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Abstract

In this research, effect of time and temperature of TLP process on the microstructure, mechanical properties and
corrosion resistance of CP-Ti to 316L stainless sted joint evaluated. For this purpose pure copper foil with 100 pm
thickness was used as interlayer and joining process carried out at 950°C, 1000°C and 1050°C and for 90, 120 and 150
minutes. After the joining process, shear and micro-hardness test and corrosion resistance were applied in the samples.
Thetest resultsreveal ed that the shear strength of the sample 1000°C is better than two other soaking temperatures. The
main reason was the formation of less intermetallic compounds at the interface, as well as the presence of less
athermally solidification zone area. Microstructural examinations for the sample after TLP at 950°C revealed no iron
and titanium bearing intermetallic compounds in the interface while for two other samples, there exist considerable
amount of intermetallics in the microstructure. Corrosion test results showed that the resistance against corrosion
depends on the intermetallic compounds formed in the interface. Intermetallic phases includes FeTi, TiCu, Ti,Cu, and
TiCu,. The sample prepared at 1000°C for 120 minutes had less intermetallic compounds and as a result, had the best
corrosion resistance. Fe and Ti containing intermetallics had good corrosion resistance in ssimulated body fluid, as
comparison with Ti and Cu containing compounds

Keywords. Transtional liquid phase bonding process, Dissimilar metal bonding, 316 L stedd, Commercia pure

titanium.

Gl Rl b oday a> e 3 05,8 15 Jlail sy 5l
S5 bl by Bl w¥ ol gl b oassenme
ol 35 L e Al e 3 sk e 1S mle 50 (ST
@ skl (alend S5 R 5wl S 4 mle 50
il Jlasl € ga 45 G505 5,8 o Do beden s
0> laly Y Chle 0K 8 08 050 G S &
S ol s s e SIS b Skl
123 90 350> B) 3o e b S5l 4 Kol Jlas!

[3:2] (s i3t
S cl Cuenl Sl Cgr O ) emen e s Ll
Olye 4ol dalyt Ol & b slp 1) ol ) oS 5
S O3l > e (Soppt a4 caslie gl 5 Jle
Ojle ol ST Al a5, o0 U8 4 S0l ladds 5 L2s
S el 3L LS VL gl o sL Ol e s
GV s o 4 S AL Pl O pl Culis
T Vg e SO b4 Ll Jlal sl
b b Gy b oV s e sl e Jlall sl a5
TIC 5 FeTi wile e olajl bl w5 ol K0
3> ol Gl el D Gla s Fle 4w 5o 350
s ol Ll (6l LS mbe 56 sl s s, b L)

[4] st slis a0 S

aedie -1
L olsls O s a8 ol gl 3 LIS e 50 Jlail aul 3
S sl bos b i ) bl Y Sl eslin
o3ls 13 Jlasl 5,50 3B o5 o bauly 4Y Ll e Jlasl
e 53 o Sl B S STES 5 0T Csd b s s e
o clodon slaomil 5 sl DB 0955 4 358 5 (Jlail 5,50
WY B8 38 5l e a0l ol s s e Jlall sl
03 90 s plSoutnl @ Ol il Sen 5 Lol
(3 S B AT nl s Sl s wl
S el Ol Jlasl 3,50 olakad LS Jlesl Oy
S el g s S LIS e 5B Jlasl aul s [1]
Gl OGS s eden Slakas gl Ll Ol s
3l Sl ool sl sl Oljes Djse 4 Jladl
Joeo sdome VL b gl (ol Dl 4 il
Uiz 0350wl 5 (ans3 (6318 los il 33l ams s 5) Ll
Srp bld sl b cad (G e s gl sl
o Dl e Tl Al e e el anTs ) s
b sl anls oY Cs Lty 1 el L o
oslizul b ladas Jsl a0 55 (g3l K 5 bdes &y 50

53 o laals Y S 05 e win b 4 oSS S

1-Fixture


http://jwsti.iut.ac.ir/article-1-305-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-10-25]

w3 S e [1] ol s Cavalli o s S L2ag3 5o
534304 05 5V 5 b Lalls eyl b Lt
Sl sl slos ds plnil 0,8 5 s e Lauly Y
10 Obj 5 ol S sle a5 1030 5 980 o, Lawly &Y
Sl sl ol ol 5 bl sy cele 30 5 csla
1000 5900 5 @ 5o A eslizul s lauly &Y 5l &S
L3l a8 o) sy el 10 e @ 5l S Sl a o
g5 5 Ol cbes  anoly Dl 4 Jlail ab il o
D5 eslizad syse 08 danly a¥ S by ool Laly oY
wwele 10 Oley 5 ol 8 Sl ar s 980 les p5 i S
Los il bl ooy Jlasl ab 5 AT (636000 S 5
oS 5 el 30 & Ol il 5 o1 S sl 455 1030 «
Olge & s &S Gloj o odalis (g iy AQTIy (55500
IS5 e 5 plid dalr Jloms i oslizl Lauly oY
A b odalie oS (53w At s LAl 5 3 g eld
okl Y 5l S sy Sl w by S <al_<.>r.:.,:\
e A3 1S I 502 0T e 5 s eslizd
oSl 51 o slizal 0,8 Ly Y Sl &S Sl Gl

