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In This study, in order to evaluation of ductility and consequently the optimum workability
region of novel Ti-3Al-8Mo-7V-3Cr titanium alloy (Ti-3873), the hot tensile tests were
performed at a constant strain rate of 0.1 s and the temperature range of 650-850°C. To
establish the relationship between microstructural evolution and ductility, the
microstructure of the specimen was examined by optical microscopy (OM) and scanning
electron microscopy (SEM) after and before hot deformation. The results showed that
ductility at the temperatures of 650-750°C, increased from 33% to 54% as a consequence of
transformation of a to 8 phases and gradually eliminating the a phase. The maximum
ductility obtained at 850°C with a 71% increase in ductility. Microstructural studies showed
the elongated and serrated boundaries confirmed the occurrence of dynamic recovery.
Recrystallized grains were also observed at 850°C. Therefore, it can demonstrate that the
restoration mechanism of the Ti-3873 alloy during hot tension is dynamic recovery and
partial dynamic recrystallization. Finally, according to tension results, the appropriate range
of deformation deformation of the Ti-3873 alloy in this study is 800-850°C.

Keywords Novel Titanium Alloy, Hot Ductility, Hot Tension, Dynamic Recovery and
Recrystallization.

CITATION LINKS

1- Titanium alloys for aerospace applications. 2- Titanium for automotive applications:
challenges and opportunities in materials and processing. 3- Biomedical applications of
titanium and its alloys. 4- Titanium alloys: Russian aircraft and aerospace applications. 5-
Design of a new multi-element beta titanium alloy based on d-electron method. 6-
Improvement of tensile properties of alloy through chemical composition modification and
thermomechanical process control. 7- Military applications for f titanium alloys. 8-
Thermomechanical processing of beta titanium alloys—an overview. 9- An investigation of
a new near-beta forging process for titanium alloys and its application in aviation
components. 10- The effect of single-step and two-step aging on the microstructure and
mechanical properties of the novel Ti-3Al-8BMo-7V-3Cr alloy. 11- Comparison of the
Microstructure and Mechanical Properties of Ti-3573 and Ti-3873 Alloys after Cold Rolling
and Aging Treatment. 12- Study on the Microstructure and Mechanical Properties of
Dynamic Recrystallization of Metastable (8 Titanium Alloy. 13- Standard test methods for
tension testing of metallic materials. 14- Transformation softening in three titanium alloys.
15- Recrystallization and related annealing phenomena. 16- Mechanical metallurgy. 17-
Flow behavior modeling of IMI834 titanium alloy during hot tensile deformation. 18- Hot
strength and hot ductility of titanium alloys—a challenge for continuous casting process.
19- Automated method for fractographic analysis of shape and size of dimples on fracture
surface of high-strength titanium alloys. 20- Materials selection in mechanical design.

Copyright© 2020, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build upon the material) under the Attribution-

NonCommercial terms.


https://onlinelibrary.wiley.com/doi/abs/10.1002/adem.200310095
https://link.springer.com/article/10.1007/s11837-012-0310-8
https://link.springer.com/article/10.1007/s11837-008-0031-1
https://www.taylorfrancis.com/books/mono/10.1201/9781420037678/titanium-alloys-valentin-moiseyev
https://link.springer.com/chapter/10.1007/978-3-319-72526-0_36
https://link.springer.com/article/10.1361/105994905X75457
https://www.sciencedirect.com/science/article/pii/S0921509397007831
https://www.sciencedirect.com/science/article/abs/pii/S0921509304012675
https://fsct.modares.ac.ir/article-15-63515-fa.pdf
https://www.scientific.net/MSF.1026.3
https://www.scientific.net/MSF.1064.177
https://www.sciencedirect.com/science/article/abs/pii/S0264127516313387
https://books.google.de/books?hl=en&lr=&id=Kt11V4m2bqEC&oi=fnd&pg=PP1&dq=Humphreys+FJ,+Hatherly+M.+Recrystallization+and+related+annealing+phenomena.+Elsevier%3B+2012+Dec+2.&ots=RsuRNgpnvv&sig=S23Tgkym9R7S2f_gOaLOYfSzDZ0&redir_esc=y#v=onepage&q=Humphreys%20FJ%2C%20Hatherly%20M.%20Recrystallization%20and%20related%20annealing%20phenomena.%20Elsevier%3B%202012%20Dec%202.&f=false
https://www.academia.edu/download/30977829/3393.pdf
https://www.sciencedirect.com/science/article/abs/pii/S1003632615636603
https://www.sciencedirect.com/science/article/abs/pii/S0921509398011538
https://www.mdpi.com/2075-4701/8/3/161
https://jp4.journaldephysique.org/articles/jp4/abs/1993/07/jp4199303C701/jp4199303C701.html
mailto:m.morakabati@mut.ac.ir
http://dx.doi.org/10.22034/MME.24.2.111
https://mme.modares.ac.ir/article-15-74222-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-31 ]

