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Abstract: 

Diffusion brazing was performed   between Stainless Steel (304L)and pure titaium using a filler  alloy (Ni-Cu-

pa  3-a vaccum furnace of 10 tes withPb) system at temerature range of (750,850,950,1050)°C for 30 minu-Ag

technique. The results show that the diffusion brazing temperature is a critical Factor controlling the 

microstructure of specimens. The microstructure was investigated using light microscop and scanning electron 

microscope equipped with an energy dispersive  X- ray system(EDX). The best results of microstructure  

investigation was  a chived for joint brazed at 950°C  for 30 minutes.Above this temperature at 1050°C showed  

that the craks propagates noticeably wih increased temperature. The joint Sections analyzed by using SEM and 

-i) (NiN– αEdx to observe the produced phases. The major phases of brazed joints using filler  alloy gives (

Cu)and (Ni-Cu-Ag)Phases  
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Introduction : 

Titanium is alightweight metal with the highest strength to weight ratio of any metal and un excellent corrosion 

resistance [1,2].The extensive use of titanium and its alloys in various sectors such as nuclear industry ,aeropace 

transportation and power generation ,requires them to be joinied to other materials for fabrication of different 

compoinets [3,4]. The strong Ti -Stainless Steel  welding  is so difficult due to the very low solubility of iron in 

alph titanium at room temperature [4]. 

This Ti –St. St joints work has been limited due to lack of metallurgical compatibility that leads to the formation 

of brittle intermetallic compounds between these materials.[5]. Areview of the literature revealts that the 

existing methods of joining Ti and its alloys to St.St include fusion welding  laser joining and explosion welding 

have not been a good choice ,since it needs to be  performed  in inert atmosphere due to the reactive nature of Ti 

and the signifacantdifferance in physico-chemical propertips of the material [6]. 

Against this background ,the present article reports ,we Round a vacuum brazing technique is successful joint 

method between Ti to St.St by using anew prepared filler  brazing alloy type (Ni-Cu-Ag-pb) system. 

 

Experimental procedure: 

The base materials used in the experiments were plates of stainless steel (304L) and pure titanium .The nominal 

compositions of these materials are given in Table (1). High purity powdered metals of Ni (60wt%)Cu 

(30wt%),Ag (5wt%) and pb(5wt%) were used to prepare the filler  alloy ,through compacting the mixed 

powders and alloying them in a vacuum furance with Nitrogen atmosphere of 850°C  for 15minuts. This  filler  

alloy was in between butt plate of  Ti-St.St as an sandwich form .Asteel fixture was used to hold the assembly in 

pa with the   3-middle of vacuum tube furnace type( SAFTherm). The suitableoperated vacuum condition of 10

brazing temperature of 950°C for 30 minut used to achieve the joining process. All joint specimens were 

cleaned  ultrasonically in  acetone and dried rapidlly in air. The brazed samples were cut and polished to exam 

the microstuctuies occurred after brazing diffusion  process using alight microscope (optikeMicRoscop ES 

ITALY). A scanning electrone microscope (SEM) type (JEOL.JMS_540L)used to obtain finer structure  details 

.the energy dispersive X-ray spectrometer EDX. attached to the (SEM) to analyze the real and impurity elements 

occure after brazing diffusion. 

 αk ụray diffrastion (XRD) Patterns were recorded operating with C-owder XShimadzu P 

=1.542 Å) for phase and Structure analysis of brazing filler alloys.λradiation (40 KV,45mA  

Results and Disscssion : 
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Table (1) chemical composition of the base materials used with brazing filler alloy used. 

Materials Chemical Composition Wt% 

Pure Titanium   (Grad 2) 

St.st (304L) 

 

Brazing Filler  Metals 

 

Ti: 99.70, Fe: 0.17 , C: 0.03 

C: 0.02 , Mn : 1.5 , Si : 0.52 , Ni: 10.5, Cr: 19.1 , Fe : 

Rem 

Ni:60 , Cu: 30 , Ag:5 , Pb:5 

 

Brazing Filler  Types Chemical Composition Wt% 

F1 Ni:70 , Cu:10 , Ag :10 , Pb :10 

F2 Ni:50 , Cu:20 , Ag:20 , Pb: 10 

F3 Ni: 60 , Cu:30, Ag:5 , Pb:5 

F4 Ni:65 , Cu:25 , Ag:10 , Pb: 0 

Four diffrent filler  alloys used to Join brazing of St. St (304L) to pure Ti metals as shown in Table(2). The 

results of brazing fouund that the filler  alley type No (F3) is ideal alloy   with Nickell 60%  and Copper 30% to 

maintain the superiar bonding strength in this study. 

 

Table (2): The Filler Compositions used in the joints brazing St.St (304L) Ti at 950°C For 30min. 

The resalts also reported that interface rises with the increasing in temperature of 950 °C /30 min by using this 

filler  alloy no (F3) under vacuum furnace as shown In Figure (1). The results show  that the  Vacuum level used 

Pa with nitrogen atomspheres is enough to reduce the  5-10 - 3-for our brazing process in the range of 10

formation  of surface oxides during brazing experimentts [6]. 