el e @ d&.w’\.;liﬂ 160 e
i plul [B] s 5 P heg S Liagy
o5l ST & UNS 32750 (s3liss 03 5 sV Jlasl
o Sl Y Sl sk pl s A8 ez TI-6AIAV
31,8 Sl a5 980 5950 920 890 (slales 5 i eslizul
A S s bl sl s 60 ol s
2 e Ok sl Jlail S sls Ol oLyl gla e
56 Jlasl isy w4235 60 oboy 5 o) Kol 453 930 sles
ailie 53 (Sawsnl €857a 5 Ll Sz 4 LIS mbe
Oles oS sls Olis el s S 2 pd el sl sl
Sl Ll Jlasl U (sl 3 fse sl bl A0l 3
e 3l Gl St feab el sl Ll 0L
O3l Jaw g dls 0 5 T3 plnil slos s aul 3 0l

LA esly jasds el |8 slasl (WS ansl 3l

pAll ey B16L SV Jlasl slas s s
o geae Jolie dile Jlail ool (S35 oo )8 & 015 08
o el 5 B16L Y5 1 sed oyl il (slazilal
Al pslie (Sidse Sl b ocdnes Wl s o
R s o S Eel s dmes (So
a3l Cihel S Sl g sl ks
st 51 L sl Sa, 5 (2 ,me 53 0Ll 0 L 0sls,l 3
Sope 53 sl wlinhenS S Sisie s p
S DSty 5 S Dlaoke o me 5 815
AB s (Sayp Lsy s Ll e oS sbe a3yl
Gz o8 51 = e 1y O 5 eslizad el S 5 5,135
oS 035 Omer wb S s Bb Ol b e Sy
Josde 5 0,5 lalid il s ok plSomal cosiles
5SS pde Lol 45) SV 4 ol S annl
et 1 el Sl eslinal (555 00 Ol 53 5 iy
LS o Iy el BI6L Y 5 4y gyl Jlasl 1S e

S ol [6] 55 1an 5 Tillmann L 5 oS sy
ol Y55 Jlail gl buly oY Olse 4 ol e 5l
LIS b 56 dlasl gy 5l s b ow oS
5oL, 8 Sl a3 850 sles s Ul Sl L a eslin
Sl Sua s el 4235 180 590 60 30 sladles ke«
Jlasl Sl ol 2 al b Oles 3l s sy ol
sls oLzl obT Gasw 2l s oS Sl 43 850 (sles s
aor 3 38 Sl w850 gl s wbe Jlasl S
LS 535 odal 5425 4 4ids 180 590 60 30 slaole;
ailaie 53 paslim e 5 pastism ol OB G gl
43590 b asdlasl by malsbl s g adals 59 5 40 Jlas]
180 b asdlast Olos Lialsl Wl s plSowaal 2l 531 Esly
Sde Ll o clead plSoual alS Sl wids
Jras 3 labad cnSCs 5 B 03T 5l g 2 (Sl
5 TiCu 5l S5 psdls 5 el 4l S i
A ey WS i 4 TICU


http://jwsti.iut.ac.ir/article-1-305-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-10-25]

ol slas s s e Lol &Y L LIS wle 56 Lt
30 of oley 5515 sle 4551000 5950 900 850..1,5
Sl JLzd oS e sl Ol 0Ll ol 55 4235 90 5 60
il 5 oSl (el JSLSe 5 55> lalas
Al Gl Ol by by L e 5
ol los &S el s w0 Glay oSl STas
ol o aids 60 of Ol 5 oS sle s 950 i

3 SIS 163 L ol o oSl ST s
3B dlail ldas Oley 5 Lo sl bl Sl ol Gdes 5o
sl 5 sl (SO el LIS sl
L B16L V3 w0 ol el ol Jlail (So,

A 4 S N3 g 3yse e Jals Y gl

d‘:"“ S92

Jiangsu Hongbao - S & el 2 4 S u‘JL"' U,,L,J
S5 Gl sk 4 S g e i 5 B16L SV
S F L e Jih 52 08 ilis 5 BI6L SV lend
S JSl Oyl 550 e sad G5 s @L‘w
esslis 5 BI6L SV slend S5 A S 13 tess
el o 1)1 (2) 5 (1) I o3 s p w2 0 8 el
s S 1000 Slos b buly 4Y culbis SL-OT )
Sl 4 gt G5 4 3 o ol {12] 55 Sl
Cwles LY G Cﬁﬁj\jj ;)}j &:JL::-LQ-G Co d)j U,'.'.AL;L:A].
O o303 eslizad b auly &Y Slewd oS 5 ade 5 550
S B) Jadr 3 5 ol s 4y (o8 g S S
RGO I

s 4 AWS C3 syluiliel s ilosl gls 4 ses slal
S adke 3 calis 4 obads w8 3 o (D) US9)
andad 27 slaws 2 0 8 ol el el 5 3160 SV

woddesls 5 e Bl 13 s e Sl 3 skl w Lol

\- Optical emission spectrometry

TiCus FeTi TiCu i3l Wss A3,le sddodalin clajl
el y3 ey S lade (ClpsFepsTi 5 CroTi (FeTiy
Odel sz a al ol e oS AE zin wl ol Sl Jlasl
D355 S 3k o slasl