[ DOI: 10.22034/MME.24.2.111 ]

GlSie paye 9 El slige MY

Y/AY T T T

+: Ti-5553
\: Ti-4733
YIAYE | y:miss73
y: Ti-3873

via-|

Ti
x
o
A yivA 1
\\id o
s Wi sta 3T Wl slasldi

YIVY |-

1 ]
YIYO VY- YYo  Y/fe Y/fD Yio-
Md

(_;Lg Bo—Md )1394.': 3 J.i.w}us_: L;Lm‘o}g..')l.ia 0393>0 Q J.m
[Blegaits gl

ez 5 odsl gl VY Jlo 43 Ti-3A1-8Mo-7V-3Cr (g5 5LJT
Ti-5A1-5M0-5V-3Cr LT (5 misblasil codgame o3y o 5l
0995 51 3 gl y ol 00 slgi g >lyb (Ti-5553)
adsi g =hb @l (d-electron) (oSl (63 Gl deas
oSl ez Ti5553 Ly luly dud eswilig glaslT
sl o0 ool plSaisl bias g (5 ydsblasi

Sgay diye 9 (Md) d Jlewsl 6550 abaw dlwss (g o
sl gl Bo-Md bses elel  » 0 (Bo)
.Ti-4AI-7Mo-3V-3Cr(Ti-4733) .Ti-5Al-5Mo-5V-3Cr(Ti-5553)
Ti-3A1-8Mo-7V-3Cr(Ti-3873) g Ti-3Al-5Mo-7V-3Cr(Ti-3573)
sl 00 oy | S )3 ¥ g V) e iy s (slaoylas U
316 glad g 4n5uilie Sl 4 bgype Md oS l3g03 ol 5
olse caYlsS Ly oSl 0318 )by Bo wueS 5 (s5LIT paie
Oll33l b 118 ol 0ad (155 sl (3L paie g il
sl 5 G350 5| ISy 033150 Md 2015 5 Bo puiie
el Gpiile gallatnl (i) 4y (aad jl GAU Gl
IS e S B3R G 9 (291895 5 S

5 Glesd uSyi glel b plsise Bo—Md jlages gub
s > SLIT 53 ulul S s @35 Giopia
Ti-3873 LT g9, as] wlelllae .5, s |y (SwilSe olss
[67). e St yast g 050(800 b y55 00 LT 45 sl Lt
W9 I3 48 Ly egxilid jluband slaill 09,8 s SLIT ol
3OSl @B S 8 dzgi 90 cculio (s Sd S
ol ((led S @ (b gz ST ol 153 Jolhe
sl (SlSegeys wlilee coslhe (6, Slasil g Y
Jiasl Jolos Lle pouilns sLaglll o § Ui 5 ppss
o3 petaie 4 Lo 5LAST adhate s adgl gls S sl
5 JSed s T 1 g PPl (S izl i)
dihie 3 L g Lo dliwl (sles 1 YL (slalos j3 agils
53 poilind gLall s, 8o wygo L LAl (55355

V£oY ag oof gyladds YE BIY)

posli e LT endpls s
rdadlasil (bl b Ti-3A1-8Mo-7V-3Cr
Ly S g Ly LT (551893 3blio )

*'GilShe pase Al jlige
bl o isie ol vl slosyglis g slge U.mlii‘dlb ez !

U‘)"I ‘O')’Q’j

XN €S

Azl )3 9 eriqdlhsl bl stie ag (el ol 5
powl—id o3I gpi S e e shis
Pe S o AR 5T Ti-3Al-8Mo-7V-3Cr(Ti-3873)
5 Al o S S E L Ly 5Las g Ly LalT jLsgs gblis
oSy —hie 4. b el =il ADL 550 °C sLsod 0393 =0
Sl cgpdqddlthsil g (g lisl i) @V a8 gl bL_g)
Lo wg,Sie bungi 0) S S a5 ey 3 J—i8 ddSgal
S sl gl gl e 38 B (Ll 35— 9l 5 (555
Tisfll o5 it Gl sl 5l J—ol> (s piySlasil gli—e
so—Bg J—ds a3 YO L_370: °C (nl—0> 03900, 3873
Ay 1Y 1LT 58 e ya i B s g Loy ay LT (658 allsi
33T (ol bl oy ST > g e 3L il 8l z0t

