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ARTICLE INFORMATION ABSTRACT

Original Research Paper Commercial pure (CP) titanium has many biomedical applications, especially in implants due to its
Received 22 October 2017 excellent biocompatibility. The major weakness of CP titanium is its low strength compared to the other
Accepted 16 January 2018 titanium alloys. One of the methods which can be utilized for enhancement of CP titanium strength is

Available Online 10 February 2018 severe plastic deformation methods. Therefore, the aim of this research is to improve the strength of CP

titanium by grain refinement through multi directional forging (MDF). For this purpose, after one hour

Ki ds: . e . .

Memodrirzcﬁonw forging annealing at 890°C, the CP tltamL_Jm was forged by MDF_ process up to six passes at ambient
Commercial pure titanium temperature. Microstructural analysis was performed by optical microscope and scanning electron
Finite element analysis microscope equipped with EBSD. Mechanical properties were also studied by Vickers microhardness
Mechanical properties and tensile tests. The finite element simulation was also applied to predict the strain distribution during

Microstructure analysis R . . .
v MDF process. The results of microstructural analysis showed that the average grain size decreased

significantly after the MDF process and increasing pass numbers led to the refinement of grain size.
After six passes of the MDF process, the average grain size decreased from 45 micrometers to 390 nm.
Mechanical properties results showed that the strength and hardness of specimens were enhanced with
MDF process and increasing the number of passes. The hardness and strength of six passes MDFed
specimen was about 2 times greater than those of the annealed one. The strain distribution results
obtained from the simulation showed good agreement with experimental results of microhardness
distribution.

Ti s Ni Fe Mg Al b S5 s ksl o 5 alsgssb slge doie -1
Freoozra b oS Slls 5 3l Gla)lS iy e Sl odls las a6l ) 093 bl aas Sadly JSE i ansdS ams 9o o

2 Ultrafine-Grained (UFG) * Severe Plastic Deformation (SPD)

Please cite this article using: 2 Lod o3l Jod @yl 1 Wlio ol @ gla )l (51
1. Ansarian, M. H. Shaeri, M. Ebrahimi, Utilization of multi directional forging for fabrication of ultrafine-grained pure titanium, Modares Mechanical Engineering, Vol. 18, No. 02, pp.
371-382, 2018 (in Persian)


http://mjmec.ir/
https://dorl.net/dor/20.1001.1.10275940.1397.18.2.45.4
https://mme.modares.ac.ir/article-15-9858-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1397.18.2.45.4 ]

ubled 9 Ybobail ylesl

LURS VSR TE BTN PRI PRI ENPRUL ARV JPTPVRLIENRVEY STERUASTIFSR ST

0.105 4 40 ;I wls ol jzals & 3350 oo sles ;0 4 0y ,5 CP
OSen 5 55l winds JILIKe 1600 o oles plSovnl (l38l 5 (09,500
L B o CP quilis sbaoslyy » ECAP auljs ol 8 52 sbul L [18]
Dy Az (ol 4y 0,5 Ol ax ;5 590 4 450 sles g ax 0 90 ay4l;
S Ol s (09,500 0.8) (5 SzsS ails oslul 4 5omly slos o oS
b 2 Llis s JRable 650 sgu el plSovinl moy Lo g 2l
[19] 4l es oS el Caws @ o8 Gl 4z 30 450 sles [ il
4 70 511, CP nslis ails o3lasl ARB ass] 3 JSew 8 51 e 2oy (3890
53 ECAP bl L [20] () Ken 5 oo .aimd 2alS (45,50 0.082
S Yoo CP ol a5 aizd § amsi lamo glos 4 a3 90 LB
120 JB ,0 ECAP anT wb 3 51,0 [13] o5 5 (s 5ol 095 oo
o3l 5 aulial JKWLEe 715 45,396 5l 1, ol plSouinl siuilys a0
L [12] oKen 5 conSes aams 2alS (5,50 0.65 & 55 1 1, il
azys 400 (sles ;3 (5T G 5 ECAP (oS5 anl el
4 agei ln S PlsF iegtlhae 45 Wo S svalin Wl S il
ol oS (gy5b & el s @ 0ud (59558 mpw 5 ECAP (uly
941 &, 505 § ly plcial 5 JSwle 711 o 341 51 ool
el 4l 33 IS

MDF sl 4 o (55 5 pdy,l,55 SPD Sos (slaasy] 3
G iy, ple 5l Seolw Jlews MDF o (B g diges awdin a5 1,5 sl
Sy 1090 T ® nl 0L sl (523,55 4 yzie 55 5 Sool SPD
pand g pole; MDF & cas g HPT ECAP usile laas]p S
s s o la aszg b slas yo lagl 51 (B el ISl 5 ain
Sy (eizeed S3dge NOP Jiiw S L3l b CP il cnsls o
Gials Lsme slos a4y od Vb sles o plSial Sl SlSe ol
2 rya> 4 3sreS1 s ECAP sl (oS 5 slansylf plil b
el (§ e 432 g o) pikas Vb sloo