A3 el [9] HLas 5 Ly (S5 b 4 Sagh o
S T-BAI-AV o yilis SUT & 316L 03 K55 5¥ 5 Jlasl
S50 e bals &Y Sl eslial L LIS mle 56 Jlasl 5,
LY Cabis (hagn onl o3 eite bl (23S I e
;5960 5900 clos 3 3 iass cplsp e Jauls
100 550 25 sy sl 4N L 4ids 60 oloy 5 5l S slo
e SLS 5 oS sl 0l LT sl plol ey S
Calis ol ss 1S Jlasl axb s (5l ep
4i35 60 0les 53 Jlail Al alnil pde ol dawls &Y
Jlasl gl JSKullEs 220 o coslie Sl L0
g oaids 60 Ol o sl S sl 4z 900 s el
Sl el ol S sle a5 960 4 Jlasl gles il
Sl 5ol 5 Jlail aU (2, Gl s 4 Sl
A Jlasl o 53 (658 0y

ol=il [10] 0, 1an 5 Yingling Wang Law. 5 oS o253, 5o
Aol s b I TING SUT 5304 05 K5 5V Jlasl s
A oy o e laaly &Y ) asliad L LIS wle 50
el 4i3s 60 Oloy 5 518 Sl a3 860 los o Al
S ol Ol A Jols e 55 ol bug &S ol A
el gz 4 S pie b 55 gadate sl AL S
TiCusTigNig TioNi 3l a5,k g 3bom LS 5 cpl ool
0 Cwslie ials sl TiNI L LS TiFe 5 TiNiCu
G G al (Soupt 4 Cuslie imes S (S5
Sk el gry o4 son SLSS 4wy oud
Dy e CkS 5 el

plil [11] [5Kes 5 Shuying Liu Law 5 &S Jiass 5o
SUI Jlasl e o308 5 S e fad Jltle s
Lal b 5l eslizal L 304 035 K55 sV 5 Ti-BAI-AV oyl


http://jwsti.iut.ac.ir/article-1-305-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-10-25]

Ol aw s o sl 5 bl ol S sl a5 950 51000
3 a . plol 435 150 5 4235 120 0i35 90 as Jlasl
3 g Olagen 5 oesls JI 3 0)s8 0550 ey g a4 dised
ATBIN &S 5 a5 oslinal 3550 0,58 Ll 715 0,58
g aids ol S Sle w5310 Bl S e gls 5 s
lales Clsl cle s bl T gl 55 0,8 ]
slales 3 p5lis 5 s U STy S5 51 0 S
SYL S Lo 10 [1] szl e 5l S sl 4,5 960 5 875
Ao e 5 SIS Sl 5L B s Sl s g (gl )
Sl e imer 0pd demie (358) S5
o [6] asl o edime A3 Olids GSde glaob
S el SSE B 5 Se 0 035 jasds sk
S50 (8) s 55 OISUS ) Las (1SS Lads pod con

NI PR W
Byed 2 5485 Ol 5 Lo a Gl i Ol bl (s

2 it 3l g S8 5 gl pll Sl ey A a8 iy

I a 1T

P

ot

L

r

L g P S N NP SSAC K SERUS NP P -
B JJ}-\;_' u‘j: n)}S L;LA) BE JJNL' Lﬁﬂh«&ﬁj U’~" LA el
s e hie b s (b ol I ek 50 S8
A eslatal o S el SN i

316LsY 55 (355 o) ol oS 5 -1d 50

C Mn Si P S
eva | vaae UA | wess | oaeva

Cr Mo Ni N Fe

VTYAS - AA AT AARE Y/ OV . <l

ol Sl gl (355 4003) pleasd oS 5 =20 50

N C H Fe O Ti

YA YIS IEVTS TN NEVA NN VA S 0N RV

e bt (G55 4e9) e S 5 =350

Cu (6] Mn Fe Ni
Q8 A+ GV Ay Ve ¥

S (S Lol S s b dsd il osbel 3l A

1050 (gles vt plosil OT (g5, 1,38 mb b Slles

--O—--——— — e — (D] IM
| — 4

LT

= I

AWS C3 5 Ikl 3b (o 8K r\;,u'\ )y ankas slal -1J§..L

‘JKGUJU .L;jj_a r\;u‘ Ls‘}" \AM}N 5)‘,\?@&.&5?;:'4&},\;-

(4a33) a3 ol 0l | (518 8l 4 53) i3 plowil slos | 5505 o slac
90 950 1
120 950 2
150 950 3
90 1000 4
120 1000 5
150 1000 6
90 1050 7
120 1050 8
150 1050 9



http://jwsti.iut.ac.ir/article-1-305-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-10-25]

