yl 1y &ls ge3ll
(Sl > A3l e e SUT Glaails o3l 5 BaC
Aulp S e g8 e e BiC DS o
P P PTG T S P I ONC
S e e ol apd e S 2
3BaC o3 > 5 (..:...:.a‘,_ﬂjsy O3 aose
ol 5 Bl Gl b gl J&s O gams 3
ALB4C 35 039 Salspy lp sdes s S

[17] A3l e

. * Aluminum

i bl Al 30 Y
bl sl 8 ) o Al g ¥

| sl s e 3 s ALBE 20 ¥

Intensity, a.u.

Y
v i

20 26 2 38 44 50 56 62 68 74

L |
iy LIy

26, degree
Sl 5 adsl sos WSl anal 3l o SIF S

J‘L:‘Lstj’ﬁu:’.‘)J salaul Sy dj_}_,iws‘ ali;»:‘“‘)i.i

5N Ssdes e s eS

3 A sz Gl 4 S el S SBa 3N
SUT ol SOl oLl anl b 5 55 A8
25 b eslial Ly o e (s yod S AA2024
05,25 Ly odisS Co 5 s 5 ek Ll AA2024
SIS Bl 035 St s S

Slasy ¢ 055 St Sliles plonl 51 ey
S = e 5 SOl sl 3 03 Laas s
s S Sl skl sl s aallls 035,25
XMU VEGA-IIJas (SEM) —ius, 5
S8 il 4 jg2s TESCAN S 5 oL
A esliad (g5 5

S dbaas oSG ol samlie Gl
GLAas gas s oslital e 5 5Lad (2ES (el
g ASTM-B557 s 1kl bl o ¢ iSO ge 3]
A plasl Y mm/min gL s e U Ose3l




e T SOl ol o 5 (pletl sy pbteasinio

35 e Sl (s 5 Sl S (Lzs
slol Eel Gl ool 35 a0l 5 Saw gl
St s SOl a8 50 e andad 3 senl glaad
534S s bolan Ll [18] 555 o aiS oo S
53 edd 05 St lad pad 355 o o dys (0) IS5
S, aile b e a0 S 06 G ol
(i S 53 ) el glaad 5 (Saw sl
Sl sl S0, Jdoa opl 5 2L e
el O Sl e g Loy sage
Glads yos il A L) gla IS s
S 3508 5 Shlse Sl 55 5o edd 055 2uS]
ol 033 LA X (655 5y ot ol jenay 055 5S]
() JS2 ;3 «SEDS 0yl 5l Jol> = o
(A) S5 ol blis a5 dias o Ol (iloks 03,51
5335 Sy A BLE 55y A8 O3
Lol o e 3 8 36 «(B) SEM (sla s soai
o by el A el Spl v ar g
S Ol o i gr ool 5 5 s g ]
CuMgAL (¢35 LS 5 s daze Yool oS
AA2024 5UJT 5 8 513 s oS 19,20] txes
23 gl Gale w5 (035 2S1 ) VU gl s
3ol LSS (S35, GBSl s, Sl ) 1se
e dS Gl SLS Sl (@Bl 5 Ales S sy
ol Slles 53 21] 355 0 4uS S 3L Lo
03 4003 SWT re obsa Kiledal 3 g say e
059 St azsl b VL glas 3 5,5 )5
e Gl LS (gdny ule o 5 (Ve °C)
53 6ol il el cpl el s (S ogeny)
Ll s ls AA2024 ST e 5 ool 21531

[19,20] was o 2alS il |y O (g dycbllans]

St e dd e (galils (gojlull ol

(V) dsdzr 03 S 35S ol ey Jla =0 gusplds 5
IS s (b e sl &S sbobes dleds &1
Al s s ol e Jlasl ok..ﬂp.a Al
U Laasls golisl 2als el SOle (g5l 3UT

w‘cM&J&;&bﬁ‘}f“ﬂyb\“ )\JJVS

P d by s S 5 ae) ladils o3l Y Jgie
AA2024 -B4C ; AA2024 cls s, s AA2024 cadsl

Sl el o 51

S5 S sladls gelwl o
(%) s | (nm) aus e
OaNY Yoy AA2024 sudsl 535
v i 31 e AA2024 5
GSlul cel 0o
o AA2024-B4C 35
v n Sl el ov 5l

Gt ol 3 el 5 2S) 5l slaalie (glaiges 0 IS

055 fSt glaados 51 glas 505 (0) S5 55

35 A4S G 0dls ol il el esls OLES sl
Eel aabd 5 LB o Shol ¢ 055 2uST Al 2
bl /B S e e s ool sla i sl
s b wns S e slge s (S a5 e

C;ME‘.}‘\S) éﬁ‘ﬁéau%ﬁ@)b))j&




A

e s iy sllie peligo 4

SEM MAG 2,00 kx WO 24 26 mm VEGAH TESCAN SEMMAG: .00 kx WO 34,13 mm
SEM HY 1500 kv et BSE Detactor 0 pm £ SEMHY 1500 kY Det BEF Detector 30 pm
Date(micl). 120812 Vat: Hiae RAZI Dateimidyy 120812 Vac Hivac RAD n

Cu-KA

O\;}M\&;ﬁﬁ)}aﬁ}dj')ﬁdlzm\)jé)ﬁ ffb}“")t’.l“”ﬂ)?g}g‘:
CuMgAL <5 3imap 5JT el s «

: -~
AT 7 o e ! o
SEMMAG 200k: WD 22T5mm L il .| VEGALTESCAN SEMMAG: 200k WO- 3270 mm

SEMHV 1500 KV Dt BEE Dotectar 0 pm SEMHY. 15.00 kv Diel BSE Dtector M0 ;
Date{midhy 130812 Vac Hivac Rnan R-kzln

Datemidy) 120812 Vac Hivac

Cu-KA
S g 35e8 5 &3lee glaly 3 s kel U AI2024 5UT Skl s, v e

CuMgAl: ly3 imap 36T of s 4 0355 2]




\Al

SEMMAD. 2 00 ke
SIMHV. 1500 K

00 s
Det BSL Deter

slur

a0 TES

N
CAN

SEMMAG: 200 ke

Wum

Drate(mid) 1306813 Vac Hivac

£ SEMHV. 15
RAZI Dateimidy)

W

WO, 2318 mm
Del DS Detector
War: Hivac

20pm

Cu-KA C-KA
3sae 5 S3lee bl 53 55 Al-B4aC L;“w');»ls Mjaﬁ)L’I}'Laﬁ)/\Jgﬁ

BsC 5 CuMgAL &l 3 imap 5J0T of s 4 055 2aST g

CcpsfaV
0E] EDS analysis for point A |
J (B,C)
040
020+
0.0a L | % % % L T
0 2 4 [ 8 10
cpalal
1 EDS analysis for point B |
b (CuMgAl)
1 |
10 [ |
I T : 5 5 10

BJALUJ)'IEDS}“JUT@L;AJ@




\4

Mg o 55, o sbigs 4l

JES OO SWEP | WA A oij)'loJAT@M;aq_@u Y Jsde

64}}».} M}_ﬂ ‘553\.‘}}\5
5 g0d L
e Sl 56 S
AA2024-B,C
Yo 00 OAY (MPa) L5 rl.ix:.ﬂl
Y. 0o OAY (MPa) g oS oSl
Vé/e \/YY +/874 Jsb sba3l s
gy 04) 4. (MPa) (5 L2 olSouid
AV V1o Wy (HBN) _zsee

s Al SO ol 35 3 5k G
P O35 S 5 O eSSl 058
i e (SOl (3LaSUT Al 3 53 e T
Al ‘t“elj 03 e 0o BaC ol )3 &5 R
— S =3 i Sl b SO (g5l
Oao3amy 0diS S 38 D5 358 Sl o pm g
3 C'u S R R P WP Y V‘“‘“’fﬂ o)
AL [17] 555 0 ails 5 a3 WO s bt
Slikes 55 Jlasl (2548 5 8 o Lal 55 a5 ol w
(e sl (Sans Olmpse S ot 5 035,25
53 e e 3 S Sy 3 T3l el
Al s 3 ) 00 D3 S S ey

O gmel 51 ediel e L PRUPRESH
D13 e Klodd sl Gl e e 5 JLES (LS
Ois Sl Gladisad @y by o ige NS = 25
b Jia ol 53 358 e e dys () ~)J§,:':, 33 el
ol Sl s (iS5 s SlaplSonnal &S 55
Sl G daslS s dn gl s SOl sl UT
Jsb sLsjl dos a5 Jl= s sl g 5 LG
el 4l EalS Sl

(S wn) Slesd S e slse el 15
Ll ador 5l as 5)ls Sy s ol g a

Il 5l 3 s e 4 Ol e

oain SEM (sla p 5ai 5 b (o2 b
Slgry e 0l (Ll Sladi sad 3 oS 553 00
(5 o) el S Ol 55 5 e
By 0dad 5 X G5 s 3 5SS
B N e R R
Laals 5, 53 Olswy ol 5 i (ol odalin
et pladl Dlighos 53 ol 0580 el S
e PURCHN PRV JON. SIS S W RETPR
ol |l Olg,y ASL S S il (gl
03 Sdd ol 5 [22] s il S S 5
Y SlS Lo g sl
ool I SEM (sla jy sad 53 a5 LU (e
s 4555 5l ol ek gad gaes Sl gy, oS
sllee U ol 5 il e S 5 S sl
Al 1 oy SlweSl e sl 0555t Slikes
oS s o8 Dl 3 (gell &35 Go g S
Sb i Sl eslinal b &S dnea Jalse aba Sl 5
S syboles .o, O w) w0 Ol5 o SEM
sd=3 Al -B4C (gassa 4 by w SEM 4 ai >
sban (S5 ol BB L Aol 3 g 0
5 Aledd w5 53 w)ﬂ Gt > Sl 4S5 Sals
sdalin D3 O Gl L and a5 S