Sl o e s IV gl e 43 A0 °C L
Ol fy 0ad (up—sidio 9 03ih 034 iS (glod il pe (55l L)
—ahy oaizren el Seliny (Ll g589 il (SL= 4 S sl
A8l JS s ddigad LSl 5o 48l s oy LS Lo
el 393l plo—i—e 1) .0 csalie A0 °C (sLoos 53
Gl S i aS il ol ol Lin Ti-3873 5L_JT puey
33 el S oliny 33 me je L Sa il aolslyy g el
S als gl )l (g (piglasil gl 5wy ey
A+ °C ( Ti-3873 5T JSio y 8¥ e wlio (a3 o390 =0
cwl ADL

2915 3 3L S GRS (spiplhsil ¢ egulud oug SLIT meflgads
Sralins 330

VYWY bl
VEFLPIY Gl £yl

m_morakabati@mut.ac.ir : Jgiume 63iumugs®

doddo -

3B saslauly yolie g5l Ly sl 5 Ly pouilod glaslT
4 oglie (92 ols> pdls Jubs a4 Ll gl i Ly
oo slos 53 (59 @ plSotl cand oYL (Jle Saye>
b wldee ol 5 Gle (5 S b (Sius ool
wdbise cawlio g gl ohg 4 (ke slosylS sl
4 Ly pguiling slajldl )3 Y (SeilSe (olss 4y (b (131
SelSegey wlilas slaabz glsil el calls idls Jus
M il yuno ] (59, 0358


mailto:m_morakabati@mut.ac.ir
http://dx.doi.org/10.22034/MME.24.2.111
https://mme.modares.ac.ir/article-15-74222-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-31 ]

[ DOI: 10.22034/MME.24.2.111 ]

W w2351 & Ti-3A1-8Mo0-7V-3Cr pguilst g SLIT (5 8,18 st

Guix ) g dlgo -
d>ye 95 b Ti-3A-8Mo-7V-3Cr wuSyi U asdlhe 3550 LT
aSy5 5IUT )8 Sdgi VAR o555 53 same g3 g g3
o] cawdy Ti-3.1A1-7.8M0-7.1V-2.8Cr wyguo 4 5T (oleous
& wie 4 Ghl> wldes ((San jlislog, Jya> jshie 4
ooy aloldly i plzil oSl dzys Veor (glos 3 el
G cals Gial b glupSen glos plea ); aalllhao 3,90
L 5LIT bl (slos )8 41)8 £1s 3595 sil)d wan 270 lade
oSS 6358 53 (il wlilas 5 GiSallie s, 5l el
°C (led 03940 13 ¥/Y Kw/h (153 b F2L1500 o 6595 )3
483 Ve o @ g 3LSle 4z Yo (les dlols b YEe-Aee
23 ety il wlilee ell 51 asy ladiged 035 ()
Sl ekl b g)lslo joy glaguyn pupe 84w O
olid bt . al el Olympus BX 51 Jao (685 Sy ySom
51 oSl osd sloul wilite Jlislugyy 53 IS b 4 sl
2650 5 o W51 93 wyge 45 VE- o€ glos )3 gl
03,8 samline Ly S wiyguo ds g YTemAes oC (1lod 03game
AL s V0o #Ye oC Hlade 5 Ly dlxiwl (glod iy o
JMatPro 1381 @ 51 eslasiuwl b Ly dloviwl (slos uasi puiceen
B 5 28 (53 S8 ST 51 Lol aglis (38,5 5 53