(238 el Ose3l
el ASTM E384 5 bl Gl ews Seo 0505
(s S Opesl sl el i oSaws s S
S Seilll cB & 55 BOHLER-ILLINOIS 60044
Dyosl Wiged a Sl nuils 1y 5805 sl o e
ool e U 5V mlan 51w 6 (g5, s S
S e Y as bl (2) UK eals 0L s Gollas
610 55 30y 5 p S 100 Jlsl (g0 e a5
Loalie Ll g) Sooer Jhbesl plnl cgr o oas
L Jsbs 8 o ks 3l st e 51 (0 Lyl
2 s Sl Ol O sl & Susp glaos hle
G Oy (Sidpmid glos 5 PH ciis Lol
mboclos chle (6) Jsar s el sy

s e AL 0Ll 055 slewdly 5 O el (g 5lwans

o3liial 3,50 gl Uglons pliand oS 5 =0 50

e oo g5 HF HNos HCl

by ool lin o5 | w15 | .10

Sl Con els ileand b 3 Sap g
s ol s S 1 eslizl 5,50 ASTM G5 5 lleud
JS2) s hp e Do 4 dlal el ) Slals
ol 6 i S 0s Sen ol 1 5 ()
i S s g Oy e latd Jsle 2 s 100
oSs 055 wiad) 535 21 0Ly s 4 b 4 pe (5l
G35 s b s LSOl oS 28 8 5L S

s &K (0 gles) 31 S sl a3 3713 <,
B3> osb 4wl o 055 el o baaiged ol 3 5l JS
(lael o3, 4 6 (5,8 o3lul &35 k) Jlams 55315 L
3l b ged s, 21 Ol e 28 51 Al (5,8 eIl

S50 s 035 s a3l L sdoms 5 ol Jlos

v -Simulation body fluid
8 -Simulated body fluid

30 s 1y ool Sl &8 (614 o olia S L s &gl
o303 13 Slae Ole3 5 Lo OF (sl 5 O gl 4o Ol &
[13] s avlona (1) el 51 1 o5 Sl ST 2
Wyed b ol Jomed (55,05 ;S (1)
glis gl
S el gl ke leeslel sk o
on el gl as el ASTM E3 sl
L SBS B ey e 5l ks (Jlall Sl
el 5l ey 5 ladad B Sl e S ey S0 s
600 400 100 sy a) sl Julis o (g5l o3le
L) s e 5 (3000, 2500 2000 1500 (1000 800
bl ks (10 & 1 s & O 5 Laa T g Jgla
oalnel 5550 (S sl S 5l S plnl g
el ot 1) (B) s L3 oS 55 Kerall ol L
Jb 65 s S b b e S (SK- 5l e
S opmer A S 15 gltle ) n 350 M
avs Sl dlasl e 3 ol b3l 538 )y
SEM SERON TECH Jus o, 5,50 oSy S

5 a6 s S 6 ls g 350 1L eslized AiS2300C

o rli.x:.dl =

T gl LT s 43 ealizd 30 KV 6,15 51
b e e s 3 T ot i 5
PSS Sl S b Lalis ) S pmes
2 S e Jeab Calis & A8 eslizd iy, s,

3503 S fas San e
kgl oal 3m5 4 3 o DS 5 plulid sl
XRD ol S 513 Sl 5 Al a5
LIS § S 5y ths Cxle PHILIPS-DB792 eslinal 3, 50

4=y 0/05 6(\3 n)'\JJ‘ L' 9 o ealanol Q}A)Y e Wl

1-Secondary electron
2 -Spot analysis

3 -Line scan

4 -Mapping aloy

o -X-Ray diffraction
¢ -Step size


http://jwsti.iut.ac.ir/article-1-305-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-10-25]

ymm A ol
e blE 4+
o ey € < ymm
ol 48,5 DN 1 cos L

\mm

N
O\ ymm
T T
N ymm 316LsYss

\mm

Lok 4:.9/3 ‘;b"“'}jg':" bl J‘ LS‘BJ“}Cjb '2J§.~3

Ol 55 Glewdly 5 O s ddgluans @Lﬁ slagy cble =6 Jsas

(mmol/dm®) - Lake .
Ll 0 Sl | 0k o 3t s |
142 142 Na’
5 5 K*
15 15 Mg
2/5 2/5 ca*
103 147/8 cr
27 412 HCos
1 1 HPo,>
0/5 0/5 So”

Gl Sibon S5 S S VL e il LS5
53 4Bl dlal & sas 0 by e 5 5 oSl o a8 [19]
oS 3sh el 4233 90 Oley 5 sl Kl a3 950 (sles
@ e Lauly &Y 558 e Eol Oly 5 Les 0250S Lo
el b gl ol Sl a3 5 350 e wly
il sladisad b plSoual lavslie s sas (4) S

as e Ol
B osle wsad a4 by by plSomal i oS 20T )
Ol 5 o8 sl 4>, 1000 sles 53 sl Jlasl & 5a0)
$y0d 4 by 3 ohp plSowal S 5 (s> 150
5318 Sl 4255 950 gles 3 anl Jlasl wse0) 1ol

