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Abstract

This research focuses on the dissmilar joining of Ti6Al4V and Inconel 718 aloys using the
Transient Liquid Phase (TLP) bonding process with a BNi2 foil and a copper interlayer. The
objective is to analyze the effects of temperature (850, 950, and 1050 °C) and holding time (10,
20, and 30 minutes) on the microstructure, phase composition, and mechanical properties of the
bonding region. DSC analysis indicated that melting reactions begin around 950 °C, attributed to
the formation of eutectic compounds in the Cu-Ni-B system. SEM and EDS examinations
confirmed the formation of intermetallic phases such as Ti,Ni, NiTi, Cr,Ti, and ceramic phase
NizB in different regions of the joint. Under optimal conditions (950°C for 20 minutes), a
uniform microstructure, controlled boron diffusion, and formation of stable phases were observed.
The hardness in the DAZ region was approximately 420-450 HV. In contrast, higher temperatures
and extended holding times led to the formation of brittle phases, solidification cracks, and
interfacial discontinuities. The diffuson coefficient of titanium under optimal bonding conditions
was estimated to be 2.8x107'! m?/s. These findings emphasize the importance of precise control
over process parameters to achieve high-quality joints and prevent structural defects.

K eywords. Transient Liquid Phase (TLP) process, Microstructural defects, Intermetallic phases, Dissimilar joining.
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gﬂéw\qg:\fchwdj)c}\}&ui}u?):
5 ol b e 35k L el BB 5 Ol L
sy pl Kgd o yeie Ol d O sleadl B
ﬁﬁi c.h.)‘) 29T k?r.hw )‘JJ"LL L;LQJ.:.M.S\ S &Lﬁw B
R 53 S 338 o LA iS5 p el sladS]
[25] ot eaalin L (11) IS

w‘jj\ cC)‘jD- )L‘>u"\ 2 V-‘A““""L“‘ﬂ JJ; B ﬁ} JALG
el A Sl e Joa sl 5l an S s
5 S slalas oule BL Celi s pl &5 cidls dal 5
e 0 i SIS ol )

L oGhte S Shy LIS e ks o 81 pseze o
Ll i s 5 yelt jole LS5 s bl iy Olde
SR o gl slel LoWlg e Olull gl B
Sl i oSS 3 g B an 3 Sy SR 5 (SXpE S

Aol asls Jlasl a=U s

ab golazdl Jlslass) g el 358 cu b F1-3-3

Jlasl
ol ga3UT e (TLP) 1,38 mle 56 Jlast al s
(Ti) psslis 356 5 4rlme « Inconel 718, TiGAI4V
b e JaS 5 selan, S s alie oeal
Jlail g5 cpl s ol latdlr 51 (o)l olexsl
olomil Dl 5 (Sl il 25 sl S
D3 b cow | Jlal Lle SOl cuis & el

L Dppoh (B by AL D se s LS S ]
G e a3 5 oD oS lpe Sy SRS o
IS5l poedle it i L J ol S
5 Cr 3 S NI wb s ol Ole (550 i (slajsl
s olal 4 e ol Sae 50 :\j_fdi'l.w 850 cles
SIS TENE

oslatul 3590 0diS y slge S 5 5 Jyldne Lole 51 S S
3 oy 5 edamy 5 A8 5 L& oS Sl TLP il b 5o
Sl Lilg o pas opl &SG) 2525 LS o il Jladl
Rl S 3 o d Ole 6 p A0k e 5 3 el alS
role Hyam 530k ga il aldll ule gles 5 0L &S
2 SAp ble il S s S 5 oal (SO s
33,8 dlasl olg skl 5 ol i sl

LS TLP iyl s 5 S b ol glap e 5l S
(F&) ool d(Ni) IS5 ale (5 olis Lol (s 5lb o LS 5
2l S5 NS b SlS 5 cpl ol (Cr)ps S
55 8 diyls Vb ogd ah b ednSd e plajlle
53 b Ladils 50 55 Sl slajl &) st DS 5 s
Sy 5l W3l epl sy s S o gy Sl U
3 g Spdie oS sl s oaly e Gl
4 3yl spms A Ky Osk b el Il b gl s
T e

SHaS S e Ll b cnl oSl
L ol Sopo 03wl slse (Ga) oS 5y olse b

e SUls pde gbas 4 (SH5d 5 S asd sl


http://dx.doi.org/10.47176/JWSTI.2025.24
http://jwsti.iut.ac.ir/article-1-501-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-08-11 ]