A Juols Guobio

ST (s mipllasil sl 5 05 (Vo ,lid) oy ssbiie 4
$Qe= A0+ oC (3led 639330 35 035 LS inlojl (Ti3873
il ) GBS N g (L BT g Lo LT (65L893 3bliv)
Sy gy olSiaod 51 oaliiul b g 0- oC 3les dlools Ly
pae wde .l pladl ieglie o595 @ jexe Instron 8502 Jue
3l a8 cawnl (gledgame w b 3ylg 0 5 yieS (slos Lol
pae e bie GhalS i)y ead gyl o S ks
aliold 3 il a5 A0+ (slos d s Ll (slos ial3dl
ol los U GiolesT slos yiSTas (8l Kl asys Voo
L 50 cosle s do ails sy Lo 518 ST odgame )3 1y .l
039450 53 Led (a3l g Les ol 51 38,8 alold b . ams e (595
5 iSRS 4y e s abiode L6 a6 S5
o3l 9o b wliles 5l e (Sl polss puizen
sl llae 4t )5 9 RS GlalesT glos iali3l S0s
& 3l a3 Aee (slos 31 59 4 ol slajlll s IS
4 yxie e jhwaldl b puilind GiSeey 13d Jeo Juds
slod 53 a3 wililee g el LT Lud Ggamlinns]
0l (e sol pran 3sde Sule dzys Aee 51 YL
Ol (e 3 158 SLIT 08 Ham 4 e s pilS
510 sles il e wde 13 390 (s0 (23S Wil
osizan g s dasYo Bl sy S Saile 4y AO

Modares Mechanical Engineering

°C a9 L Ly LalT (55L8 95 0,5 S s (slmail)s
L9 0313 ey > Lty allil Lo 51yl OemFe
OBitS Gloleil a8 e s 8 S s cnd s
wledbl 45 (LT IS yuasi L) iy <t 05
L 3950 oalasiwl 3515 3g>9 (4] ‘o)_f)l_fz)s_a)z Sl
5 0w slaizie (g iy Slhsil el s 5l eslatwl
ot Ui glavadigad (5, b ¥y oy uiges
o ST 055 ISy Cuolio 039820 9451 51
0 > Sl paeyT sl £3589 35D
i Slheil Lo, (35 adgil dhwly 4 0,5 S
eYlis 5 wleMbl 194 b Sargs |y GEodS wosd ssle
4 by o (10121 T§-3873 5LJT og—as ;3 oo y e
ezl 5l oy of (Sl Se (olsb 5 sl iy
ol Gl wldes

A0l ony Olz @ (Baiungd buwgs &5 Gamgdy 5
wels> 5 Jlizluisy g9, Gy 93 g ldlpe ST (g5l
olis zolis .cwl 4i8)S 1) w390 Ti-3873 5LJT (Sl
95 (S3hupms G 5 Lo T (651893 o3gama 55 T plzil sl
9 WA MPa eulud oSl @ (loiws @ yzie slal>ye
ol 03l 103 VF (g piuSlhasil

SLles (SilSe pola 9 sl buoiy o 45 glaunliia 5
9 3w LS ol dac 5l o Ti-3873 g Ti-3573 il
Sl (olgs 48 sls lias gules s el sl
5 ol 3o Jla e 39— YLy J—ds ay Jsl 5LT
53 ) WAF MPa jlatie an piSTa s (iudS oSl
Sl Sa poly—3 g il (26, Sos (mgs
b w el S 7Y 5l =y Ti-3573 ¢ Ti-3873 (sL_ajLJI
9o 33 2xey3li3 989 g 03 S JSb ) sl (u > & baie
S @Sl S 8l L s e 8)S 4l 8 (g
JlaBe 39 yida Jds 4 30 YU sLes )3 Ti-3873 5LJT
ol yidios Ti-3573 50T do cuwd adgo

53 onib il (sLaialel oasds yiiite eYlio (bl 4o
sl Ti-3873 SLT 0,8 S pn )18y (ol,l oy
035 UKt i LWl (3luis ol pliy el 390
5 Ti5553 gl 1y o] GoSol— > Ti-3873 ;T
d=ds e 4wl A lull sl ao Sisie (slasylS
b 319 Ti-3873 SLJT 0,5 Syt )18y (uoyp
031y LS 1y SLIT (ol (555158 (oaly Sledbl 35
Obgiy 3l Sae s S waio ) ol 45 lad e g
9 Ti-3A1-8Mo-7V-3Cr jLJT (s pislhsil o oi ) sl
seeleiddse oLl gz (6dl5 dingy dibaie 4ol )
el o 05 S yuass

Volume 24, Issue 02, February 2024


http://dx.doi.org/10.22034/MME.24.2.111
https://mme.modares.ac.ir/article-15-74222-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-31 ]

[ DOI: 10.22034/MME.24.2.111]

SlSie paye 9 £l g NF

500

-—650°C
—&—700°C
—i-750°C
~¥—800°C
~4-850°C

True stress (MPa)

Elongation (%)