Coond 1l 53 305 33 opl lstlu o 10 o4 (423 90 Ol

s a3 RalS Ao e a0 el Ol
T14] s cpns 2 ey bl
G by ials = AT g )
Jsl 055
op 5 Low =3
5 lales 3 eddesls igr Slakad (gl o 3 o la il b
oo el dalie LG (7) Jodr s il gls 0L
Ol sl S le 4> 531000 sl s anl Jlasl 45 @
030 el JKULK 47 550 luds 4 aids 150
b s adbdlasl ladisal sl 5 ages pl 5 <=l_<_>=:.w\
b blas Les ool 53 a8 sl ol ol S sl 55 1000


http://jwsti.iut.ac.ir/article-1-305-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-10-25]

gl oS Ol 5ldleds o OF 53 jslie pl oSl
o opl 015 e el 4 S 15 gladais LT 555 K
al by huly a¥ Snie b s clSsas 55

el 0303l B g

ol 5 ales 55 aslJlasl sladisal sl 0 5 Oga3 @\:3 -TJ 59

o e 2l Jood (S50 S ool
(ISl (5 5) 4 gl
10/55£0/03 2850+10 1
12/59+0/03 340010 2
32/96:0/03 8900::10 3
42/59+0/03 11500+10 4
46/29+0/03 12500+10 5
47/03+0/03 12700+10 6
35/55::0/03 9600::10 7
33/33+0/03 9000::10 8
27/03+0/03 7300+10 9

2 ojleds abis j3 &S AS . Lasis (8) Jsdr s s
Rty ol 46 o il il Ao s 5 0L s el as s
33 i &S das e ol 1 TICU 56 50T 2 ojleds dais
WCEAAS\;.-&TJ\.CM»\ sds = Ol 5o ol as s 1
) a0l el @S 15 gleai VT 55
ol 5B bl WY Sate fuad o cnS s 23S
L e e bt SIUT(7) Sl oall BLsT gyl

s e Ol
o3gdee 53 s il aiia (7) K2 51 &S €80k
O G VN [P [JET W
oS Ol 5 les 358 DS el 035 oS Sl al
L1 osles aisal slp obe wmis w2k (8) JSo .o
Jolis 3ui il 0Ll K3 53 oS sboles  das e OLES

A3 4B S 13 e 5

= /

S a3l lp s el sbul Sl gloslsz b -3 s

100 51 &S pie Jomb culis 8 das e 0l (B) IS
sl hll ey e 110 550 e & cadsl s Soo
Ol a Laaly 4 358 Oley 5 Ly ol oyl el S
Jab 3 ¥ S ((7) UK lls) ol 3 oS Sl 1l
Y=l S :)";Lf oy ‘h"‘") 443}) 9 (}ft_; j.lﬁ A_gjl.;w
ol B LY ol Ol ol e sl 3l LS S
2 Sy bl s Sl el Al Ol
5> [16] ol slemil 035 JalS oo (slme 4 1 ojled s
Plodes sbomdl Mleen 1 slamsl =155 51 bl aisal o
Sgod opl 3 [AT] el ods J5025 3548 5 e 4l
S ie Joab odas 5 o 0d3 (0) K5 p3 &S bokes
ol S el edd S8 Lides sleal a-b
$ el S C_1@4(6) S [1T] spls e iSOG
1 6y gladais 5JUT (8) Ui L3 s e 0lis 15 1 o jla

el s &)
dais 3 el Lasiie (8) Jsd = S 680k
C,w:\63 (}:JLI.; uf""“\ .Lp):)35 U'“Akf‘):\ BW- s d n)l.a.\f:
S das e Ol 1 TiCu 56 5IUT 1 ojles e ool ol

1 -Athermally solidified zone
2 -Isothermally solidified zone
3 -Diffusion affected zone


http://jwsti.iut.ac.ir/article-1-305-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-10-25]

89 81'954&5& c1399 f)bm..\u 3 )LQ ‘14,&.& cr..i-ﬁ dL.e cf)‘ﬁ‘ 6)&53’: 6)3\.'\5 K} r".\.ﬁ Aifﬁ d)‘)&oﬁ 3 CA.JG' .\.Ab-

(JsLEe) = s

- - A -

] ¥ T - 2 # v \

2 J

il (Sla0lej 5 ales 3wl Ll (SWad sod 4 5 il =4 IS

5 Sl 4l
(DAZ) 344

KIAU 2017

Lol € sl Jlasl

Lol S Ol 5 Lo SRl [IT] el eis s
oo slemil adlate Sy a3 5 353 0 35 Ol Rl
SalS 5 Lotea sbesil dilae 2053 Lo 4l 2580 Les
[17] ol il 5l ool oo o slasail ailaie
03 s e UL 5 B o led e G e (1) e

el 0l &1l S he & ges (glakais LT 55 (8) Jsus
Aoy 3 oojled dbi 3 AS e esiie (8) Jsux b
ol el doys 519 p il sl ass 518 6y s Ll
L ool 5l gels Jgloes 2JUT3 o les dhais opl ply .ol 55
J= 0102 55 5 plis e s LB ke o as e 0L
w|¢..~_<..iclg_,q); ol Jlie 03530 @ a5 Lol ol
Joad 3 al e 348 ede @ arg b b 5l 5w
ol O e rols w55 a5 o T o) S nt