[ DOI: 10.47176/JWSTI1.2025.24 |

S Al s e sl SIS et
H. Zarei-law 55 sddolonil ) 2 opean [26] 5515 Jlas!
o TiBAIAV Ul s, » (2022) o), Kea sHanzaki
L dlasl gles 28 omr Sl &Y 5l eslinad LInconel 718

das e QLG oe ale slasl s bl J s s
Fds S5 slp Leia p sl 358 b aele 1l
Silotse Glp Sk TLP Jlail ;oS sbap 05
S grlensl s A5 S Sl 5 ol Ll
SAIS Jolse Sl (K358 0 Dpmme (35 e D050
3 Seelosge 5wl Gl ol ol b gles Bkl o
Sl bz 2 i D 358 g 5o B8 SIS sladbe
o5 (1) Jpep Gb Lo b b ©psma O dal)

:J).idﬂ
D =D, exp (-Q/RT) (1)

ZQT 534S
Doi sl 558 o
Q: 358 s3ledles (53,5 (Umol)
R: a8 .5 (8/314 Imoal-K)
T glas cles (K)

Else A 5 bl i 55 Al e Les 158
S5kt e ) O s S 35 00 358 sl (555
ol Pl Ao B Ll e Led 045l 55 ¢ Jos ot
o=l o3 oA ey A ges 355 53 S 3| D i s
s n oS 25500 STl il Al ol b gles ST anlllas
b esle 55 5l (i Glasl 4 3580 5 odd Sprdans (2 ble
555 DS s5dime el Lo 2alS ¢ s 550l aolsl
AT ples b, cplos el anl 3,8 axb 00s 35S0
— LS O TLP Jlasl s aul b (gles (335 J 8 5 S »
Jlasl ol 5 (SO catS oSy o Sy Soe el
358 laesls i Ragsy pl o)l s S ol
el 0 planil o gilid ) gl sl (sl p KB e g 056 sl
5 035 (456 1200) 423520 L o, TLPus! 5 ol

g_,q"j,o aJ",_ijM cJ).b L;Lﬁj.:ﬁ\)l_i ‘-;:3) o ‘JJJ.‘ )‘ JAJJA
Ll et 5 b 6ln (pssls) e 34k

il S92

SUTs 718 L5l 3UT s Jlast a=U M@ 5JUT 55 =11 IS
Ti6Al4V

SIS Al o L 3 SlodiS ool A p sl 358 o 2
S Jlo sl slossl Al o 3 (ot S o Ll TLP iyl 3
b jobie 38 3 b 3l 5 ol Spsen mle SB 0T b
Fa aly slemil Co s 0580 DBl L5l e 0
Dose oS Do sl ol &S 5o 5o el TS 54
5 Sl LSS am 5s 5 e 50 0ule U OSGl , K
oIS S50 ramen )l s obel glas s
S5 4 e Ll e Inconel 718 SUT s w4 gl
ool oS ass TN L TN B 55 o560 oS 5
ot Ol posdle s e SialS e 1) Jlasl SIS
U Giledle lp bl o905 Olsea psils 358
o bl ol aS e e (diffusion zone) (g3 ue
b Calis Gole blE 05 das e O ol K
G331 OF SO s, 5 S
3 e Bled o Ol 3580 o o 4 b se G35 slaesls
kel p L dlall il el sl e Ol
JUail 5 o (g8 sl anal 2 (slasl LSCis 51 S 5be
Coos] (30xite Dllllas Bl Clie Sl 5Ll il
55 Jle gl Lles S aul 1y TLP Jlasl s 358 oy 1
55 &S A esls olas (2019) O, Ken 5 D. Kumar iass

A g al 5wl BIBTE 358 (e L slales


http://dx.doi.org/10.47176/JWSTI.2025.24
http://jwsti.iut.ac.ir/article-1-501-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-08-11 ]

[ DOI: 10.47176/JWST1.2025.24 ]

123-1384’&:& c1404 QMUJ)L@. ‘14,&..2 crb.\}\.l dL.u “.)‘ﬁ‘ 6)&3:3’: 6)3\&53 c".\.ﬁ 41‘.}'-:3 ‘.\.'v.u,'i- .\:.a.’jﬁ:.\s a‘/.a)"gm.u 136