2 Ti-3873 3L 68 (S Gialejl 51 Jols (sid)S (3s ylagad (¥ IS
U“"‘)SC)J L 50=AB+°C (slod 039450 43 Ly 56T g L LQJT)Esé gblio
st

S (i glylsgad cagdi o csalice 45 jshiles
dw ghls Ti-3873 LT 0,8 (S Gialol 5l J—ol>
lmos s g5 85 5l ab 4 S Wi wd 4Bl _shie
9 Srol—ind paoy T i oo S yelllo
ihis jl 5 e 5l w— D dihie )3 cewl Had U_ag_lf
slalalil sl Iz palud aaii 5l Gy 39850
Ja8 1414S ol oo (iyl5S ol o0 399 40 &y =ie
L 3a2 L 9 550050 L 3,550 53050 Lol ol o
& Ol co Ll pe y iy Sos & lge
D950 IS T (e 5> plSouiul

o iy LS Lol =l e i J88 g SiseunylS oany
(1D pgs ddhio O3l oo 3ol dalsl JiSTa s i
S8 93 aml) #0e-Y0 sLales jsaSag i o L]
sloles s g (oS aa b e sl Lo Lali(
Ui Gy ecsl L Lo (GLesSs asli) Y0o-A0- oC
o Lty 5L80S55 dis 3 11 dibie sanliue ele .l ol an
ol (g ih—By 9 Selins ooy slasil$ £5-89 4y
0313 cad Kb )i 0L S (b Gi)lS G
Sz il L Bics Blecwl sacs ()33 M5l wl sai
eylae by o8 slwjye JSid 4 i Lalenls
3320 j9 L £ 89 Ly g Solins (2Ljb g5 S0
3 I 4a_idhie g u.!').l‘_u 39_;.9(_,_‘0 k_i_a.nl.ub
e - Slyd £9—8g Gli—o du e YOe-AO+ oC (sL_nlo>
A4S (gy9b a .yl (Ko S5y s> Saolins
3aze 9 g Salins (ljl g9—Bs (li—re 4zs2
Oiali8l 30 T ddhhie cuswg d—ab o Swelioy
Ol Uil o (Saelins ey £9-89 [y b
ol I8lag b (e 030 (5 i) g (g iy Sllasil

VEWY (pogd oo oylad (YE 0493

. (AR W ; "“5'—‘"—"
3‘{’« A '1\) N M' W B o "Mﬂ
6lod ;3 £l 3355 5 (5w Sa 31 e Ti-3873 5LT sl 5, (YUK
Ness oC

oS LS Glalejl i sladiged el LT Ggaolspns]
b oy tonlie dus ciaolines b ASTM ESM (13131 Lol U ollae
IS Jsb 9 sitanlee VYO dxiw (sligy e e YO dxiw
dosan blud 4y gauwy johie dy il 330l dxgd ylagdie Voo
9 0ab o3ls ey (alejT (slos 53 4iis Ve e 4 ladigas
59 A5 5 S ] e s £355 U5 (s
Stz lugyy i (gl o) (S GlalejT 51 g 45 ol S3 4
25 Sy 53 ndiged alolayly T ey LSl g YL Lo
g Weeo BT (o 5l () ealiiw il lisliosy Gy ez
oSy b delme Sl 3 9 ab el Gladey e
osliiwl adigad ;SIS> jgkio 4y 9296H20+5%HN0O3+3%HF
oslaiwl Clemex Vision,l331 o3 51 Lvils o583) dusolns gz .0
3l Gl lmagad (LS Ly i l—
gy 9yl oS S 5 (15— PeS—wg e
S iy ¥ S s .o oalaswl VEGA-TESCA Jas
2 EI 3s 5 s5lwSean 5| ey Ti-3873 LT 4yl
53wl a osly i oly Kol a3 Veer gl
Sl L )95 g 5 oadh oS (sl L8 )Js—w o=

el oanlie B Lag> 41 yiogySue YA+ 4ils o5l

ey g gglo ¥

T (551595 @blie ;3 Ti-3873 SLUT 03 ()awo 58y up —\-¥
Lo s g Ly

(Ti-3873 5T JS y s L8y woyp jo—rie 4
YOur Voo 500 oC (slalos y3 03 i Qo o5l
¥ ST b eloul 4l o) (B3, S Ep 5 Ly A g Ave
oS iitS Glal ol 51 ol 2y S i gLoaylaged
a3 e plid Ly B g Lo W 5gs @bl s 1, 5LJT


http://dx.doi.org/10.22034/MME.24.2.111
https://mme.modares.ac.ir/article-15-74222-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-31 ]