Rl o3 oS 0bey s by s 4 ol 5l oSl KU s
[18] 5,05 Oley 5 s b _posiitons bL3 1 358 FF et 450
355 il dals 3 52 sla wged 5o Oleg 5 les (b33 L g
ed S e Juad Ol Soe s S s ele
ol 1) 6 sl Jlasl sl (10) 5 (9) sla S
Gl opi e ods (10) Ko 55 8 €8 Oles das s
695 ssu- i 4 sl ey S 100 51 S s feas
Olej 5 bos cpl po el ol Sipgy 5 4l SRulidl 2y S
el S e b s i DS S ) el Y
355 5w L eslad sed j Y plinsd e edos Lals Y
ool & ged) €ged ol 533 g 2aS Sl O gl Ll wciils
Sle ez S Jlasl Ol o5 L il L6

lotod slezeil adlate 5 ansl 2alS Jlasl adaie 3 S5 5


http://jwsti.iut.ac.ir/article-1-305-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-10-25]

Lojled g0 canSs e -6 S

ol gad S o pland 56T -8J 50

e s es 4§ T dais
Ti Cr Fe [ Ni | Cu 2 S
62/916 | 0/441 | 07427 | 07809 | 35/408 | o3l a s Lo o)1 s
56/247 | 0/428 | 0/445 | 0/886 | 417995 | s amys| & 0 0%
46/021 | 0/409 | 1/058 | 0/752 | 51760 | a1 asss (Lot 02 s
397238 | 0/379 | 1/051 | 07786 | 58/546 | 3 amys| = 0
19/731 | 18/469 | 55/949 | 41929 | 0/923 | o3l a s N
17/574 | 17/856 | 58/099 | 5/381 | 1090 | 55 4w s (6 olos 0,) 3 i
48792 | 1/800 | 22/431 | 8/646 | 18/332 | .1 2o N
43636 | L/74T | 23/389 | 9/478 | 21750 | i35 4o 6 olos 050) 4 i
12/554 | 9/812 | 71/302 | 3/815 | 2/517 | o3l ao s -
10/978 | 9/314 | 72/698 | 41089 | 2/921 | i35 oo (6 olos 050) 5 i

9 psS ol doss 512 ppils il a5 T1
oAl ol glels Jle 5 ojla dai copl ply 3L e Ao s
(12) o ot Jo= O j3 ol plo & das o 0LES
OLES 1y wiged cnl Sl T 5 ol e ol st LT

'M:Lf
w3V 3 e ol Lasiiae (12) Ko 5l S €80k
70 Dl pulis B U3 e 358l 038 358 o
S8 S Juab 5o st a psdlid B e L
oS S Sie Juad o oal e Bk 5ol S
Sl 35 s S ke a3 ppilid 85 05 Sk

53V U 550 s el pl 53 S oS S35 e
OLEd paslis 3pmy iored ol 03Bl GLEI S 22 fuad
s baely Y Sl el GVU Dl 358 p il oS e e
Loy DoppS b Sl deg e Y b L L uS
f‘\wjéc4h)w4ﬁ)36%udﬂu&;.a(8) d)J}-
18 o ol doys 5 48 puslis 3l Aoy 5 22l
oLz |, FeTi 56 T4 ojles dais opl ply col do s
2l ks O 55 s Ao 3 21 e & das e
wﬁ‘\M})cSﬁ)MMJ)SJ}S&W(g) d)J}-


http://jwsti.iut.ac.ir/article-1-305-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-10-25]

Dyde e ks o3k
538 Sle s 950 cles s wsldlasl sladsed 3
ks 035005 @ids 150 5 120 90 asdlasl slaols
LS ol o SOl ol bl e lodan 8 slezl
lodon & Jlasl a=b 2als 5 asdlasl Oley il sl
53 Bl Jlasl gladisad 53 ol wBl 35 IS plSounu
(oadlasl oley il boss ol 8 sl w55 1000 sles
ool il o &S L e 2alS Ledes 8 slas! il
1050 sles 3 anldlasl sla €sed 3wl ol SIS

358 Jds 4o pasdlasl Oly (2l Lol S sl as o

316L SS

[8] e e 3 psslas 358 i 030U s @ a5
Ol 15 6 ol wgas slp jole miy il (13) =

.M:&
Sl § b g0 cpl etias0lis (ole sy ari) (13) I
dos ol 03y g LB K s ole 346 S
G el e 5 el 03 S 558 SV L & e i
Ol 03 S el 03 S 558 S nle fuab 3 (ool e
S ol s ol o3l BBl g S pie fuab ) 4 se
oSl e 3 (3L (FETI) ppilis 5 ol (s5b o S

)\J_E.AM.UMA): (}fuﬁjju,ai):uﬁ_ﬂ:}_b.b\n.kﬂ:: o>

Interface

KIAU 2017

1 BJLM wb JLJJ‘M)AJ JUMA‘;E;-}JL\ 7J§.~4

. BJLQ.MM)AJ&‘}.SJJL\.“

J};M Jg.w


http://jwsti.iut.ac.ir/article-1-305-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-10-25]