The microstructure of diffusion brazed jonts revealed by the light microscope are shown in Figure 2 (a – b). The 

results Show that diffuson  interface with mutual dissolution of filler  metals in awave form are clearlY visible. 

This may be explained by the solubility of filler  elements in St. St (304L- Ti)  substrates as shown in Figure 

(2a); for brazing temperature at 950 °C /30 min [7].  Also this Figure (2 a) adark Points werreabserved in the 

braze joint , this may refer to the formation due to the bonding mechanism by active filler  metals used [7]. 

 

 
 

Figure (1): Tlime - Temperature plot showing the brazing St.St to Ti using filler  alloy( Ni – Cu – Ag – Pb 

)system 
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At brazing temperature 1050°c / 30 min  Figure (2b), shows a distinet layer separated from the St.St-Ti  

substrates due to the weak bonding strength including som cracks with bores [8], which means that the brazing 

temperature at 1050°c /30 min is not Suitable for brazwng layer [9]. 

The Scancanning. Electron Microscopy (SEM) investigation of the  joints was Perfermed in order to reveal  

more details in the reaction layers of the joint SEM images of the diffusion brazed joints shown in Figure 3 (a-

b). Figure 3 (a)  is braze joning  conditions  optained at 950 °C/ 30 min , that Produced successfully weld 

brazingbonded between the dissimllar joints of St-St (304L)  to Ti, giving well pressed to the Nickel base filler 

metals. No Craks and voids were observed on the interface between the brazed materials. Above 950 °C at 1050 

°C brazing temperature , at the Same time of brazing,  the craks and surface defects appear noticeably with in 

creased temperature. 
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This is probably due to the presence of the brittle intermetallic phases as shown in Figure 3(b). [10]. This high 

temperature actually melted all metals of braze alleY, leading themto the liquid phase  diffusion due to their 

high solubility whish are rejected joing with pothSt.St (304L) to Ti substrates [11].  Additionally Some studies 

explain the Craks originated from slip occurs a long Some structural directions over a certain temperatures 

[11,12]. The X- ray diffraction( XRD) results of atypical region of the brazing alloy filler  (Ni-Cu-Ag- Pb) used 

at brazing temperature of 950°C is shown in Figure (4a-b) and Table(3). 
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The various elements and phaseswere confirmed clearly in figure (4a). The onalysis results showed that the rich 

Cu Phase is almost bigger than other quantities without any oxide, metal Phase. This is' probably due acopper 

(Cu) is a good  binary phasease with α-Ni as ( Ni- Cu) phase [13] . No trace of any other eiement impurity 

noticed as shown in Table (3). Figure 4 (b) and Table (4) are analysis results confirmed for XRD at brazing 

temperature of 1050°C/30min Variousmetal oxides observed in the brazing process. 

 

Figure 4 (a) : The XRD results for brazed (Ni – Cu – Ag – Pb ) alloy at 950 ℃ /30 min 

This results actuality  are identical with SEM examination of the braze alloy layer Figure 3 (b), which shows 

that no enough intermetallis  bond to form the boundaries of joined materials due tocracks and the pores and full 

of surface oxides [14] . 

 

Table (3): Shows all various elements and intermetallic phases for brazed (Ni – Cu – Ag – Pb) at 950℃/30 min 

Figure 4 (b) : The XRD results for brazed (Ni – Cu – Ag – Pb ) alloyat 1050 ℃ /30 min 
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Table (4) : Shows all various metal oxides phases for brazed (Ni – Cu – Ag – Pb) at 1050℃/30 min 

AlsochemicalCompositions of filler brazing alloy Confirmed by EDX Spectroscopy analySis as shown in Figure 

(5)  and Table (5 ).This results identified quantification around of 60.1% Ni,  30.05% Cu,  5.050% Ag and 4.79 

% Pb without  any trace of impurities. Various phases consisting  α –Ni,  Ni-Cu,  and (Ni-Cu- Ag) are observed 

[15]. No trace of any  α-Fe or α-Ti phase was noticed. 

 

 

Element Ni Cu Ag Pb O 
Total 

Wt% 

Possible 

phaso 
Referens 

Area 1 60.17 29.85 4.99 5.09 - 99.60 
α-Ni 

Ni- Cu 
[16] 

Area 2 60.11 30.05 5.05 4.79 - 100 
Ni- Cu – 

Ag - αNi 
[17] 

 

Table (5): Quantitative filler  netalusi EDX in SEM 
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Figure (5) : EDX spectra of the brazed joint Prcessed at 950℃/30 min measured using SEM . 

 

 

Conclusion: 

Butt brazing of St-St (304L) with Pure Titanium plates are successfully welding by using vacuum brazing join 

process with Nickel base filler  metal allay (Ni- Cu - Ag-Pb) system have been Performed. 