[ DOI: 10.22034/MME.24.2.111 ]

"W w2351 & Ti-3A1-8Mo0-7V-3Cr pguilst g SLIT (5 8,18 st

A \
X
Ve ey L aq
L aA
7
Fay
e o 4
=
3 e
3 o g
9 L ay ~
< Y. —0— wJﬁ,baL.’aj\MJo §
L ay
Ve d K phie gl el L ay
T a-
4 £ A Yo A AD q
€C) ks

Uil ghie ahw (il 5 (s Job b3l @l jlaged (F JSb
Loy Gy Ti-3873 LT o) oS

5L8g3 anmliys Ti-3873 LT S olSxiaol sy ool
o el LT 5L ez y 5 (55l58y90 4 iy
Jlss 5 Ly slaasls ) Baae Ly L3S amli 3 45
Lol (isS @lSsil (63983 08l S yaid
L ol ol 503 (g9 51 Bl iS50 @guil i
by o 305 Lol (o9l slimlu g Ly g LalT (slals cimle
s GBSy s Ly LT L5
S Jloys 3yls Jlsb s eiwaw 1Y Loz o3y i

YE Iy = 3She amSe (815 elliu,S sl Ly Ly LS
S 5 (3 o dmmsitys il JLmb (58] 0 apas
Lo Loy 5L8 5l eglaso HCP (559 sLis L Ly LafT5L8 5o
4 Iy dlicune (gl ele (pufiizme 5 el BOC (69l iz Lus
Lo 039520 (il 53 eoulid (sLaflll (555 slis L

L1350l cawd

05 G g3e5 (sladigad (g lislusay sy -¥-1

1, Ti-3873 LT 08 (S sladiged Soi jlislupy, T S5
olad  SBSS g by @bl ey
5 700 oC 31 Lod (ali8l b 340 (o0 osmlice T JSio 53 .30
@liguy (o> S SLIT Ly dloiaol (slod 5l jgae Juls 4 Ase
] 0si Jools by 35, lislu 5 cal 4l ials W 56
398 SLIT (and b 3Ll (l331 s yoxie ol o

33 adilsj o a5 sad e lid -1 9 -1 sl S ks lu i)
oad eaudS 3Kl a5 A0+ g 3, Kl dzys Ase (glabos
3 dliie 3ylg0 .83 s s dilaiy Calize glaccowd 3 g 4
SWI g Ti-13V-11Cr-3A1 by eguili LT 830 5 W3
5 sdele el ond bliS IMIB34 LT ad pguilins
el 4 s 15 0 0y S S s (> 5 (1515t il
90 43 bl SIS s 5 (528 (5lspe 53 (BT 392
30945 (50 A0S Aoy 4SS 5o ey lpe mdge

Modares Mechanical Engineering

69 =S Gl iiyS ) M ddhie doy JLisl a2y
9 S—olins oy S £9-39 pli—se —imo 4 amd
Ol 3= el Sy gl a9l e e il
23 Saolins gy g9-8g 45 Sl (ls o ol
Uil cuw LS amli) YO-A0+ oC (sLod 0394 =0
el oo Ti-3873 5LJT i Jo—b 3Ll olj—so
(53893 _>l5) 10+-Y0. oC Lﬂ;LmLu)s U QY |
dihio cawy il ) 9 Saol s paey £983 lire
2> 315 (5 ta aad J3b Sl ST 5 035, 1aS I
) S S B i 25,5 JLael Ly s
ool a1 dihaie )3 dged gl (e leiSy JSb juss
5 Bl yue S, el 4ol ) sy e
I dshie )5 dgeld CowSid $9-89 cuw (i (295
SLIT ol 005 LS ¥ (imeio ;503 (9 51 3950
S0 eylue du e e s |y gl el sy
3939 3 Gl 9 SV Sl yonsl 51 pumy M S
SSTa> s Sy Sty S S 4 aie 4y
Ay g 9 03 3L GILSL sl jlas alolity 5 o
2= )3 codmdy ol £9-89 iy 5o s Vo el
samliduo 345 5505 Ly poailins slafll (S 0,8 JSb
L Lol aGi)ygoys Boleiwl oads (i)l3S cowl osid
@90 49 0, H N i slopesl Ly (aaSTy Jds
Syzie slalonl S aicdl oad J88 g Syoxiops
saie 3oy Y joaz LS LTl b phals
Ti- LT 33 Gasd o oo @l 50 4 1y 5
Jeds 4 48 3900 L] ol iy .S o il 3873
gl palud L8y (Syaie slalal S pals
e Jobo sLussl wly e jlag a3 € ST 5o g o line
Ti-3873 jLJT 0,5 iiiS (slandiges ghaie o ialS g
ol o 0ly lis Al p oV (S S a0 5 Ly L
GialS dwlxe 5l Jols glhs e 45 cowl 453 LLo
3950 oatliin 45 jghilan .cwl o)y ) glhio xhow
O30 SLIT Gl Job sLusl e (Lo (ial31 L
YV 35 jlaSo oy dos A3 ADs °C (sLo3 j3 g 48l
) w50 Moyd