S B DS GBS a5 el s e




\41

JJV'S) 50 ol sladls o3l L Hlad gas 55
s S k5o 0k plem ke ST S Y
Sl s el b ales <‘L§>=x.wl Ol s 03
2o 8 s e 0L by 05 o0 ol (o
Slaassed 255 53 g —dla 056 M=) 3 5
LS e Slo Jsd LB sba (UFG) &ilsy, &5
= I 050 L pls i s s [22]
.>)\; S el 0l G031 | ek oIS
e8] el Sl (ails o3Il A e
bl Ayl b s w8 S5 oS sboles b e
Sl d s sl sad dlbs gy el Sl
= I 0SB L Gillee ol ply (Y Jodr) 555 s
e S 3kl U ST s el
Mo oy e oails Glajlrle sy dal 5t
S oS bl 51ls (ol sladils e il 56
dees La o o8 > ol 5 o Ol s Loalls
et 53 352 gp wlge Laddls e 1AL S
PRV PN AT K P NG R e o
(s eaman ipd e S ete Lakils e oy s
oalS (il Ll s e ol el
ol la s 2 K3 Gk 51ITAT AL e
s sl A, 3 0358l 45 Wlesls LS
e e s 5 350 e e SUIT sladils O
ST ol (55520 s gmenes sudils Sl (sl
Sl pbn (Y dodr) e 0l o 58
Aol 5 el i Wl e Sy 5 b ol
O3 S8 S glrodes Js 93 0 el 50
Cmnd S o Soole (a0 503 53 any sladils (o3l
5,15 3 5 (oS 55 03) Ll 5 SUT
SLaOlss Olsmeasy BaC ol pd ¢ 059 ST e =)
ey sdme kS g8 5 Sowler Gl b
Golbl als cely ol S o e aey la

[\/\j“] J‘)Juw W)/oji 6JM:.» Jw BL] laails

a3 Sl L JED (go g e 5 053 Sl bl
9 (Jh}t.w S M‘Jﬁ)) Laasls &b‘)b ce).i a

“YVJ Ol 5 g —dla SisuplSonal a8 550

) JS ) )L\;‘ c[Yi
A12024-B,C o jpnelsyils (n
600
| =
s || SLegil parinagll
| . .
1 It &% a0 igal
b 400 4 f
£
2
[l
00
|
|
100 |I
o
[} 002 004 w6 0% 0.1 [N+ 04 ALY [AE] 0x
e
w0 Al2024-B,C cojausls il <)
700 ) -
[ SSLagil posimegl
Lo & o Aigad
g 400 III =
= [ e
00 I|I S
| e
w | /
100 |'I.,-'f.
o
o 02 04 06 08 1 12

S
GoLis 5 (L) 228 (5S — 55 oe amlie V0 IS

ol ij"wS\ ‘5@4.3}«.3 (u)

st 055 2S) glaki gad plod plSotad s
D553 5 g~ s ol 53 3l ealianl Ly 0155 o |
<=l§.>=:.wl L;c\./b.\) @ —Jdb 0B L sollas ols oo
Al g ) O s dadils wf;@o L;e)'\.b\l;.v.:l.mj
Dy st
¢=0ay +kd™ (¥)
SShsl 15 O ks oSl 00T 53 &S
Al e baails o Sle gosluil d 5 ol sas K s
G /0 3 dadils o3l a4 anes Llg5 on Olg5 [YV]
n e clly Cllys sladi el 3590 50 LS o5 )

g o ab S K0 50 /0 L ol —dls gddal; o




Vo o 5 5y o plige 4
R 35 sl Lol sluas oS Ll 5l el
o= e cl 5P OS e (sesle (545 5ed
L\h . . ‘ oS L?ul ‘ 2 l 5 [ _ _
SLriond Slr o ol O o2 AT s ST L aslie 55 0T Lty (ByC ol
4.:.“14# b)j,d
A . 45)).1401.@.&—“ JyM‘j};M\Jﬂ)c)L}Lﬂyb
S ool alols o - o . P
(MPa) O\l ' 4 g0 C)Jj V—PL B.4C u\)b BE-E g A S )Lﬁ
(um) ool ys ) ) .
A 4 e S e 5 S Glasids S
& S 60)\&\ u_,.“JJJ U'i\d” E) JJJL;" L;{:_»b/w LS)LSL:M:T
YA ¥/ Skl 536 AA2024 5UT o .
" o bGP ol e gl
;-'Sf de:b}.}[} b c&}:._m | &‘H‘ » B4C CJ‘)J B) 9.\4;-. J.,Jt
AA2024-B,C

g ~dle galal) 55 olad el 3550 5
oL plSt ] Dl 5 slasltle 5l Golos
S > 85 Sl ol a5 LB 6aS 515 (5 5
O3l 55 (iSO amal 3l edel o =l b
T S ged A S DLl S SWT 5 ol
S 5,8 5l il 6508 (6 lycillan
o5 0 O eyl Lol 603 8 Jamd S L
ol ool Gl st LT BiC S5
S o el il 2alS ¢ pdioilanl 5 il
S e el (Sa pad 53 ae ) slaasls (el
(0deS oy 55 O3) Sl 56 5LIT 51 58 58
23 oz A D3 sam el 5ol
L35 50 Ol aaplSom ol S8 550 ol
o3ln S0 s0d oL plStal 2l 5l 5 355
BiC b 4S il o S e SaS S e
sl =l oo esusan L S5 A, 5 Sl
ol b onl 5l 330l e o ba ous glaslas
g e (Lt oSt tyl 5
=R lases 5 (V) Jodr glaeshs & a5
A8 D3 03533 5 Sl llas plmil (58
SUT 6 piyOlanil 5 shoys AT J2als 4 e
ilor 31 S (5 pdyillanil (gBls 53 el e Y YE

Olslysl iy el IS 550 5l oslizad b Ol e
o St Sl 05 el 3 S e
3 e gl 5 ol e gl r)-y e

Wl ) Doy gt dipe 3 54 e

V3 bE

—_— ¢
3 ©)

T=

s B ol3 s gl d O 3 s
bl 227 des b 35 5 b ol S
23 35 5o D3 L gt A a5l
eSS G 58 Db 5 Slgay Jold) aie
Sl om 3 O b gl s sl ¥ S5 il
PR S (alix:_.ﬂ\ 5 Al e SRl ()3)
godd o8 il oty 3 b gl G Ojlew
[ L)l_n)‘r_h Kpd eesls j3 w8 e
8] S o Iy 2l 3 on plSowtal cosle i IS
s i eI sSUT 6l b S E sl
5 A lde [217 430 e /Y nm 5 Ve GPa L ol
e S g a5 3 ge D3 kb 4 a5 L
SIS (6 oo Bl S (g g4 48 L0
a5 s pd e ey (1) o 5 el sy
b S e S 5 S edalie 015 e caesls oyl

Gosl (g4 sas (5l = Olghsl adasly 5 0l aciles

RS e Wges Sl s SR S S




e T SOl ol o 5 (pletl sy pbteasinio

\A

5 Sl Sl (s U S0 05 5) o5
Lty 5 s loa )b 4 a5l L JWE S 5l
[10,14] Codl o3l GL51

03 dsgdee sul 4 e BaC D)3 s
sl Gam 53 5 3550 e Olup s IS 085
ol 03k AN S a0 s o ae sl
Gas g0 3 (il bllaa] phe 535 CnSs 3
S 300 53 o poima 53 35 o el S e gosle
Y555 (Sl D3 5l ot S e gesle
55 Oy od o3le Gl ad ge la A O s
sl

23 edlS S sl 3 ) pa pde 4 a5 L
SUbay S5 55 505 Sl Gl (o e 58505
5SSl ol sy 5 lasl 2als
V) S s s e sdaline sl 53 (g 5 e
Saaasin JlaS ) oS slae o Ol 55 oo (A
4 pod eSS el 5o s 5 S
i g S S Ol S e (@ls 2 5 S edalis
sy sn ladll e 3 & S )3 e i
03 S Ay e i b ¢ e 9 ol 031s To ) 03
4 ged LS 4y e (Il 5oy Llate gy o
Dlse i S S S 5l 4 ledl
il LT as S 5m 5l sole ans 51y S
[31,23] das o S Ladils 50 55 Lae i J3al 5o

T Glo el 3 oS (5505 wx 5 LB sasS
S s a8 il il 3505 55 bkl sed S
Loalis 55 S e gosle (g4 305 (5 pdyllan] 035
o )l O3l Jdsa) Sl 55U
= RS s ga 3 el il S0l O nSls e
5 U a1 ST &S 5550 0> 30 25 S
Olp e SIS ot 03 O sl 2 oS 0 so3le
s 3,5 MlS st 5 (1S sl 05 )
= s S «S I s bl Cn s

3o ) ey 5 Olspse IS0 0id (6005 e

a3 on I w3 S o 3l5m (Slay pdoe
el Wjﬁ sl L

S b (Sl (oS 58 O3
Sl 5 Kl Sauss 5 VL oSl (g1l
Lol onl olss s Sanl o 315e sla i
5 O 7S e Gy g otz s 3T (G
oS s Dy Gl bl s 55 e aw Sl
Sy Sl bl s gdm aw s sl 550 o
L S e sele dsb sbsjl Ol e JalS oS o 585
S8 et Sl s la i (@Bl 5ol Jlise
03 A4S eSS ol DS ey LB 3 ) s
S| [N LSV S PN WY SN W ER - Sy
3 G st et bl 5 Ohew S 03 o e
CeS g 3 35 s an s RS
L) alamdle |l Ol 5o S5 1085 05 Lo 5o
o a rlals s e 1) (IS sl 05
sl 5 5w sladls 5 45l Dl eIl
s g o2 plSoutal i STkl 508 S5 oy
(OIsh3l 5 g —dls slaalal; Gb) L e 2l 53
e 3 0t SR DS b slad 3 A5 S e
3 9dee lab ol s M}ﬂ Sen Olusp o IS
[29] b o s U