53wl Gl Sle a5 s psils jae s Lo

ARy Sl ol S A e 5 Jlall el s

o5 ol SRl dlal amb s eyl w358

S 53 5 a5d GaS sl e G5 5L s Csl
s bl (S5 5 o LS S
A R R TIUTE

Titanium concentration (weight percent)
2

0 100 200 300 00 500
Distance to micremeter (uml

TLP ol b Jlail ol 535 2 pssls i w58 S1-12 )85
ol 8 mloan ;3850 - Call  gles s

el e s ol sed = 5 38 Slear 5 990 - o
Dbl s 93

e byl -4-3
il glabes s Jlasl slad gold ooy S0 Dlasein
ssbkilen ol e 1)1 (13) IS 53 S 0 5l Alols s
Lile (kb sl 25 als OLES Ladd 503 SEM y slas oS
e olie (bl & e <Ll s TiNi 5 TipCu
e VLl el niledd SZadlate s 5L
Cuwe DAZ wilw ;5 420-450 HV 50>~ 5 e
ls 0L EDS il o shailes el s o Inconel 718
3l Ll e CraTi 5 FETi NITi wile 5 5 slasl | S35

)suﬂwcb_wj;il;ﬁmybé);db‘,bj@;ww

NG PN UM:'“‘ (S)JJJQ-

125 aas s folsb 53 paslis jaie w55 =550

Ll
1 2 3 4 5 6
I
A 0 1/8 9/97 | 64/26 | 59/03 | 77/2
B 2/46 | 19/55 | 57/02 | 60/81 | 67/93 | 73/01
sl
0 72 175 350 420 500
(ﬁ‘};—:‘)

pelas 358 o (2) Wabes b Kb pss 056 4w 5L

Dy e el b3 Oy v
9C/at = D 92C/ax? @)

Cxt): chle jae (63580 4 Olge Al 51 0K 5 0L
D: .y 354 (Pfs)
X: akols )‘.da.du,»l.qj(m)
t Ol 354 (9)
RS She Rl 5B 4L
-C(x, 0)=0 (ol x> 0(a)sl b,3)
(e o )
(cl jio chle culg o 58)
23 Sope &kl Gl e SO 056 M >

:w|

-C(0,t)=Cs

-C(w, ) =0

C(x, t) = Cs* erfo(x/ (2* V(D * 1))

S 39 g oslinal glabad 3358y b analoe (6l
el X = 175 um alsls 45 C/Cs=0.571
. efc CU d).l:— )| oslai! Lq
erfc™(0.571) ~ 0.4769
x / (2V(Dt)) = 0.4769
= \(Dt) =x/ (2* 0.4769) = 175e-6/ (2 * 0.4769) ~ 1.834e-4
D (t=1200 )0l 03 phns b

D *1200 = (1.834e-4)? = 3.36e-8
=>D=x28x10"" m?/s

Ll 5 03 08l 55 paie S8 g o o B M nl 2l
1l ol TLP iyl 3

D~2.8x 10" m?/s
13 ged cimmen 5 Jlail 4 b 53 318 e slaas aylis
SIS s ealia (12) IS5 s o sl e 55


http://dx.doi.org/10.47176/JWSTI.2025.24
http://jwsti.iut.ac.ir/article-1-501-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-08-11 ]

[ DOI: 10.47176/JWSTI1.2025.24 |

TioCu STioNi o-Ti ol a3l oS 5 (aids> 20 s o
s Jal 4l 3 s e P Cxse S sy
A3 S g bl ¢S S

Ol 5 oS sl 4251050 b oLes Bl Ll o
Sl S 535k 5 Sl el a8 30 U (o)l
Sap & e S A3 TIB 5 NizS CraSitle oansls
s S dlasl s Saesul 5 (Dl soleadl S 5
2 el Late Slaigal oS ls DL 5 s Son g
S, Lol YU e 35 glasl ol LSCas s 4 YL (sles
Mot Sy 3 ol 35 g kil gleanSls S
b Gl 8 dd o) pasd S5 053 056 L 5 arlos
Ll e slaesls

PSS P e bl Y S S jasle (s
2wl b bl S S S 5 s 358 a8
33 A S Sl e ol 358008 o i) 2T 4 U
o Sk gl 1S e Gl 4w SUT
ol g 53 XS o e s Jlal g Sl S s S
s oleg s Ol des o Jalss 5l (S S Gmee S5 4 axllas
2 S o s e S SSTLP wylp s Sole ol
(U U T TN S JURP: JUSURCE O R I 5

@\;.a
1-S. Bahl, T. Singh, V. Kumar, S. Sehgal, A.K.
Bagha, AIMS Materials Science 8 (2021) 62-81.
2- 1. Gurrappa, Materials characterization 51 (2003)
131-139.
3-J-T.Yoo, J-H. Yoon, H.-S. Lee, S.-K. Youn,
Journal of mechanical science and technology 26
(2012) 2101-2105.
4-S. Pattanapichai, T. Jansaengsuk, J. Thongsri,
Journal of Advanced Joining Processes 7 (2023)
100146.
5-S.V. Lalam, Indian Welding Journal (2017) 47-
55.
6- D. Bridges, Nanobrazing of Inconel 718 and Ti-
6Al-4V, 2019.
7-S. Pourmoradkaleybar, H. Khorsand, Iranian
Journal of Manufacturing Engineering 8 (2021) 1-
13.