355 SPD (slagby, plo 4 Comd MDF anl 3 slags i p 0925 b
b g 0nts plal 555 MDF 0] 8 alonsg 4 il 358 palls oilis
Sl 2l g tlan; » ol Glagaly slaws aule anlp gla sl
a2l b b gyp pole gk Ban el 00l oy Al el
AL ol (Sl olss g 63 lun; 2 ol sl olas 3 MDF
anlp cov el 6 b e slos jo alls wuilis pslate oy Cul
L slos ;0w opl Jlee! i 36 @ 4595 L .c3,5 |15 MDF
Geiod YU sloo b anslin 1o o] (SlSe _plss Sgege 5 b 2Olol 4
Sl 5o badiges 0yl 2855 plnl Lame sles 13 9500
9 (S bt g (S @i () (Sl (olyS cilise
dlone b Grizmes il (o) 2 ()98 9 S9S] 9Sg Se) Sl
A a5 el g (i plloal lap il SIS e ee
o35 MDF 013 dilises slo w50 o gl>al el da sl>al
oSl JIle s abwss & (2025 slaom, 2 nosdle MDF ail b s o)
9S85 )18 (o) 9590 diges il gblie 10 55 @595 9 ilwaned
Shonal s @ (5355 558 siloted @l (i liel sl 4
b dlie (025 @l Sl Jol> (S See )55 b (sileancd

£ SOy -2
g bacw o en 4 1) Lol gl 0 oolatwl 0,50 LB pear 1 S

02 o losis 18 055 1397 sl (e Silse wdise

Yoo b JUsSTi%e Sl [lid, 5 oad bl Slalllas 5 ol oads bl '
slagis, orinte 51201 cl pogams Tl Al el asile
I et a4 g ee wie Sy Jle )0 S 4 45 SPD
Solyj lad cod oy JSb i anT8 ol Glaen slaJUIS 5
SPD (sla by, 09 o)Ll g "ailaiz 7558 anT 9 57 oo 395 an
wzge bolral S8 Rl Gk jlesle n (oBp o Jlel b
b Jss sl g baanl ) cal (b @l p0 005 o0 ol s allo,
oole 4 a8 YL ey 25,5 sbml b oole pe JS 55 Lol allsl
MDF [6-3] sgi o0 51, diges IS olul puis 90 laails g s o)lg
2 23 sledle 0 &l SPD jaar cowd 4 glaan] il (S
oS ool Ky By 55 s aiil B ol el 0 Jlosl ool o]
s g 005 Al Sglaie ol s b Judats caSe O jg0 4y diges
o Olge il oal o izmen w0sd oo Jlosl JLid (T jemme a0
bl aSenl b ols (90 63550 s97e Jo> | aigei 423 90 by o
Ao S Fen JLSlo 5 03,5 @bl ;uSe b w4 3 (LB
sl @ az g L) lais,S dales 5o 1) anl 3 ool el Cews 4 (90 (g
ol sblie 5ol plosl Gl oo (Alisie slaf)S £ g (LB 5 diges
SRILST 5 b e 00 GRS Oliee oo U5 RE & oo anl
Mg @l @Yb Jely S anld ol el o 0sas oLl el
o ol o eslitul BB g oog o3 Sy olal b slaaiges
L olge sl MDF wnlp opl o olad cdl> Lo 4 cuimmad cal
[10-7] st oslial BB ol axlasTs

Geb ol 5l e MDF s o diges 4y oad o)l e ()5
wged sy 5 el iy 4 W s H ()T 1 a5 05500 alins (1) alad
J11] el sy 0 5590

_2nAH 1
f—ﬁn(w) 1)

s Al ol JISr s ke sl Shg Julo & OP s
@ Ceglia YU o35 il ianlio 6,5 s> ublB (535 o) YU
Ladlyn mlio ;o loanlid las )5 Je (6,5 o 5 e (59,95
Ll 5l Sy [14-12] 5 s lacalas) 1ulss gl 5 (53lug 085 o5 jlo sS
e el 5500 Gl 4 s T ol ool CP il cans
Gk 5l Aol Ll L cussame ol a5 ol Ti-BAI-4V
6o el 23, b SPD slavsT b aliwg a4 (g5leailoyn,
robie 35z Jobs & TI-BAIAV L ol oVl plsnal b slasl!
5% 3T polie jpa> g Cenl a8 CP by 51V 5 Al e
ol 09 paalill g b p elis (S35 (B)lse jon & mte Wl oo
ST GsRls olsie as YU plSoviul b on ailsgy, CP auiles ) sslical
@ S anie s VL 5 lecn; pepdle aoilal o Ti-6AI-4V
Gl 4 e Y lad b islagly i 5 gy sle s
116,15,13,4] 555 o (s ggms &1 Sk
o 990 CP oilis Jls) 5 SPD (slavsT 3 (50 b (g5
ewlis 5 HPT a8 alowt L [17] ) Ken 5 gdlKans] .ol a3 )5 )13

* Face-Centered Cubic (fcc)

2 Hexagonal Close-Packed (hcp)
 Commercially Pure (CP)

4 Equal Channel Angular Pressing (ECAP)
® High Pressure Torsion (HPT)

% Accumulated Roll Bonding (ARB)

" Multi directional forging (MDF)
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Fig. 1 Image of MDF die and punches used in current research (1. Die,
2. Bigger punch, 3. Smaller punch, 4. Specimen)
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Fig. 4 The schematic of the tensile test specimen designed in current
research
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Fig. 4 The paths for measuring the strain distribution (simulation) and
the hardness distribution of 1 pass MDFed sample at room temperature
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Table 1 The chemical composition of BT1 commercial pure titanium
used in the current research (in weight %)

\ Cc Mn Fe A Ti

0.029 0.043 0.079 0.201 0.372 Base

t Olympus B60M
2 Bright field
3 Zeiss Auriga
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Table 3 Strengthening contributions factors of the grain boundaries and
dislocations for MDFed specimens at ambient temperature
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Fig. 7 Stress-strain curves of annealed specimens before and after MDF

process at ambient temperature
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Fig. 8 Image of tensile test specimens of CP-titanium before and after
the tensile test
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Table 2 Yield strength (ay), tensile strength (ours), elongation (el.),
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MDF process at ambient temperature
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