OiitS gl igel ghile ghus GialS @iy Sos (sou
Shls FO-Y0e o€ (alos 63940 53 Ti-3873 SLJT 0, S
S5 st G 5l 56 Ulle S ol M wlyss
il by 4 T (6518 dlosial g98g 531 s digej 51 LT
Dol (oS @Soiwol it wily e jlagod 0 S
4 S jghilam s a3 gl o> Lo 1y Ti-3873 3L_JT
33 Lo L yiSTa s i el cosd g o3l
L 50T 4l it sl Ly T 5L 95 aumls

Volume 24, Issue 02, February 2024


http://dx.doi.org/10.22034/MME.24.2.111
https://mme.modares.ac.ir/article-15-74222-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-31 ]

[ DOI: 10.22034/MME.24.2.111]

SlSie paye 9 £l slige WP

39230 £8 Lol ojlail b ladilis ol zge Job <5 (555 @
lsie @ oad sl ol syl 1 casl hasipe iblap, s
o 31 sl 00 (155 Saelins (b Lo S 31 S
Gilize @gblio 43 a8l samoygl glodils LSuil slass Sy
g (50 oamliie A« oC (glod yd aidly S s diged jlis
29 Seelins RLL b ol 3 a8 e8lys plgie 1Y
ol ede cplply .cwl o3l (59) Soliny damaygld dolsl
olgie Iy A0 oC (slos ;5 Ti-3873 SLJT (5 nduSlasil iul3l
Aoy § IS diged SLislujsy 5 badils o (e jladslais 4
2SS o 3209l 989 (aizen 5 Selins HL3L £989
2y Gy b 181 San 5 (S5m0 31 s SLIT 05 S
53 TF1BV-11Cr-3A1 by ad pguilias JLJIT o Luas
L 45 255,5 samli i oL, dmys Termers (sLos o395
i Job 3Lasjl 2o ya a3l a3 Verr B Los (il
el by sladils sy Jus 4 T 51 peg 5 Mo G381 5T
SL3jl i3l e 35 3T 0 GBS e sl L3l lpse
£959 4 L 51685 ddhie 43 1y Ti-13V-11Cr-3A1 5T L Job

3l 03l g 05 S 5 (> Solins L3l

(53893 dihio ;3 )5 (LS (gl diged S Zob (upy -V

by ST g Ly ST
Y US55 A0+ g 10+ oC (slos y3 3T iy ghw yiglias
oC (sles j3 @il JSUb pusd digad (gl .cwl oads oals (lid
Ll gy oo 4 caled ;5 5 whias 5y 1y 9 Sjails> 00
o1 digal ) S £589 4 yorie I frans St 5 K005y @
dodilyiye wwlhiziy Gl sl azre slogle I el
23 39290 whiswy 5 49ili 18 @S ol gead slagSe
oS s g libluz on o cul moly cul lisle
0lgise @alisbuiyy le Gy b 1Y 31y 3929 (Saajs bl
b 58 ¢392 sodp S g LT 58 (oYL plSontanl ede 4y 3903 ol
550 Ly g LT 518 oy el Sytdio uad sl 4 yie o5
L 190500 LT 5 93 oul o lodils) o 5l Silgin s
53704 9C (glos ;3 SLT (gl (6518 53 bl (5 dmungd 4y dz gl
sy 53 dsdse cdalin nlodiend cwss ghio
e gl S b 53 Ly 5B dihaie 55 (6,50 Sl
g (50 odlie -V S Gillae A0 oC (gles jy assly JSo
ek 53 (loyi oS o395 JuiS15 (glojlail d Sy Loyt 43 oS
90 £95 51 S 505 eyl 4l o0kl Sl
3o Sgi ego 4 sl (Sh b g 039 s daibaio oad
3 LT ks disey 5 O] eolighing canl olpen
b ST G 53 aShse 53 el o 51 S YL lales
ssolie o) ;3 523 (slosio gud 9 35 > dhall Sy @ Sl
0313 (59) Serolind 3320 Holi vunslls dihaio a3 53 394l

VEWY (pogd oo oylad (YE 0493

8-

Yo o

...
=
:

".‘
P
L.

