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A B S T R A C T 

In 2020, Cheng and his colleagues presented a paper entitled Al/Al2O3 direct 

bonding using transient eutectic liquid phase. In this research, they stated that 

ceramic base layers used in applications such as integrated circuit boards and 

diodes with high light emission. Directly bonded copper (DBC) layer is a 

ceramic layer that is widely used in electronic circuit boards for semiconductor 

modules, but the formation of CU2O at the interface causes a large deposition 

pressure. Therefore, the DBC layer has little strength against thermal cycling. 

Direct bonded aluminum (DBA), which uses aluminum as the metal circuit, 

used for ceramic layers. Although this combination not formed at the interface 

of ceramic and metal, but the bonded sample has good strength against thermal 

cycle. Khazaka et al. showed that in the work environment with thermal cycling, 

the DBA layer achieves better performance compared to the DBC layer. During 

thermal cycling tests from 55 to 250°C after 1500 cycles, no delamination of 

aluminum from the ceramic base metal plate observed. For conventional DBC 

technology, cracking or delamination occurs in DBC after 20 to 30 cycles. This 

improvement is due to the different plastic hardening behavior between 

aluminum and copper. To increase aluminum-ceramic bonding, the annealing 

temperature increased above the melting point of aluminum rather than the 

soaking effect. Increase and decrease the contact angle between aluminum and 

ceramic. 
  

 

 

Introduction 

Ning and his co-workers used diecast joining and 

continuous casting joining to join aluminum and 

ceramics at 700-900°C and observed that a complete 

interface without any defects at annealing 

temperature of more than 750°C and in N2 

atmosphere can be obtained [1-3].  

Lin and Tuan modeled the compact structure of 

AL/AL2O3/AL, which forms a direct bond at 

temperatures above the melting point of aluminum, 

and this model shows that the bonding between 

alumina and aluminum is a diffusion process. In 

addition, high annealing temperature can increase 

the surface strength, but increasing the temperature 

can lead to AL metal vaporization [4-6].  

 

 

 

Therefore, it is necessary to establish a bonding 

process at a low AL melting point for the ceramic-

aluminum bonding line. 

Fei and his colleagues succeeded in making 

AL/ALN by using CUO paste with a baking 

temperature of 660 degrees Celsius, and the copper 

layer produced from the reduction of CUO. Then it 

spread on aluminum foil. So, they achieved a solid 

connection. This dispersion of copper on aluminum 

led to the formation of rod-like particles of AL2CU 

intermetallic compound in the surface reaction zone 

and caused deterioration of the mechanical 

properties of AL/ALN joints [7-9]. 
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Kumamoto and his colleagues used an aluminum 

alloy with an atomic percentage of 0.42% Mg and 

0.38% Si additives, lowers the melting point of 

aluminum for bonding to ALN after heating in 

vacuum at 650°C, and They discovered the cause of 

the reaction of magnesium, the surface oxide of 

ALN (AL2O3), aluminum alloy, a single layer of 

MgO at the interface [10-12]. 

 

 

 
 

Figure 1. a) top view, b) cross-section, c) Al2O3 schematic with Si, Ge, Cu, Ni samples. 

 

Kormitz et al developed a transient eutectic liquid 

phase formed in aluminum-X (X includes silicon, 

germanium, silver, and copper) for joining ceramics 

such as ALN. The aluminum-X liquid phase 

contacts the ALN layer transiently before isotherm 

solidification by spreading element X on the 

aluminum foil. During the heating process, the 

elements that layered on the ceramic surface cause 

the formation of a thin eutectic liquid phase at the 

interface [13-30]. Subsequently, elements diffuse on 

the aluminum and cause eutectic liquid strength, 

which leads to aluminum-ceramic bonding, but 

Kormitz et al did not measure interfacial bonding 

strength and thermal conductivity to evaluate 

aluminum-ceramic bonding. The TLP method is 

suitable for aluminum-ceramic joints because the 

annealing temperature reduced to the melting point 

of aluminum [31-35]. 