S5 e B (s ey oS5 3lsm plagl
JSE 5 edS st Sd S 5 (S,
301 ol by o nifosd S i fub s o,
cha s elalie 16 g ol slaasS 1 S
M )L}i_.'z AA2024-BsC S 1o o3l sl K
odd peal )3 jen B Ol S el
224 5 003 eSS i ols g el
Ly Gl el 0315 5 Jas 1 53 €500
S o 3l ge 53 w3 o Jlal 45 ol OT SOL
S35 sl (SO LU o pa ol 5
ol a5l el CaSS s 2la 5

Sl CiaS Gl age/end e S rie b e




\a%

Mg o 55, o sbigs 4l

o EE U CIUIN [ WV PR W O VPR T PN PO N
0355721 3 oy Sl 5U ST e &S ol g0k
oMl Al oo SRl am Sl O A8 Sls 0ad
DB 5l 4 eliS Lo 58 Dl5 Ol 0538l L e
o (D155 S8 53L0) 0kiS1 5y 3 aselSona
Ay 8 D3OS e Bl L s s gh e els
CS o e 53 35 5m il 3l aie T (ge
P o Ol 5 b e Rl s bl

Al SRl

S S doms

Cilean AA2024 554 SOl oSl b

A ey S VoVl Ladils goslil el 00 Ol
AFerU YN 4 s Aosls S5 055381 L 5 e gL EA
Slaatsei 5o ol b 3L s
CuMgAL (315 Sy g 0l O3 7S]
S S ol AST L sl LS 1 bl s
ol Ll glma el 53 Sl ol Sl e
S S S Ol i 5 5 Gl )
ol oS Lol Ol 5SS slad ol o
S 5 s e ST i 5 s
Je R AV 5 TAMPa Ly ol s S (SOLS
0 035553 5 LSl el 00 lnil L 48 Wlos
S 2 WY 5 0AY MPa & 5 S BaC S5 Ao
A ialS ay e Ol i ol el sl 5l
VE/E 3 Yave vv'“«")j SLIT g pyoilanl (g s
SO s oot 5 i (o +/0 &5 Ao s

.:\:M;;gr;w

Sy ol 0l S s ¢ 5 AS (gaba
Sy S Lg\_ﬁfl_(xx.wl S ol s enas
22 IS psbar Lpl e b Il s 50 00 ole
o b ool &8 2 s 55 Blge Sl il 550
(93 menan 5 (s, Jdsan) s 5L
o )S Sl 5 A e S o ety b gl
o=l e wolea el (.SJL:W slge opl 3 O
o 3 LI glalaDe LB Olup o IS0 i 5l 50
5 S sl Ui ks (gahal 5l e )
[33] e o 35 SlS & yooas

S piglasl 05 aly BYs 5l Ko (S
ol oy o ST Gl S e sesle (45 50
Wl RS R e S e D35S
3 Chdw By peds (V) K8 55 a8 5 bols
DM (B i 4w e g RS = GRS s e
sl 3 e Laas gl ol Slasyla 1y Jsb sl
S god GRS =S sl ) e (oS
@l 1y dsb sbajl Ao o S imly &5 S e sesle
S b b 58 -5 Sl el 5 el S
NG

S gl e (V) Jsdor Glaeshs 4 a5 L
edd ol s Ly SO Ll Sl ey e
= —dbe 0506 L lhs OF ol Js &S o
il e SO LWl e Skl 0 Lls s,
H=H,+ KD (0)
SISl b ysails (g4 5e e Ho calasly ol s
L [34] el ol sue K 5 4ils go3ll D o
S S e e o )l e Sepl g ez g

0P8 am a5 Lok, cpl o sl 5l s o

e

L;{flgﬂ U‘p‘}}j L;\:-:Mrju )LJ)J..:AIZO} C)‘)J fL’ J.:IU L;'A)J'f" ) 4L5ALJ‘5]M\> L;JJT cd 4‘51{.\4 Lﬁj) \




e T SOl ol o 5 (pletl sy pbteasinio VA

dl.w 4.}‘).A 9 L_Sj)}jud L;w.b.@.ﬁ 44“)».\.4 4”&‘ij L;J§d‘:’“..) Jd}) 4 ol 4.:@_7 A1-45%CU/A1203 C,\J“)).:Als_}.vb

(\VQ\) FY-¢¢ URP 9 e)w LC}M 9 S

2. Alizadeh, A., Taheri-Nassaj, E., Hajizamani, M., "Hot Extrusion Process Effect on Mechanical
Behavior of Stir Cast Al Based Composites Reinforced with Mechanically Milled B4C
Nanoparticles”, Journal of Materials Science and Technology, Vol. 27, No. 12, pp. 1113-1119,
(2011).

3. Suresh, S., Mortensen, A., Needleman A., "Fundamentals of Metal- Matrix Composites", Butterworth-
Heinemann, London, (1993).

ST IS ot S5 2 s ol Sl sl bl " g he S e it BT e e

OYAY) Olgtol s o823 Ol (5, ke padige pazsl AVl o S pazin "AA2024

bl gl ST s e B, ooy 2" 0B o3l S e mle wzp (ole e (3l ol s anr 0

5 0Ll 553l kg ol S e Lles e T USESe 1 el sy 4 e )y AA2024

OYAY) (S axly oDl s131 o&asls il ol O 3 awsy; ansl
wLOLL " ALS%VOIALOs a5 5008 5 SOl ol 5 6515 1 lua T S350 " 5 plo (50,
YAV 355 5 iy b i ol K515 310 o 5 g aS2S1s (5 5

7. Khakbiz, M., Akhlaghi, F., "Synthesis and structural characterization of Al-B4C nano-composite
powders by mechanical alloying", Journal of Alloys and Compounds, Vol. 482, pp 516-521, (2009).

8. Rahimian, M., Parvin, N., Ehsani, N., "Investigation of Particle Size and Amount of Alumina on
Microstructure and Mechanical Properties of Al Matrix Composite Made by Powder Metallurgy",
Materials Science and Engineering A, Vol. 527, pp. 1031-1038, (2010).

9. Ye, J., He, J., Schoenung, J.M., "Cryomilling for the Fabrication of a Particulate B4C Reinforced Al
Nanocomposite: Part 1. Effects of Process Conditions on Structure”, Metallurgical and Materials
Transactions A, Vol. 37, pp 3099-3109, (2006).

10. Han, B.Q., Ye, J., Tang, F., Schoenung, J., Lavernia, E.J., "Processing and behavior of nanostructured
metallic alloys and composites by Cryomilling”, Journal of Materials Science, Vol. 42, pp. 1660—
1672, (2007).

11. Nie, C., Gu, J.,, Liu, J., Zhang, D., "Investigation on Microstructures and Interface Character of B4C
Particles reinforced 2024Al Matrix composites Fabricated by Mechanical Alloying”, Journal of
Alloys and Compounds, Vol. 454, pp. 118-122, (2008).

12. Koch, C.C., "Optimization of Strength and ductility in nanocrystalline and ultrafine grained metals",
Scripta Materialia, Vol. 49, pp. 657-662, (2003).

13. Ye, J., Han, B.Q., Lee, Z., Ahn, B, Nutt, S.R., Schoenung, .M., "A tri-modal aluminum based
composite with super-high strength”, Scripta Materialia, Vol. 53, pp. 481- 486, (2005).

Srler s SO (8 bl T bl 56 CKAS 5V (36 bl 00 sl S b ooy o i N




va Sse s iyl kg 4 N

(OYAY) (S Al odlal 3T ol (Ol ) 018 ais s amaler 5 O sl (555 5Mbte cprnbign ol S 2o

e sl @ eld W5 ALBC o pels 56 SO ol 5 skl amlin " G el vp il g wlpls N0

OYAT) N4 pas ol oslad rin dlo cslpn mdige 53 cn 5 bl 3 (SO (33U 5 3 550 (s S 68

16. Williamson, G.K., Hall, W.H., "X-ray line broadening from filed aluminium and wolfram", Acta
Metallurgica, Vol. 1, No. 1, pp. 22-31, (1953).

SOl ol 5 okl SOl LT b 5 L k)l O3 3 ) am (Bl wp sl wp (alle Y

(YA Y087 2 ) ojled ¥ Al «Sal o tigo 5 ols "AA2024-BoC s 5ls 50

18. Chawla, N., Chawla, K.K., "Metal Matrix Composites”, Soringer, New York,(2006).

19. Porter, P.A., Easterling, K.E., "phase Transformation in Metals and Alloys", Van Nostrand Reinhold
Company, England,(1981).

20. Avner, S.H., "Introduction to Physical Metallurgy", McGraw-Hill, New York, (1974).

21. Totten, G.E., MacKenzie, D.S., "Handbook of Aluminum", Marcel Dekker Inc., New York,(2003).

22. Mahmudi, R., "grain boundary strengthening in a fine grained aluminum alloy", Scripta Materialia,
Vol. 32, No. 5, pp. 781-786,(1995).

23. Wang, Z., Song, M., Sun, C., Xiao, D., He, Y., "Effect of extrusion and particle volume fraction on
the mechanical properties of SiC reinforced Al-Cu alloy composites”, Materials Science and
Engineering A, Vol. 527, pp. 6537-6542, (2010).

24. Ezatpour, H.R., Beygi, H., Sajjadi, S.A., Torabi parizi, M., "microstructure and mechanical properties
of Al-Al,O3 micro and nano composite fabricated by a novel stire casting route”, 2@ Conferences on
Application of nanotechnology in Science, Engineering and Medicine, Mashhad- Iran, (2011).