S gsalen opl poedle cdas LI bk ged
s e olis (SZ dikie > o8 e sdalis
35 e olie ol Ko gladiged 3l i TLP-850
5 S oS TLP-950STLP- 1050 (sladises SZ aikae
13 o311 Jil53l 4 by e Ll e 45 ol TLP-850 & sai
Ll asdlasl sleanlp VL gl W 4 Ladised oyl
SZ aikie 5 e polie oS J ol LoLasb
TLP- 5 TLP-850 (sl yoi (gl ot _asdlasl (slad sl
s e3ls 0L SEM iglas by oS shailea .l 1050
bS5 4 e o8 Sl 455 1050 5 850 (sles s Jlas!
e by sl b gas SZ adlae p3 S5 sl
S5 kel b 4 Cond TLP-950 gladi sl s
T I S
P e bl S S e 0L S

C,‘.w‘ b.LZ@?r.ww

500 -
] ~TLP-850 ——TLP-950

TLP-1050

Microhardness (FEIV)

250 180 -110 40 30 100 170 240
Distance from center (pum)

Ll Slak sad whaie oo 51 ey Ko by =18 IS

& S 4onsi -4
oolie oy Ll e TLP sl 3 S sl olis o> axdllas
b Inconel 718 5 TiBAIAV bl sla5UT Jlast (sl
L IS a8 psbe b glaull oST Lo a
53 960 550> gl 3 oS 55 Lasis o> slasUT
o5 gles Sals sl SasSp gla s 5T ol S sl

31,8 sle ax 950) agr dayl i s gl e oS 3L


http://dx.doi.org/10.47176/JWSTI.2025.24
http://jwsti.iut.ac.ir/article-1-501-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-08-11 ]

[ DOI: 10.47176/JWSTI1.2025.24 |

electronic materials 30 (2001) L1-L5.

18-Y. Wu, J. Li, Z. Wang, S. Lu, K. Liu, Materials
18 (2025) 2471.

19- M. Gao, Development of new high entropy
alloysfor brazing of Ni-base superalloys, 2017.
20-B. Szwed, M. Konieczny, Archives of
Metallurgy and Materials 61 (2016).

21H. Okamoto, M.E. Schlesinger, E.M. Mudler,
Alloy phase diagrams, Asm International, 2016.
22-F. Sun, L. Jordan, V. Albin, V. Lair, A.
Ringuedé, F.d.r. Prima, ACS omega 5 (2020) 3073-
3079.

23-SA. Muhsin, K.Y. Al-Dulaimi, B.H. Al
Khagani, Z. Al-Khafaji.

24-7. Zhu, X. Ma, C. Wang, G. Mi, H. Chongjing,
S. Zheng, Journal of Materials Processing
Technology 289 (2021) 116958.

25-W.-J. Cheng, C.-J. Wang, Intermetallics 19
(2011) 1455-1460.

26-F. Alabbasian, SM.A. Boutorabi, S.
Kheirandish, Materials Science and Engineering: A
651 (2016) 467-473.

8-E. Mansouri, H. Khorsand, Journal of Welding
Science and Technology of Iran 9 (2024) 77-92.
9-Y. Wang, X. Ye M. Shi, N. Pan, P. Xia
Materials 16 (2023) 2437.

10-P. Xia, X. Ye, G. Zhang, Materials 17 (2024)
5989.

11- D. Kokabi, A. Kaflou, R. Gholamipour, M.
Pouranvari, Journal of Materials Science 57 (2022)
5275-5287.

12-A. Mahdavi Shaker, H. Momeni, A. Khorram,
A. Yazdipour, Journal of Welding Science and
Technology of Iran 9 (2023) 1-15.

13-A.B. Hardness, ASTM Committees West
Conshohocken, PA, USA 384 (1999) 399.
14-A. Amirnasiri, S. Mirsdehi,
International 48 (2022) 32777-32786.
15-W. Yuan, Y. Wu, G. Zhang, C. Wu, S. Zhao, X.
Liu, CrystEngComm 22 (2020) 6993-7001.

16K. Oikawa, N. Ueshima, Journal of Phase
Equilibria and Diffusion 43 (2022) 814-826.
17-S.-L. Zhang, J. Harper, F. D'heurle, Journal of

Ceramics


http://dx.doi.org/10.47176/JWSTI.2025.24
http://jwsti.iut.ac.ir/article-1-501-fa.html
http://www.tcpdf.org