81‘954?&54.0 c1399 bh'—»-ju 3 )LG‘. Je,h.& cr—i—i dLﬂ cb‘ﬁ‘ 6)&.5"’.- 6)}\.'\5 K] r"lﬁ 4-;}:-1' cb‘)&mﬁ 3 CA.JU' Jol> 92

Interface

Slossl 4l

Lodad

(ASZ)

Slezsl aU
oo

(1SZ)

Sga ;|
(DAZ)

KIAU 2017

AIS2300C S

Sl axl
KPS
(DAZ)

WD = 25 4 300 kV X 10(

B ool @sad 55 eddalrl Jladl Hlilayy ; -10 IS

4 Coglie o iy i ds 120 S w0, S 5 sdianslagsS
120 5 Jlasl ooy als b bl ool andls |, (Ss e
wils ol yor a1y (5o, 4 Caslie EalS des opl )3 aids
433 90 0los L3 el Jylowe 03508 jal cnl e
Aol sboes Sltie aids 120 @ Oley iulssl L& oo
Al s S 4 Suslie plpls 5 L e Al
bl ol sy & Eely a3 120 51z ole il
S 4 Seslie & b pals 5 ooal G5l
02,5 My oals (Sospt 4 Cuslie cpl ol 5 L i
ol 8 Sl a5 1050 slos s aldlasl slad ol ool

irlya Syt 4 ceaglie [2alS b Jlasl 0l l5il L

ols S5 ool FETi (5o SlS 5 Vs 4 psilis
2 (9) st 3 SUSG ol Sl ol s
sl lars ks 53 |y Cilkine slad sad (S35 55 O ga
DS Oy amglie Hskaie 4 (14) s das o LS O
o3 (14) IS 55 8 € Solen .ol Cilies (slads gas 03
o 8 Sl a5 950 gles 5 anbidlasl slads ol o35 o0
no sl (o8 L3 @) dlal ol Il L
Ol g el e S ey e Sas
b Caglie S Codl Ol 28 L xiy dels Jyle
1000 sbes s asbdlasl glawses w55l o3 Says

Wyl 5 S el (S5 ,mm ol gy el S sl a s


http://jwsti.iut.ac.ir/article-1-305-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-10-25]

93 81'954:93.& c1399 dl:-m..iu 3 )LQ cla)w cr&.ﬁ JL.» cb‘ﬁ‘ 6)&.53’: 6)3\5 K} c".\.ﬁ 4-.‘.1'-:3 ‘bbm 3 CA.JU' .\A\:-

6 o las M)mwcla.w-lljg

316Lss e 316L SS

Interface

6 ol <UL i pei s U,A\ 5 WWA,L., s T - 12J§M

. ﬂ)LMM)AJd‘JJJ@L“C))J 4.:..4;‘13J§.«

S -4 s ol Gl sl ol s 4 el ool cle el
slbes 5> asl Jlasl 4‘.)"".’4‘.‘)’)'.’]“&;]'.’ Clg_,,,_:_‘ﬂ\u_ijgﬂj— .L)|>&J;>))§Q@3L&6@|F8Ti J;Arjfl.‘:.:ﬂ


http://jwsti.iut.ac.ir/article-1-305-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-10-25]

81-95425-& c1399 Ql:—.d.u K) )Lﬁ‘. cla)w ‘V:’j JL.-: c()‘ﬁ‘ 6)&.’5"’.- 6)‘9\:5 K) c"lﬁ Aij..b' d)‘)&qﬁ K) c,eb* .\A\:- 94

e (slagigad (o5 Osa50 s =90 s

Sl Ao SBF Jsloms 53 (505 ab s 5l dn 505 035 SBF Jylons 53 (555 abse 5l 13 €500 055 oslad
8l ) ) e
1/62 2/1550+0/0001 2/1905+0/0001 1
1/55 2/1565+0/0001 2/1905+0/0001 2
1/49 2/1578+0/0001 2/1905+0/0001 3
1/54 2/1567+0/0001 2/1905+0/0001 4
147 2/1582:+0/0001 2/1905+0/0001 5
1/56 2/1563+0/0001 2/1905+0/0001 6
147 2/1567+0/0001 2/1905+0/0001 7
1/63 2/1547+0/0001 2/1905+0/0001 8
1/76 2/1519+0/0001 2/1905+0/0001 9

A
VYO
VY-
aoy VFO

sals \/F-
Oy Voo

Vo
/¥ I
YD
VY

& gad UL«..’:’:

ks slaole) 5 Lales s axldlasl lad god 035 LialS Ao ys =14 S

Al ek ThCUy 3w olS 5 ol S sle 4>, 950
31,5 5l s 1050 5 1000 slales s 5 s
D FET g5ls (S 5 gl cusla

JSE g OS5 4wy a4 (Sa, 5 Ol
S kindls g S GG S S plakiped Sl 0ld
Ormen Kbl Ol iy Sapt 4 Caslie 5
S S 5aS Saup 4 Saslia pylism ol s3lien LSS
Sl o gl s S DS S

b

[1] Gale W F, Butts D A., 2004, Transient Liquid Phase
Bonding, Science and Technology of Welding &