 

The following Conclusions Can be drawn: 

1- Themicrostructureproperties (SEM,EdX, X-ray) of the  joint was investigated at different brazing temperature 

(750,850 ,950, 1050) °C /30 min. 

2- The results show that the, bestbraze Joining conditions at 950℃/30 min improve the microstructure and joint 

strength . 

3- Morpholog of the specimens were examined by SEM, Optical microscopy and X-ray investigate the phases 

present at 950 ℃  and   1050 ℃.  Successively Several solid phases observed refer to the solubility between the 

filler  elements. 

4- The results show ,when the brazing  temperature reach to 1050℃/30 min Causes softening, craks and some 

pores, leading to decrease in the strong bonding. 

Acknowledgment: 

Iam a great pleasure to Carry out my search at the unversity of Tikrit, Iraq, between physics and mechanical 

engineering departments. First , Iwould like to express my sinear regards to prof DrIshmail.k. Jassim, For giving 

me this project related with brazing welding and his continuoshelP throughout my search.              I would also 

to thank the staff and skilled technical Peoples for allowing me to use all apparatus tests especially Asst. Prof. 

Dr. Farouk MajeedMuhauwiss for his supportrusing by using  Vacuum furnace and useful discussion 

 

 



Turkish Journal of Computer and Mathematics Education               Vol.12 No.13 (2021), 3497-3504 

                                                                                                                                     Research Article 

3504 

 

References: 

 

[1] M.Ghosh, S. Chatterjee; Diffusion bonded transition, joints of titanium to Stainless Steel with improved 

properties, Materials Science and Engineering A, Vol. 358 (1– 2), pp. 152 – 158, 2003. 

[2] W. Yao, A. Wu, G. Zou, J.Ren: Formation process of the bonding joint in Ti / Al diffusion bonding, 

Materials science and Engineering A , Vol. 480 (1),     PP. 456 – 463, 

[3] A, Elrefaey, W. Tillmann : Microstructure and mechanical properties of brazed titanium/Steel joints, Journal 

ofMaterials Sciencei, Vol. 42,  PP. 9553 – 9558, 2007. 

[4] S.kundu, D.ROY, S.Chatterjee, D.olson, B. Mishra: Influence of interface microstructure on the mechanical 

properties of titanium/17-4  PH Stainless Steel solid State diffusion bonded joints, Materials and Design, 

Vol. 37, PP. 499 – 505,2008. 

[5] B.Szwed, M. Konieczny: Microstructure and Mechanica properties of jints of Titanium with Stainless Steel 

Performed Using Nickel Filler , Archives of Metallurgy and Materials, Vol. 61 (2B), PP. 997 – 1001, 

2016. 

[6]M.BalasubramanianCharacterization of diffusion - bonded titanium alloy and 304 Stainless Steel with Ag as 

in interlayer, Internet ional Journal of Advanced Manufacturing Technology, Vol. 82 (1), PP. 153 – 162, 

2008. 

[7] S. Kundu, S. chatterjee: Interface microstructure and strength, Properties of diffusion bonded joints of 

titanium - Al interlayer - 18 Cr – 8 Ni Stainless Steel, Materials ScienceandEngineering A, Vol. 527 

(10-11),                             pp. 2714 – 2719, 2010. 

ed., The Materials Information Society, ASM International. Ohio UAS, 2001. nd[8] M.M. Schwartz: Brazing, 2 

[9] D. Steinmeir: Resistance Brazing Basics, Microjoinng solutions, Arcadia, CA, 2003. 

[10] R.S. Timsit, B. J. Janeway: A Novel Brazing Technique, Journal of Welding and Joining Vol. 34, No2, 

2016. 

[11] Y.Xia, H.Dong, X.Hao, P. Li, S.Li: Vacuum Brazing of Ti6 Al 4V alloy to 316 L Stainless Steel using a Ti-

Cu-based amorphous filler  metal, J. Mater. Process. Technol, 269, PP. 35 – 44, 2019. 

Stainless Steel USing Metal  304  Titanium Alloy and 4[12] P. Zhang, Z.Fang, S.Li: Lap Joints between TC

Powder Interlayers, Materials, 14, 180, 2021. 

 

 

[13] Z.Cheng,J.Huang, Z. Ye, J. Yang, S. Chen: Butt brazing of titanium alloys/ Stainless Steel Plates by MIG - 

TIG double-Sided arc Welding process With copper filler  metal, Journal of Materials Research and 

Technology, pp. 1566 – 1570, 2019. 

[14] Y. Zhang, Y.Chen, J.Zhou, D. Sun, H. Li: Laser Welding- brazing of alumina to 304 Stainless Steel With 

an Ag-based filler  material, Metallo. Res- Technol, Vol. 118, No 1, 104, 2021. 

[15] M. Jafarzadegan, F. Ahmadian, V. Salararuand, S.Kashkooli: Investigation of microstructure and Corrosio   

Metall.  3 filler  metals by GTAW,- rand ERNiC Stainless steel joint With ER 308 304 resistance of AISI

Res. Technol, 117, 507, 2020. 

 

 