-

e

-——_.____.

(MPa)
& =

PO Yo Vév Ase Abd-
°C) b

2 (5les b Ti-3873 SLIT (S oSl yiSTas ol (O JS&

3893 dihaio )3 Ti-3873 SLJT oS (iiS (gladigas lislujyy (5 S
slolos ;3 L 5B ddhie g 3%tk amys Yoo (A (los 5 L WIT
Lodiged Sgi cuowd 53 3Kl d>ys D« (g g Ase (&


http://dx.doi.org/10.22034/MME.24.2.111
https://mme.modares.ac.ir/article-15-74222-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-31 ]

[ DOI: 10.22034/MME.24.2.111]

W w2351 & Ti-3A1-8Mo0-7V-3Cr pguilst g SLIT (5 8,18 st

S 4o -F
0= ST oMo jLidy 5 (s i dllasl (i il 5
219555 YU Les aiS LiolojT 5l eslaswl Ly Ti-3873
Nyg—e G AlS oy sl gz LSS g (55089
130l ol ) ngo 4 Lt S @é)S 8 L)
Uy 5 eslasiwl L Ti-3873 3L (glou alsiwl (glos ()
A e 3Ll 4oy YO G815 5]l
Ti- JLJT 005 iieS Glalajl 51 Jols (i Slasil (¥
a3l 4 mys V0o L5 10+ (ol 63940 43 3873
L8 Gaaya Gl g Ly 4 LalT (g5L8 dlsil £585 Juls
Slhsil yliue yiSTas sl Gialisl 7208 au 7vw 51 Lall
Cwdy 3|)§.3.'C||_w 43 A0+ (sLod 53 ZYY ylio dy (g i
el
05 LS GlalojT 51 Jools digddoy (i sl wad (¥
5893 dibio 5l 48 Ly jL S5 dihie s Lad (ialidl b
e S 9 (539830 (Simnly of ele 4839 Lo ]
el Los du o558 dilaie 4o T 518
A0 sled )3 0,5 idS (glavdiged s Luskyy Gy (2
2903 5 (Saelins (Lol eols Lt o Sl az)s Voo
oS ISy ey A T8 Cle 0l S (S5 Summe
el Ti-3873 LT LauwssS
100 (slos 3 035 LS Aigad (6)L50 S iy (0
9 Looydmg e iy 9 35elsz 3ls Lt ol Silu dzys
£3589 4y Lined oSt § Lol gy o 4y
S dihie ad 2dge g9 31 3K tlus dmys ACe
392 53140 S g 0ad Sk b g o3
ol Ghag 53 @) (S bl i apy (1
)l_'ﬂ ISy gl e wlie (e 0350 _=e
SOl 4 >ys AeemADe (oo 03980 3 |, Ti-3873
als UL‘“"

vikgh Jols dlie ol ele wlhgize :(SY3] ayanli
035 yditin (il 3t 5 Gl 40yl g 53 9 el (Biueng

RO

3579 Bl sl s28Lie UB)l25 g Wlio ol )3 :@8le (B)lal

..))'.).3

Modares Mechanical Engineering

oxds yolls (s3lae Sgi JSib 4 St prdane 45 (514565 4y Lcanol
35 YolS s Sgi LT YL (g iuSlhasl Jus 4y g el
£989 =Y JSU 5o o oaline Sl s 13 Ll 0
Z-1 0yl ;3 45 A0« oC slos 53 1y SLIT 55 Sauolins suze 5L
=T -V slal mls puisen 38 0 anli oad esls ¢lad
€ US> odel s 3oy A4 ghiio b ialS ol b 2
a>gi b .ayls Galkai AOs oC (slos jd asly S yuusti diged (5ly
03350 Ti-3873 5LJT 0,5 (S LiaalejT 51 ol oy 2l 4y
o€ olos s3gime 5 L S5S5 dibio ST S5 pusds aslie

) AQe—Ase

SEM MAG: 80 x Det: SE
SEM HV: 15.00 kv WD: 17.90 mm 500 ym A
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SEM MAG: 120 x Det: SE VEGAWTESCAN
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