25. Sajjadi, S.A., Ezatpour, H.R., Torabi Parizi, M., "Comparison of microstructure and mechanical
properties of A356 aluminum alloy/Al,Os composites fabricated by stir and compo-casting
processes', Materials and Design. Vol. 34, pp. 106111, (2012).

ezl WVl 0 S ez "AIB56-AL0s Koy cujselS ol Olles e s cxl s gl o e Y

OYAY) oS ool ms o235 Ol ol (65550l i

27. Dieter, G.E., "Mechanical Metallurgy", McGraw-Hill, New York, (1986).

28. Alizadeh, A., Taheri-Nassaj, E., "Mechanical properties and wear behavior of Al-2 wt.% Cu alloy
composites reinforced by B4C nanoparticles and fabricated by mechanical milling and hot extrusion”,
Material Charanterization, Vol. 67, pp. 119-128, (2011).

29. Abdollahi, A., Alizadeh, A., Baharvandi, H.R., "Dry sliding tribological behavior and mechanical
properties of AA2024—5wt.%B4C nanocomposite produced by mechanical milling and hot extrusion"”,
Materialsand Design, Vol. 55, pp. 471-481, (2014).

ben s "ALSICP s gelS s pdy Sllanil 5 s Ol 055581 sbos ST cp el o Kia sl Just X

QOTYAY) S 2y oDl 35T ol&sls 0l 013 awsuy amale 5 Ol (655 ke paeidige pamsl S j2ina




e T SOl ol o 5 (pletl sy pbteasinio A

31. Razavi Tousi, S.S., Yazdanirad, R., Salahi, E., Razavi, M., "Effect of milling time and addition of
alumina powder on the structural properties and fracture surface of nanocrystalline Al", Materials
Science-Poland, Vol. 27, No. 3, pp. 875-884, (2009).

32. Kang Y.C., Chan S.L.I, "Tensile properties of nanometric AI203 particulate-reinforced aluminum
matrix composites”, Materials Chemistry and Physics, Vol. 85, pp. 438443, (2004).

33. Cheng, S., Ma, E., Wang, Y.M., Kecskes, L.J., Youssef, K.M., Koch, C.C., Trociewitz, U.P., Han,
K., "Tensile properties of in situ consolidated nanocrystalline Cu", Acta. Materialia, Vol 53, pp.
1521-1533, (2005).

34. Wang, Z.B., Tao, N.R,, Li S., Wang, W., Liu, G., Lu, J,, "Effect of surface nanocrystallization on

friction and wear properties in low carbon steel”, Materials Science and Engineering A, Vol. 352,
pp.144-149, (2003).




’T"?Z4u§ajl.«..i4/,:é4¢,mfdb Sse g sis o pwlige Gay i

*XT0 g9 b 35 JES1 SdgI 3Y g5 30 Sl Sbed 5 p 5 3395 S pitio Wb 2 wyy

) . - My = . a. ) = .
v NLAV»,\:M Aoy 97 ) D sRen WP ;M

Sl el pxi s ﬂ:ﬂ,;f lasss Sl ol o ol sl opend 00 ( SilSogo i 0l8 K o e (slales
ol el 0l eolized APLXTO 5Y 5 Sl po 7 Clilos o il e (sloles pni (ol oSilee (cloOles S ol oo 4o il
slalos 5)ls Ol 4o cdd sl (slaaSKis 5 ks IS i) JLis 0 5y ehd bpbst 5 (shod i (slas )5 5 ol Jlssls 0Y s
e Sl ize SIS o o IT 5 it pnd 5 7 (Sl peOle Ol 5 S Ol s G Jolid JSCE s ilsie Lol 3
Lo 25 208 8] b Tog o isls DL gl ks ooy 57he 5V Sl (To) 5o ol #585 pde ilims (slos sy S
ol ol steglin . Csl 2alS il padlen Slas 210 U Tow sl G5l Al on Sl ) S /) ST LS 2 el
gt Ctillo (golias Ol calio SY4s o f@[dj[d&a.’/) 5 e slaabl), orbo] Cavirts_pilés b Sl (sl gy )

g eslial 5Y5d ) LS5 O g s Al o Joolm el (Sloools 35S T b n g polde ) o

APIXT0 ) Lot 5Y 35 o 8 oy Osm5] adme 55ks ¢85 pde slos (¢ S S s (SolS” (S0 519

Experimental Study of the Effect of Hot Rolling Parameterson Critical Temperaturesfor
API X70 Pipeline Steel

M. Nakhaei M. Rakhshkhorshid S. H. Hashemi

Abstract

The critical temperatures of a thermomechanical process have a great importance for the final
microstructure and mechanical properties of high strength low alloy steels. In this study, the average
scheduling was used to determine the critical temperatures of API X70 steel. This steel is extensively used
in Iran for large diameter, high-pressure gas transportation pipelines as well as the oil transmission
networks. The critical temperaturesin various conditions including different strains, strain rates (from
0.1 to 1 s?!) androlling interpasstimeswere determined and the effects of these parameterson no-
recrystallization critical temperature (T,r) was investigated. The results showed that T, decreased with
anincreasein the strain and strain rate. In addition, it was observed that T, increased with a decrease in
the interpass time. A good agreement was found between the results of this research with those of
existing empirical relations and those of similar steel. With regard to the lack of experimental data, the
results obtained in the present study can be used for production of APl X70 stedl in Iran.

Key Word Hot ddeformation, No-recrystallization temperature, Hot torsion test, API X70 Pipeline steel.
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The Effect of Mn Addition on Oxidation Resistance of Ti-48Al Synthesized by
Mechanical Alloying

H. Karimi A. Zare M. Hadi M. Sadeghi A. Ghasemi

Abstract

Titanium aluminide and its alloys have been utilized in automotive, aerospace and power industries
because of their specific properties such as low density (~4 g/cm?), high melting temperature (~ 1460 °C)
and excellent high-temperature strength. Ti-48Al intermetallic compound and its alloys with 1.5, 3 and 5
at.%Mn were produced with mechanical alloying of elemental powders for 50 hours. The process of
mechanical alloying was carried out in a planetary ball mill machine with WC cups and balls under inert
atmosphere of argon. To obtain bulk samples, the mechanically alloyed powders were cold pressed with
the load of 40 ton and then heat treated at 1050 °C under argon atmosphere in an electrical furnace with
quartz tubes. The X-ray diffraction analysis showed that the addition of manganese to Ti-48Al during
mechanical alloying causes no formation of a new phase in titanium aluminide system. Scanning electron
microscopy observations on the surface of sintered bulk samples revealed that boundaries between
powder particles have been well formed at 1050 °C. The results of hardness tests showed that the
addition of Mn up to 5 at.% increases the hardness value of Ti-48Al compound (~22.1 HRC) to ~ 40.7
HRC. Evaluation of oxidation behavior showed that oxidation resistance of Ti-48Al-5Mn alloy is dightly
smaller (~0.015 g) than that of Ti-48Al. On the contrary to Ti-48Al-5Mn alloy, Ti-48Al compound had a
steady-state oxidation behavior for oxidation periods longer than 14000 seconds. Scanning electron
microscopy images and the results of energy dispersive spectroscopy showed that the lower oxidation
resistance of Ti-48Al-5Mn compared to that of Ti-48Al is related to the formation of rutile at 900 °C on
the oxidized surfaces of Ti-48Al-5Mn.

Key Word Amorphous, Alloy Titanium Aluminide, Porosity, Alumina, Rutile.
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Experimental study of the effect of hot
rolling parameters on thecritical
temperatures of API X70 pipeline steel

M. Nakhaeil, M. Rakhshkhorshid?, S. H. Hashemi®

1- Introduction

The critical temperatures of thermo-mechanical
process have significant effects on the final
microstructure and mechanical properties of high
strength low alloy steels. In this study, the average
scheduling was used to determine the critical
temperatures of API X70 steel. This steel is imported
from abroad and is extensively used in Iran for large
diameter, high-pressure gas transportation pipelines
and for oil transmission networks.

The critical temperatures in various conditions,
including different strains, strain rates (from 0.1 to 1)
and rolling interpass times were determined and the
effect of these parameters on no-recrystallization
critical temperature (Ty) was investigated. The results
showed that T, decreased with increasing the strain
and strain rate. Also, it was observed that T, increases
with the decrease in inter-pass time. By comparing the
results of this research with the results from existing
empirical relations and those from similar steel in the
only reference available, good agreement was found.
With regard to the lack of experimental data, the
obtained results can be used for local production of
API X70 steel.

2- Materialsand Methods
The chemical composition of tested API X70 pipeline

steel is presented in Table 1.
Table 1: The chemical composition
(Wt%) of API X70 steel.
C Mn Si P S Al Nb
0.05 | 1.5 0.2 0.008 | 0.015 | 0.03 | 0.05
Cu Mo Ti Ni Cr \%
0.01 | 0.24 | 0.018 | 0.187 | 0.01 0.04

The average schedule hot torsion tests were
conducted on a servo-hydraulic computer-controlled
MTS machine equipped with a radiant furnace at the
University of McGill (Canada).

The average scheduling, performed to study of the
effect of hot rolling parameters on the critical

temperatures of tested steel is shown in Fig. 1.

The experimental tests designed to investigate the
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effects of strain, strain rate and inter-pass time on no-
recrystallization critical temperature (Tnr) are

presented in Table 2.

1200 °C. 20 min

#1.1150°C

Temperature

#21,550°C \

Time

Fig 1. The average scheduling performed in this research

Table 2: Hot torsion tests conducted in thisresearch.

o ar (s ( At (Inter-
a( ’_I‘h_e The strain pass time)
Test No. strain in .
rate in each
each pass)
pass)

1 0.2 1 30
2 0.2 0.1 30
3 0.2 1 60
4 0.5 1 30

The effects of strain (No. 1 and No. 4), strain rate
(tests No. 1 and No. 2) and inter-pass time (tests No. 1
and No. 3) on the critical temperatures can be
investigated by comparing the associated results from
Table 2, respectively.