10/5 550> i 4 aids 90 0Ly 5 5l S sl 4,3 950
$ped o by (hp ol iy s ISR
433150 Olej 5 5l S sl 455 1000 (sles 5 4l L)
2 UL AT 50 i o

S e Jad 53 oS sl QLS ey S Ose5] mls -
b ol Sl gble O oews Koo a5 3)ls 355 bl
odal 35 @ s LS5 bl ol iy Sl
L leaa

L e a5 ) Ol 0 S b Sl by (s 3™
Sl S Sl a3 950 gles > S 55 S3

L;Lu);/lj.u.o.;ﬁ (’)ﬂ‘t':‘“ﬁug L;J.lﬁu:; ols 5ol eole


http://jwsti.iut.ac.ir/article-1-305-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-10-25]

Bonding Join of TiNi Alloy and Stainless Stedl in Hanks
Solution, Advanced Materials Research Vols750,
pp:739-742, 2013.

[11] Shuying Liu, Guangbao Liu, Zhonghao Heng, Kuan
Xu, Research on Interface Structure and Fracture
Mechaniam of Diffusion Bonding of Titanium Alloy and
Stainless Steel, Applied Mechanics and Materias
Vols117-119, pp:380-384, 2012.

[12] Sheng GM, Huang JW, Qin B, Zhou B, Qiu SY, Li
C, 2005 an Experimental Investigation of Phase
Transformation Superplagic Diffusion Bonding of
Titanium Alloy to Stainless Steel. J Mater Sci 40, 2005.
[13] Sam S, Kundu S., Chatterjee S., Diffusion Bonding
of Titanium Alloy to Micro-Duplex Stainless Steel using
a Copper Interlayer: Interface Microstructure and
Strength Properties. Materials and Design. Val. 40, pp.
237-244, 2012.

[14] Kajzer, W.; Krauze, A.; Walke, W.; Marciniak, J.
Corrosion resistance of Cr-Ni-Mo stedl in simulated
body fluids. J. Achiev. Mater. Manuf. Eng., 18, 115-118,
2006.

[15] Ghosh M, Chatterjee S, Mishra B. The Effect of
Intermetallics on the Strength Properties of Diffusion
Bonds Formed Between Ti-55Al-24 V and 304
Stainless Steed, Materials Science Engineering,
A363:268-74, 2003.

[16] Ghosh M, Chatterjee S., Diffuson Bonded
Trangtion Joints of Titanium to Stainless Steel with
Improved Properties. Materials Science Engineering,
A358:152-8, 2003.

[17] Chang QA, Zang PJ The Evolution of
Microstructure and Diffusion Paths in the Titanium-Steel
Explosion Weld Interface During Heat Treatment. J Less
Common Materials, 162:315-22, 1990.

[18] Kazakov N. F., "Diffusion Bonding of Materials',
Mirpublishers, Moscow, pp:25-49, 2005

Joining, 9: 283-300.

[2] Li JF, Agyakwa P A, Johnson C M., 2010, A Fxed-
Grid Numerical Modelling of Transent Liquid Phase

bonding and other Diffusion- Controlled Phase Changes,
Journal of Materials Science, 45: 2340—2350.

[3] Padrona T, Khana T I, Kabirb M J., Modelling the
Transent Liquid Phase Bonding Behaviour of a Duplex
Stainless Steel using Copper Interlayers, Materias
Science and Engineering A, 385: 220228, 2004.

[4] He P, Zhang J, Zhou R, Li X., Diffusion Bonding
Technology of a Titanium Alloy to a Stainless Steel Web
with an Cu Interlayer. Materials Characterization,
Vol.43, pp. 287-292, 1999.

[5] Shrivastava S, Medical Device Materials.
Proceedings of the Materials & Processes for Medical
Devices Conference. ASM International., 2004.

[6] Elrefaey A., Tillmann W., “Trandent Liquid Phase
Bonding of Titanium to Steel using a Copper Alloy as
Interlayer”, Journal of Materials Processing Technology
209, pp:2746-2752, 2007.

[71 Rahman A.HM.E, Cavalli M.N., Strength and
Microstructure of Bonded Titanium and 304 Stainless
Steel by Trandent Liquid Phase Bonding usng Silver
and Copper Interlayers, Materids Science and
Engineering A527, pp:5189-5193, 2010.

[8] Jaldi Ali, Atapour Masoud, Shamanian Morteza,
Transent Liquid Phase Bonding of Ti-6Al-4V/UNS
32750 Super Duplex Stainless Sted, Journal of
Manufacturing Processes 33, pp:194-202, 2018.

[9] Zakipour Shahrokh, Halvaee Ayoub, Samavatian
Majid, an Investigation on Microstructure Evolution and
Mechanical Properties During Transent Liquid Phase
Bonding of Stainless Steel 316L to Ti—6Al-4V, Journal
of Manufacturing Processes 49, pp:100-112, 2014.

[10] Yingling Wang, Qiuzhi Gao, Guifang Sun, Jie Ye,
Corrosion Behavior of the Trandent Liquid Phase


http://jwsti.iut.ac.ir/article-1-305-en.html
http://www.tcpdf.org