2- Resultsand discussion

3.1. The effects of the strain

To investigate the effect of the strain on the critical
temperature, the result of the average schedule tests,
conducted with two strains of 0.2 and 0.5 (see Fig 2.)
were analyzed.

As depicted in Fig. 2 the mean flow stress (MFS)
versus inverse absolute temperature analysis was used
to obtain the no-recrystallization temperature (Tyr). As
can be seen, Ty can be found from the change in the
slope of MFS versus inverse absolute temperature
diagram. As demonstrated in this Figure, the Ty
decreased with the increase in strain.

300
250 e=02 &=0.5
200

150

100

Mean Flow Stress (MPa)

6 0.7 0.8 0y 1 1.1
1000/T
Fig 2. The mean flow stress (MFS) vs. inver se absolute

temperature plots for the average schedules with two strains of
0.2and 0.5
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3.2. The effects of the strain rate
By comparing the results of tests No. 1 and No. 2 (see
Fig 3.), it can be observed that the T, increased with
the increase in the strain rate.

300

Mean Flow Stress (MPa)

0.6 0.7 0.8 0.9 1 1.1
1000/ T

Fig 3. The mean flow stress (MFS) vs. inver se absolute
temperature plotsfor thetestsNo. 1 and 1 and No. 2.

3.3. The effects of the inter-pass time

By comparing the results of tests No. 1 and No. 3 (see
Fig 4.), it can be observed that lowering the inter-pass
time led to the increase in Th.

300

Mean Flow Stress (MPa)
5

0.6 0.7 0.5 0.9 1 1.1
1000/T (K1)

5- Conclusion

In this research the effects of hot rolling parameters
including the strain, strain rate and inter-pass time on
the critical temperatures of API X70 pipeline were
investigated using hot torsion testing. The average
scheduling and the mean flow stress (MFS) versus
inverse absolute temperature analysis were used for
this purpose. The results can be summarized as
follows:
1. It was observed that the T, decreased with the
increase in strain.
2. It was observed that the Ty increased with the
increase in the strain rate from 0.1 to 1s™..
3. It was observed that Ty, increased with the decrease
in the inter-pass time.
4. The obtained critical temperatures were compared
with existing empirical relations and good agreement
was found.
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Microstructural and Mechanical
Characterization of Nanostructured
Al12024 Alloy and Nanostructured Al2024
Based Composite

A. Abdollahi! A. Alizadeh,?

1- Introduction

Wrought aluminum alloys have long being used as
a matrix alloy in producing metal based composites.
The main cause of this is the low density of
aluminum. Most wrought aluminum alloys are
appropriate for extrusion and most discontinuously
reinforced aluminum composites are produced in this
way. 2xxx and 7xxx series alloys are among the best
aluminum alloys for producing aluminum based
composites since they are heat treatable.

Nanostructured aluminum alloy based matrix
composites have gained considerable interest due to
their excellent properties (i.e., high strength, low
density, and good corrosion resistance), and their
technical and economical ease of manufacturing.

Among ceramic particles B4C is an appropriate
reinforcing material for producing aluminum based
composites due to its high melting point (2450° C),
high modulus (445GPa), good thermal stability good
hardness (B4C is the third hardest material after
diamond and cubic boron nitride (CBN)), high wear
and impact resistance, high chemical resistance and
low density (2.51 g/cm?).

Al-B4C composites are produced by two different
methods: solid state methods (such as mechanical
milling and powder metallurgy) and molten methods
(such as stir casting). Generally, solid state methods
are usually used to produce particle composites with
high mechanical properties since these methods
provide a uniform distribution of secondary phase
particles in the matrix. Therefore, composites
produced by these methods are isotropic. In addition,
as the temperature used in these methods is much less
than that of molten methods, undesirable interfacial
interactions between the matrix and reinforcement
that usually leads to loss of mechanical properties,
are avoided and the segregation of reinforcement
particles is minimized.

2- Experimental

In this research, Al2024 powder, atomized by
Argon gas, with an average particle size of 60 um,
was used as the matrix. 5 wt%B4C powder, with
average particle size of 20 um was also used as
reinforcement. An attrition mill equipped with water
cooling system was used for mechanical milling

Ph.D. Student Materials &
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Technology, Tehran, Iran
Email: alirezaabdollahil366@gmail.com

2 Materials & Manufacturing Processes, Malek-e-Ashtar
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process and producing Al2024-5 %wt.BsC
composite powder.

In order to study the effect of boron carbide on
microstructure and mechanical properties,
unreinforced Al2024 aluminum alloy powder was
milled for 50 h under the same conditions. X-ray
diffraction and Williamson—Hall method were used
to study the effect of mechanical milling process on
the grain size of matrix alloy and the amount of
lattice strain.

After mechanical milling the powders were hot
pressed into a cylinder mold at 100° C. Then, the hot
pressed powders were exposed to hot extrusion at
570° C with extrusion ratio of 10:1.

The microstructure of extruded samples was
studied parallel and perpendicular to extrusion
direction by Scanning electron  microscopy
(TESCAN XMU VEGA-II). To compare the
mechanical properties of the samples, tension,
compression and hardness tests were applied. The
samples of tension test were provided according to
ASTM: B557 and the test was performed at room
temperature at a speed of 1 mm/min. In order to
determine the fracture mode of the samples, the cross
section fracture was examined by SEM after the
tension test. The compression test was also
performed at room temperature at a displacement rate
of 1 mm/min. The samples used for compression test
were produced with 1/4 length-to-diameter ratio. The
hardness of the samples was measured by Brinell
hardness test with ball diameter of 2.5 mm and 30 kg
force.

3- Resultsand Discussion

X-ray diffraction patterns of unmilled and
mechanically milled powders are shown in Figure 1. As
seen in this Figure, after addition of boron carbide particles
and 50 hours of mechanical milling, peaks are broadened
and peak heights are decreased, as a result of grain
refinement and an increase in internal strain due to
mechanical milling. To determine the lattice strain and
powder grain size Williamson—Hall equation was
employed. As expected, sever plastic deformation (SPD) of
powder particles during mechanical milling process
reduced the size of aluminum matrix grains to less than 100
nm (Table 1).

& Aluminum

Lunmilled Al powder
L.mechanically milled Al powder
3.mechanically milled Al-BAC powder

Intensity, a.u.

20, degree
Fig. 1: X-ray diffraction patterns of unmilled and mechanically
milled powders
Figure 2 shows the SEM micrograph of hot extruded
samples. In this Figure, dark points refer to B4sC
particles. White points in SEM images are Cu rich
phases. These phases are probably AlLCuMg
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intermetallic compounds which are formed and
precipitated because Al2024 is first exposed to high
temperature (during extrusion process) and then
cooled in the air (after extrusion die exit). In fact,
these compounds which are called S' precipitates are
formed during age-hardening heat treatment
(precipitation hardening). In other words, matrix
alloy, because of being exposed to high temperature
(570°C) during extrusion process and then being
cooled to room temperature (in the air), has been age
hardened (or precipitation hardened).

Table1: Grain size and lattice strain of powder samples

Sample name Grain size Lattice strain
(nm) (%)
Unmilled Al powder 107 0.012
Mechanically milled Al powder 48 0.0241
Mechanically milled Al-B,C 31 0.026
powder

Davama i3 v e "9 wall
Fig. 2. SEM micrograph of hot extruded samples: (a)
unreinfor ced Al2024 alloy, (b) nanostructured Al2024 and (c
Al-B4C nanocomposite

The engineering stress—strain curves of the samples
are compared with each other in Figure 3. As it is
shown, Al-B4C nanocomposite has the highest
strength and hardness, but its elongation is the least.
In contrast, unreinforced Al 2024 alloy has the
highest elongation and the least strength.
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Figure 3: (a) Tensileand (b) compression engineering stress—
strain curves of the hot extruded samples

The results of mechanical tests show that mechanical
milling and presence of B4C particles increase the
strength and hardness of Al2024 alloy, but decrease
its ductility severely. The reason is the increase of
barriers across dislocations movement which limits

their movement (according to Hall-Petch and
Orowan mechanisms).

Figure 4 shows fracture surface of unreinforced
Al2024 alloy, nanostructured Al2024 and Al-B4C
nanocomposite after tensile test. By comparing the
fracture surfaces of milled samples and unreinforced
alloy it could be found that samples fracture mode is
totally different. The fracture surfaces indicate that
the fracture in nanostructured Al2024 and Al-B4C
nanocomposite occurred in a complete brittle
manner.

o]

Fig. 4: Fracture surface of the: (a) unreinforced Al2024 alloy,
(b) nanostructured Al2024 and (c Al-B4C nanocomposite

One very important point about fracture surface of

Al-B4C nanocomposite sample that must be noted is
that in Figure 4c, no boron carbide is observed. In

other words, debonding between particle and matrix
in Al-B4C nanocomposite sample has not occurred

because of loading. This indicates that bonding
between particle/matrix in composites produced by
mechanical milling is very strong. It does not fracture

simply. In other words, the interface between particle
and matrix has a good metallurgical quality (has no
crack or inclusion) and load transformation from

matrix to particle occurs simply and fast

4- Conclusion

Sever plastic deformation of powder particles during

mechanical milling decreases the crystal size of the
"“matrix to nanometer, so that base grain size decreases
to lower than 100nm. The results of mechanical tests
show that mechanical milling and presence of B4C
particles increase the strength and hardness of
:A12024 alloy, but decrease its ductility severely. The
reason is due to the the increase of barriers across
dislocations movement which limits their movement.
The fracture surface of unreinforced Al2024 alloy
sample indicates the features of ductile fracture in
comparison to NC Al and Al-B4C nanocomposite.
This shows that the fracture in nanostructured
AlI2024 and Al-B4C nanocomposite occurred in a
complete brittle manner.
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The Study of Combustion synthesis,
Microstructure and Mechanical Properties of
In Situ Composite Produced In Al-V20s
System

M. Ashnagar'* A.R Mashreghi? M. Kalantar®

1- Introduction

In the advanced industries, the need to produce parts
with high strength and abrasion resistance, yet with
light weight and flexible, is an increasing tendency for
making advanced materials, particularly composites.
This is because a single material alone generally
cannot provide all engineering needs. Composites
produced by in situ are new categories of composite
materials that are suitable for advanced applications
and wear. In situ composites compared with non-in
situ composites have attractive advantages that
include:

1. The thermodynamic stability of reinforcements,
which resulted in the less loss of mechanical
properties at elevated temperatures.

2. A Clean interface of matrix and reinforcement that
improved interface strength.

3. The uniform dispersion of fine reinforcement
particles leading to top mechanical properties of
the composite.

Newly the aluminothermic combustion synthesis for
production of composites and aluminide-alumina
alloys developed. The basis of this method is an
exothermic reaction that leads to in-situ solid metal-
ceramic particles (less than one micron) in the
aluminide matrix. This method is used and studied by
other researchers for manufacturing in-situ
composites, such as Al-TiO,, Al-TiO,-C, Al-ZrO,, Al-
ZrO»-B and Al-ZrO»-C.

In the present study, due to advantages such as the
clean interface and free of contaminants of in situ
composites and also low density and resistance to
creep and wear at elevated temperatures, to produce
intermetallic precipitates aluminum and vanadium and
phase ceramic Al,Os3 production of in situ composites
ALV / Al,O3 in Al-V,0s system was studied by using
the aluminothermic combustion synthesis.

2- Experimental

For the synthesis of ALV / AlLO; composite,
powders of Al (with 99.5 percent purity and average
particle size 45um) and V,0s (with 99.2 percent purity
and average particle size 120um) were used as raw
materials. In order to create an activated and
homogeneous mixture, Al and V,0s powders with
molar ratio of 28: 3 (in accordance with Equation 1) in
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the planetary ball mill (Model Pulverisette Fritsch 6)
was milling with the container and balls of steel, under
argon atmosphere with duration of one hour.

Weight ratio of Ball to powder was considered 4:
1 having a rotational speed of 250 rpm. Due to former
studies, milling parameters were selected in such a
way that prevented the combustion reaction in
container, in order to investigate the effect of
temperature at different stages of the composite
formation. Mixed powder was compacted under the
pressure of 500 MPa to make cylindrical samples with
a diameter of 10 and a thickness of 5 mm.
28Al +3V,05 = 6A13V + 5A1,05 (1)

To study the transformation temperatures and
predict the reactions temperature, thermal analysis
was done by using BAHR Thermoanalyse apparatus
(STA 504) from ambient temperature to a temperature
of 1100 °C, under argon atmosphere and heating rate
of 10 °C/min on a sample with 10 mg weight.
Cylindrical samples after cold press were heated in a
tube furnace under an argon atmosphere and heating
rate 10 °C/min to a temperature between the
temperature range of 650 °C to 1000 °C and were held
at that temperature for 10 minutes.

Phase transformation after heating the samples at
different temperatures were studied by using X-ray
diffraction (Philips PW-3040) equipped with light-
producing Cu-ka and the accelerating voltage was 40
kV. Microstructure was studied by using a scanning
electron microscopy (VEGA \\ TESCAN ) with
energy resolution analyzer (EDS).

3. Resultsand Discussion

Differential thermal analysis (DTA) curve of raw
sample that was heated to 1100 °C under argon
atmosphere is shown in Figure 1. In this curve two
endothermic peaks and three exothermic peaks can be
seen. Due to the fact that the combustion reaction did
not occur at milling time it can be expected that the
powder mixture is at activated state. There are two
endothermic peaks in 656 °C and 728 °C temperatures
and three exothermic peaks in 569 °C, 770 °C and 863
°C temperatures in this curve. Three exothermic peaks
indicated the various reactions and the formation of
intermediate and transitional phases and compounds

during the composite structural changes.

T 863 C*
et N
|

\ TT0C* I
IIJJ' "\. ° j.f \

\ p
/ \ | 8
\

DTA [uV]

/ ' Il"l ‘|

656 C*

00
oyl 4 a0

Fig. 1 Thermal analysis curves
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Figure 2 shows X-ray diffraction pattern of the
sample that was heated at 900 °C. In this figure, there
are not peaks of aluminum and vanadium oxides with
lower capacity, so this subject indicates completion of
the reduction reaction of vanadium oxides by
aluminum and consumption of these phases. In this
pattern, also there are not peaks of y-Al,O3, so phase
transition y-AL,Oj is fully taken into a-Al,Os.

At Figure 2. also the relative intensity of ALV
phase has increased. At this stage, AlsV phase, by
reduction of vanadium atom with the remaining
aluminum is formed. Thus, the third exothermic peak
of thermal analysis curve formed from two overlap
peaks is related to the following reactions:

2A1 +3V,05= a-ALOs+ 6V )
3 Al+ V= ALV 3)
= ° v a-ALD,
o ALV
+ ALV,
oV
e
g "
0w I 3 e 1 $‘|.
-] Tl | , o 0
T | | IJe M1 8 1%
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Fig. 2. XRD pattern of heated sample at 900 °C

With accordance to whatever has been observed in
the pattern of diffraction, there are peaks of V-phase
in products. Existence of this phase also confirmed
happening of reaction 2.

Microstructural study:

Figure 3. shows a microscopic image taken with
SEM from the composite structure of a sample that
was heated at 1000 °C. As can see in this figure,
composite microstructure is composed of three
regions of black, gray and white, which confirmed
existing of three phases in the structure.

According to the results of EDS analysis, dark
areas for a-Al,Oj3 particles is put together. The EDS
analysis of gray areas with percent of vanadium are
less than white area in Al3V and white areas will be
AlgVs. Thin areas of white can be seen in the image of
this temperature. These areas are performed due to less
distances penetration of V, so ALV is completely
transformed to AlgVs.

4-Conclusion

1-Study of Thermal analysis and X-ray diffraction
shows that production of in situ composites A3V /
Al,O3 by Aluminothermic Combustion synthesis
which is a step by step process. Vanadium oxides
V,04 and V,0s3 are formed as the main intermediate
phase and two phases y- AlLOs; and Al;Vy as
transitional phases.

2- With increasing of temperature transition phase of
v-ALLOs fully converted to a-Al,O3 and due to the
reaction of vanadium remaining in the interface of
AlzVand a-AlL,Os, AlsVs phase occurs in a layer
around Al3V phase.

3- Hardness and strength of samples are increased
with increasing temperature due to the more
volume fraction of intermetallic compounds and
ceramic, but seeking to increase the amount of
brittle phase AlgVs, samples shows less
deformation.
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Fig. 3. SEM image and EDS analysis of sémple heated
at 1000 °C
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A Model for Estimation of Toughness and
Strength Based on Pull-out M echanism of
M 23Cs Particlesin Matrix of 1.2542 Tool Steel

S. E. Vahdat!

S. Nategh?  Sh. Mirdamady?

1- Introduction

High-performance steels have high strength,
hardness, abrasion resistance and toughness along
with reasonable price. In general, hardness and
strength are almost inversely related to toughness and
this limits the application of steels. In order to
overcome this problem, engineers have started to
produce composites with hard and abrasion resistant
reinforcements. Factors such as adequate strength for
the interface between reinforcement and matrix have
challenged successful production of this type of
material. Furthermore, the uniformity of properties in
these materials is a requirement for using very fine
reinforcements that are almost finer than one micron
and are highly dispersed, which leads to problems like
agglomeration of reinforcement. Similar to the
behavior of composites, scanning electron microscopy
(SEM) images of debonding M»3;Cs particles from
matrix of 45WCrV7 and AISI D2 steels, and that of
breaking down M;C;3 particles have been observed.

Using methods that are utilized for calculating
strength and toughness of composites, the trial and
error rate was reduced in experimental production and
design of these types of materials. Many models have
been presented for estimating the strength and
toughness of composites with metal matrix and
particle reinforcement. For instance, for the composite
with aluminum matrix reinforced with 10 and 20%
volume of alumina in similar conditions, fracture
toughness has been reported to be in proportion to
distance between the particles. In other words, in a
particular composite with similar interface in which
volume fraction of particles is constant, the finer the
particles are, the less the distance between the particles
would be; so, fracture toughness ratio would be
reduced. Nardone and Prewo estimated the strength of
composites with particle reinforcement by proposing
an improved shear-lag model9. Shen et al. used finite
element methods for composites with particle
reinforcement to demonstrate that particle form had no
significant impact on its tensile strength. They
indicated that, in a composite with aluminum matrix
(3.5% age hardened copper containing 20% volume of
reinforcement) in similar conditions, strength
decreased with cylindrical, spherical, defective
cylindrical and two truncated cones, respectively. In
Hahn and Rosenfield's model, fracture toughness was
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directly related to size of particles, Young's modulus
and yield strength of composite and inverse
relationship with volume percent of particles. In
Garrett and Knott's model, fracture toughness is
directly related to work hardening, Young's modulus
and yield strength of composite.

The above-mentioned models are not based on
microstructure; i.e. these models have ignored the
effect of particles’ population density and interface
strength on load transfer. Therefore, interface strength
between reinforcement particles and matrix and also
effective surface of debonding particles were the
research variables in the present work. By determining
the interface strength of reinforcement with matrix in
certain operating conditions and controlling
population density, size and content of reinforcement,
desirable toughness and strength could be designed
in.The focus of this study was to study the interface
strength of reinforcement of M»3Cs particles in matrix
of 1.2542 tool steel such that this method could be
generalized. Moreover, in case the debonding
mechanism is active, how much would be the effect of
this mechanism in increasing strength and tensile
toughness?

2- Experimental work

To present a model for strength and tensile
toughness of the composites with particle
reinforcement in which debonding mechanism is
dominant (Figure 1.), if particles are broken down, the
maximum effective surface will exceed the particle's
diameter, which is equal to the circle area in spherical
particles (Figure 1(a)). According to Figure 1(b), if
particles are debonding of the matrix (without being
broken down), the effective surface of the particle will
be equal to its perimeter, and equal with to the surface
of the sphere in spherical particles. When the
debonding mechanism is dominant, the effective
surface of particles increases for strengthening
because circle area (zr°) of each spherical particle is
smaller than its sphere surface (47r?).

—_c—
(@)
=3
force

Interface
e —
— o —
matrix
)
— [=—p-1
force
e —

Fig. 1. Effective surfacefor strengthening (a) when particles
are broken down (b) when particles are debonding
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calculate the interface strength of reinforcement of
My3Cs particles in the matrix of steel. Accordingly,
presenting a model for designing toughness and
strength of 1.2542 tool steel in impact loading
conditions is important in practical terms. To calculate
interface strength, 9 sets of specimens, each of which
included three specimens, were used for providing
sufficient data for desirable conclusion and discussion.
In order to determine microstructure characteristics,
cylindrical specimens were 12 mm in diameter and 15
mm in length. TESCAN MIRA II device with EDS
was used to obtain and analyze SEM images. In
addition, OLYSIA m3 metallographic software which
was calibrated for 2048x1536 pixels was utilized.In
accordance with BS EN 10002-1 standard, specimens
of tensile test were prepared in dumbbell shape with
diameter (d) of 5 mm, initial base length (L) of 25 mm
and total length (L) of 15 cm. Tensile test was
performed at a strain rate of 0.00166 s™.

Results and Discussion

Figure 2 shows SEM images of the composition,
morphology and size of carbides. Figure 3. shows
SEM image of the necking area of specimen 482 using
secondary electron gun. It shows the pull-out of
carbide of 0.96 um in diameter that produced micro-
voids during tensile test because of carbide pull-out.

™

¥ 4

Fig. 3: SEM image of the necking area of specimen 482,
x20000, after ultrasonic cleaning

The effect of debonding mechanism of Ma3Ce
particles in matrix of 1.2542 tool steel on increasing
tensile toughness, was calculated, which was
negligible since particle reinforcements had small
effective surface for tensile toughness (PDx4nr?x2mr)
whereas fiber reinforcements had much larger
effective surface for  tensile toughness

(PDx2mrL/2%xL/2). For example, in equal conditions,
if fiber length was at least 300 times that of fiber radius
(L=300xr), then the effective surface for tensile
toughness would be 1800 (=300%16m). However, the
effect of debonding mechanism of M»3Cs particles in
matrix of 1.2542 tool steel on increasing strength,
would be 9.3%, which was considerable.This issue
provided the field for debonding particles i.e. it was in
agreement with the initial assumption that was
governing condition of Figure 1(b). On the other hand,
interface strength was being reduced. Because the size
of M,3Cs particles became larger, and larger particles
decreased coherency of interface which reduced the
strength of the interface. The effect of debonding
mechanism on increasing strength was the same
(9.3%) for all the specimens since all of them had
almost equal strength. In the studied steel, debonding
mechanism of the reinforcement particles had a
negligible effect (0.003 to 0.007%) on increasing
tensile toughness; this effect was considerable in the
case of tensile strength (9.3%).The amount of
secondary carbide constantly increased. Thus, the
matrix metal around the carbide had poor carbon and
alloying elements. Accordingly, the matrix which was
poor in carbon and alloying elements could have an
effective role in increasing tensile toughness.

For strength, the above findings were confirmed in
Figure 4. Strength of metal matrix is almost constant.
Therefore, strengthening of debonding mechanism
had a significant effect on the strength of composite.
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Figure 4: Comparing debonding surface, matrix strength and
interface strength for 9 different specimens

5- Conclusion

In this study, a method was proposed for designing
tensile toughness and strength of composites based on
reinforcement debonding mechanism. In this method,
simultaneous increase of tensile strength and tensile
toughness occurred when interface strength was less
than matrix strength and reinforcement strength. This
method was utilized for 9 specimen sets of 1.2542 tool
steel with particle reinforcement. Considering mean
diameter of spherical particles, it could be concluded
that:1- Debonding mechanism had a negligible effect
on increasing tensile toughness of composite with
particle reinforcement.2- Debonding mechanism had
a considerable effect on increasing tensile strength of
composite with particle reinforcement.
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Evaluating the microstructure and
mechanical propertiesof dissimilar welding
Between A240-TP. 316 and A387-Gr. 11
steels

S. H. Mirkarimi! Khalil Ranjbar? R. Dehmollaei®

1- Introduction

Dissimilar metal joints between low alloy chromium-
molybdenum ferritic steels and austenitic stainless
steels are widely used in industries like power
generation and petrochemical plants. Dissimilar
welds between stainless steels and low aloy steels
include a few metallurgical phenomena, across the
interface between weld metal and ferritic steel. The
most important phenomenon in this type of joints is
carbon migration from ferritic steel into weld metal,
creating a carbon depleted zone. Thiszoneinthe HAZ
of low alloy steel is susceptibleto creep failure. There
also exists a transition zone or so- called partialy
mixed zone in the weldment of these joints, where
mixing between the base metal and the filler metal is
incomplete. The other microstructural feature seen in
the weldment, is the appearance of type Il boundary,
found parallel to thefusion line. These microstructural
features frequently appear in the dissimilar joint of
austenitic stainless steel and low alloy ferittic steel.
These features are considered very important since
they could result in many failures. So, in this study,
dissimilar welding between A387-Gr. 11 low aloy
steel and A240-Gr. 316 stainless steel was performed
by GTAW using two different types of stainless steel
and Ni based filler metals at constant and pulsed
currents. Then, the resultant microstructural features
were evaluated and correlated to mechanica
properties.

2- Experimental work

In this study, A387-Gr. 11 low aloy steel in
normalized and tempered conditions, and A240-Gr.
316 stainless steel in anneal ed conditionswerewelded
by GTAW method. Two filer metalsi.e. ER309L and
ERCrNi-3 were used. The welding parameters are
presented in Table 1. After welding, all the samples
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were inspected by radiography test. To evaluate joint
properties, microstructural features were examined by
optical and scanning electron microscopes (SEM). The
samples used for tensile and impact tests were prepared
according to ASTM A370.

Table 1: Welding Parameters 3 Results and Discussion
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The microstructure of A240-Gr. 316 isshown in Figure
lawhich isfully austenite with some ferrite strings drawn
in direction of rolling. The microstructure of A387- Gr. 11
stedl consists of ferrite and bainite shown in Figure 1b. The
former base meta revealed a smaller HAZ due to its low
coefficient of thermal conductivity. Carbon depleted zone
(CDZ) in samples welded by constant and pulsed current
with ER309L filler metal is shown in Figures 2a and 2b,
respectively. Asshown in the Figure, the width of thiszone
is narrower when using pulsed current. While using Ni-
based filler metal, the width of CDZ is negligible (Figure
3.). This could be due to the lower tendency of carbon
diffusion into weld metal in the Ni-based filler metal.
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10um EMT = 20.00%v
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(b)
Fig. 1. Microstructur e of a) 316 steelsand b) low alloy
steel



S H. Mirkarimi, Khalil Ranjbar, R. Dehmollaei

EMT = 2000 WV -
wos 24mm ZoneMag= 1KX pomAisEl

am
iy

(b)

Fig. 2. CDZ in HAZ of low alloy steel in welded
samples with ER309L a) by constant current, b)
by pulsed current.

s -
Fig. 3. HAZ of low alloy steel in welded sample by
Ni-basefiller metal

Fig. 4. Transition zone in welded sample with
ER309L filler metal a) by constant current, b) by
pulsed current.

The result of hardness profile tested across the

welding interface of ferritic steel and weldment is

shown in Figureb. The hardness variations for different
fillers and currentsfollowed the same manner. Inthe HAZ,
the temperature rises to austenite region, and new phases
of martensite, bainite or widmenstaten ferrite may form
while cooling down. The hardness decreasesin the CDZ at
the fusion line. The increase in the hardness immediately
after fusion lineis considered to be due to the formation of
narrow transition zone. This is because pulsed current
reduced the compositional gradient, transition zone and
also reduced the size of dendrites, thereby leading to better
impact results.
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300 —o— ERNiCr-3
—e— ERNiCr-3
200
100
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Fig.5. Micro hardnessvariations across weld inter face.

The microstructural features at the interface of the base
metal and the filler ER309L using constant and pulsed
currents are shown in Figures 4a and 4b, respectively. Itis
clear that, the width of the transition zone in latter case is
reduced. A similar result was obtained for the Ni-basefiller
metal. A type |l boundary separating transition zone from
the weld metal appeared between the ferritic base metal
and ER309L filler meta basicaly due to their
compositional difference and gradient, and as well as
differencein crystal structures.

4- Conclusion

1- Different microstructural features such as CDZ,
transition zone and type Il boundary were obtained in the
dissimilar GTAW of A387-Gr. 11 low alloy steel to A240-
Gr. 316 stainless steel. A CDZ was noticed adjacent to the
weld interfacein HAZ of low alloy steel.

2- Using pulsed current GTAW, intense mixing decreased
the chemical composition gradient and consequently width
of transition zone, leading to better impact resistance.

3- The hardness profile of welding showed considerable
variations resulting from microstructural changes across
the interface of the joint. Hardness reduced to a minimum
a the CDZ.
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Electrochemical Deposition of Ni/TiN
Nanocomposite Coating by Direct Current

N. Parhizkar! A.Dolati? R. Aghababazadeh®

1- Introduction

Metal matrix nano-composites contain very fine
particles of pure metals, ceramics and organic
materialsin ametal matrix, which are used to improve
the mechanical properties such as hardness and wear
of coatings. Nickel deposition is very popular for
electrodeposition. Ni/SIC composites have been
investigated and commercialized for the protection of
friction parts, combustion engines, and casting molds.
However, the co-deposition of nickel with other
nanoparticles such as Si3N4, TiN and TiC, which are
also good wearable materials and have aconfiguration
similar with SIC, has been reported less. TiN
nanoparticles have €eectricl and thermal
conductivity, and good corrosion resistance.
Meanwhile, TiN possesses high hardness and can be
used as secondary phase to enhance strength and
toughness of metal or ceramics substrate. Therefore,
TiN nanoparticles would have a good prospect of
application as an additive. Theinclusion of nano-sized
particles into metal deposits is dependent on many
process parameters, including particle characteristics
(particle concentration, surface charge, type, shape,
size), electrolyte  composition (electrolyte
concentration, additives, temperature, pH, surfactant
type and concentration), current density (direct
current, pulsed current, pulse time, duty cycle,
potentiostatic control) and hydrodynamics (laminar,
mixed, turbulent regimes) together with electrode
geometry (rotating disk electrode, rotating cylinder
electrode, plate-in-tanks, parallel plate electrodes and
many variations). Electrolyte composition isknown to
be a significant factor affecting the codeposition
process. However, a clear picture of the exact effect
of the experimental parameters is often difficult to
obtain. The majority of recent investigations have
suggested that three global factors can beidentified to
influence the codeposition processes, namely (1) the
applied current density, (2) the particle type and
concentration and (3) bath agitation or electrode
movement.

2- Experimental
In this research Ni and Ni-TiN coatings were
deposited from aWatt’ s bath. The compositions of the
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bath and the experimental operating parameters are
presented in Table 1. Cu plates were used as cathode.
The Cu substrates were mechanically polished with
240, 600, 1000 and 3000 grit silicon carbide papers,
and subsequently rinsed with distilled water and
dipped in acetone. All specimens were etched in acid
solution (50 Vol.% H2S04 + 20 Vol.% HNO3 + 15
Vol.% HCL + 10 Vol.% H20) for 10 sec and then
rinsed with distilled water. The anode was made of
platina. The TiN powder was obtained from Iran
Color Research Center and according to the supplier,
the average particle size of TiN powder was about 40
nm.

Energy dispersive spectroscopy (EDX) analysis was
used to define the chemical composition of coatings.

Table 1. Basic bath composition and electroplating

conditions
composition
NiSO4.6H20 240 (g lit-1)
NiCl4.6H20 40 (g lit-1)
H3BO3 30 (g lit-1)
Temperature 50+2°C
pH 4+0/2

Current density
Stirring rate
TiN particle

1,2,3,4,6 (A dm-2)
300, 450, 600,750 (rpm)
10, 20, 30 (g lit-1)

3- Results and Discussion

In order to study the effect of current density on TiN
content in composite coating, current density was
varied from 0.01 to 0.06 A cm2. The TiN content was
determined by EDS analysis. The results are
demonstrated in Fig 1. The maximum amount of TiN in
the coating was 2.5 Vol.% and it was achieved in a
current density of 0.04 A cm?. At low densities (less
than 0.04 A cm), Ni ions move slowly, leading to a
low flux to the cathode. Near the cathode, the Ni ions
concentration is low and therefore fewer ions can be
adsorbed on TiN particles. Due to that, the Coulomb
force between the cathode and anions adsorbed on the
particles can be weak causing a lower Vol.% of the
codeposited TiN. At high current densities, Ni ions are
transported faster than TiN particlesthat are transported
by mechanical agitation and the Coulomb force, which
should result in alow vol.% of codeposited TiN. More
energy is provided to enhance the convection and
diffusion of nanoparticles by increasing the cathodic
current density, resulting in the increase of the content
of TiN particles in the coating, leading to improvement
in the mechanical properties of the coating. When the
cathodic current density exceeds a certain value (0.04
Acm-2), afurther increase in the current density would
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not affect the mobility of the inert particles, but it
enhances the mobility of ions only. Therefore, the
content of TiN particles in the coating is reduced. In
other words, at high current densities, Ni ions are
transported faster than TiN particles, which should
result in a low vol.% of codeposited TiN. The
occurrence of hydrogen evolution avoids the reduction
in the current efficiency and aso prevents the
adsorption of nanoparticlesto the metal surface.

25

TiN content(®o\V)

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
i(A/an?)

Fig 1. Effect of current density on vol.%
incor poration of TiN in the coating.

The effect of dirring rate on the Vol.% of the
codeposited TiN particulates is shown in Fig 2. The
gtirring rate strongly affects the Vol.% of TiN
nanoparticles, since nanoparticles should be transported
to the cathode surface for codeposition. The Vol.%
increases with stirring rate and reaches a maximum
value at 450 rpm, then it decreases with increasing the
stirring rate. When the tirring rate is lower than 450
rpm, the fluid flow is not capable of transporting all the
particulates to the cathode surface and the codeposition
behavior of TiN particulatesis seemingly controlled by
particulate transfer. When the stirring rate is too high,
the decreasing mode of the weight percentageis mainly
caused by the collision factor. Because of turbulent flow
in abath at ahigh stirring rate, the TiN nanoparticul ates
on the cathode surface are washed away and so the TiN
nanoparticulates percent in composite coating
decreases.

TiN content(® V)

0.5
200 300 400 500 600 700 800

(rpm) J dos fBW 2 e
stirring rate of solution (rpm)

Fig 2. Effect of stirring rate on thevol.% of TiN particulates
incorporation in the coating.

Fig. 3 shows the relationship between the Vol.%
of the codeposited TiN particul ates in the coating and
the concentration of the same particulates in the

electrolyte. According to Fig. 3, the Vol.% of the TIN
nanoparticulates in the composite coating increases
with increasing TiN particulates content in the
electrolyte. The increase in the codeposited TiN
nanoparticulates with increasing TiN particulates
content in the electrolyte can be explained by
Guglielmi’s two-step adsorption model. Therefore, a
higher concentration of TiN particulates in the
electrolyte enhances the adsorption rate, and it results
in a higher weight percentage of the codeposited TiN
nanoparticul ates.
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TiN content (% V)
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Concentration of particlesin solution (g/lit)

Fig 3. Effect of TiN concentration in the bath on the vol.% of
TiN nano particulatesincorporation in the coating.

4- Conclusion

The current density effect on the amount of particlesin
nano-composite coatings of nickel-titanium nitride
wereinvestigated and the optimized current density was
4 A/ dm2. It was also found that with increasing the
current density, the grain size in terms of nickel was
reduced. The effect of electrolyte stirring rate in
composite coatings was evaluated and optimal stirring
rate was 450 rpm. At lower stirring rates, fluid is not
able to deliver dl the particles in the cathode surface
and at higher stirring rates, the particles are around the
cathode surface before being trapped in the coating.
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Calcium Zirconate Synthesis by Ceramic
Method

A. Rezaie!, R. Naghizadeh®*, H.R. Rezaie®

1- Introduction

Cacium zirconate with high melting point
(2340°C) has only stable phase at CaO-ZrO, system
that is used in refractory and catalyst support
applications. Different methods such as ceramic or
solid state, molten salt, wet chemical and combustion
route were used for the synthesis of CaZrOs. In the
solid state route different raw materials such as
calcite and dolomite were mixed with zircon or
zirconia and then they were fired a a high
temperature. The reaction in a powder mixture
initiates at 1000°C and becomes complete at
1300-1600°C depending on powders size and the
presence of mineralizers such as In;Os; and LiNOs.

In this study, industrial grade of calcite, dolomite
and zirconia powders were used for the synthesis of
suitable refractory grade CaZrOs.

2- Experimental procedure:

Calcite (d<73um) and dolomite (d<73um) were
mixed with ZrO, (dsp=5.51 pm) in a ball mill. After
granulation and pressing, samples were fired at
1300-1670°C in a furnace. Then the samples were
characterized from phase analysis and microstructure

aspects.

3- Resultsand Discussion

Figure 1 shows x-ray diffraction (XRD) results of
different samples for which composition and firing
temperatures of each sample were presented in
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Tablel.

According to Fig..1lafter firing all the samples at
1300°C, calcium zirconate was present as a main
phase and different types of ZrO, and MgO (in
dolomite containing compositions) were aso
established as minor phases. With increasing
temperature up to 1670°C, grain growth of CaZrOs;
accrued and suitable particles for application in high
resistance refractory application were obtained. In
different samples calcite and dolomite were
decomposed to CaO and MgO at 750-850 °C and
then high reactive particle of CaO reacted with
zirconia at temperatures above above 1100°C. The
microstructure of samples with codes 7 and 8 with
different established phases are shown in Fig 2.
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Fig. 1. XRD pattern of different samplesin
different temperatures
Table.1. Composition and firing temperatur e of
different samples

MgCa(CO- | % | minture
-ZrOz temperature
VA(®?)
code 2 codel 1300°C
code 4 code 3 1400°C
code6 code5 1500°C
code8 code 7 1670°C
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Fig. 2. Themicrostructure of different samples
after firing at 1670°C a) sample 7, b) sample 8

4- Conclusion

1- CazrO3 was synthesized from mixtures containing
calcite, dolomite and ZrO, at temperatures above
1300°C.

2- In the dolomite containing composition, free MgO
remained due to high reaction of CaO with ZrO..
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