The goal of Cheng and his colleagues is to select the 

appropriate elements to create a transient eutectic 

liquid phase at the aluminum-ceramic interface after 

joining. The elements of nickel, copper, germanium 

and Si appear in Al2O3 layer and then join aluminum 

after annealing in eutectic regions. Among these 

elements, nickel and copper were chosen, because 

both can be prepared through the low-cost process 

of electroplating. The microstructural characteristics 

of AL/AL2O3 junction were performed using 

scanning electron micrograph and transmission 

electron microscope equipped with energy 

dispersive spectrometer. Evaluation of voidness, 

shear strength and thermal conductivity was done 

using acoustic tomography scan, ISO 124 13 test 

and laser flash method, respectively. They found 

that using the TLP method, aluminum was 

successfully bonded to AL2O3, which showed 

nickel, copper, germanium, and Si at the interface of 

the AL2O3 layer after annealing at a relatively lower 

melting point than aluminum layer. 

There is no reaction layer in the interface in any of 

the AL/AL2O3 samples [36-45]. Aluminum-iron 

intermetallic compounds such as AL9Fe2 and AL3Fe 

formed due to the deposition of iron in all layers, 

which was an impurity layer of aluminum foil and 

reaction with aluminum at the boundary of 

aluminum grains during the annealing process. The 

characterization of AL/AL2O3 samples, which are 

represented by germanium and Si layers, was 

relatively unsuccessful, which could be due to the 

fact that the amorphous layers of the represented 

layer easily form oxides and lead to low adhesion 

between aluminum and AL2O3. Therefore, the 

optimal choice for use in high-power devices is 

AL/AL2O3 with a layer of nickel film. 

The article titled study on the microstructure and 

performance of the copper-aluminum junction of the 

transient liquid phase with an inner layer with an 

aluminum base. 

In 2018, he and his colleagues stated in an article 

titled Study on the microstructure and performance 

of transient liquid phase copper-aluminum bonding 

with an aluminum-based inner layer that bimetallic 

composite structures between pure aluminum and 

copper due to excellent thermal and electrical 

conductivity It has been widely used in the fields of 

electronics, refrigeration and hydrometallurgy, such 

as power transmission parts [45-55], heat 

exchangers and conductive heads. The key factor in 

the preparation of aluminum-copper composite 

structure is the connection between copper and 

aluminum, but the oxide film of aluminum surfaces 

and intermetallic compounds are inevitable 

problems in aluminum-copper connection in terms 

of their metallurgical characteristics. The oxide film 

in aluminum-based materials is stable and insoluble, 
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which prevents direct contact between copper and 

aluminum. 

The high strength and hardness characteristics of 

IMGs severely reduce the joint performance. Many 

welding methods such as cold rolling friction 

welding, brazing and explosive welding have used 

in practical production to make               copper-

aluminum structure. It has suggested that friction 

welding and explosive welding methods can 

produce aluminum-copper bimetallic structure with 

reliable welding properties. The oxide film 

completely broken and destroyed by relying on 

severe deformation of the plastic [56-70]. The 

formation of IMGs effectively inhibited due to the 

lower thermal cycling and higher recombination 

rate, but the interface structures obtained by friction 

welding and explosion welding depend on the severe 

plastic deformation and very fast cooling and 

heating rates [71-80]. They are thermodynamically 

unstable and this unbalanced structure prevents the 

driving force for the nucleation and growth of IMGs. 

For example, as the main component of the 

hydrometallurgical cathode plate, the copper-

aluminum conductive head produced by explosive 

welding shows an increase in resistance and 

interface band during use as conductive parts. The 

growth and failure of IMGs is the main factor of 

failure in the service process by reducing the 

connection strength. Hard and brittle IMC ALx/CUx 

form easily due to their strong chemical affinity 

when aluminum and copper are directly bonded. 

Therefore, adding an intermediate layer has become 

the most effective method. Transient liquid phase 

bonding has gained increasing attention since it has 

been able to dissolve oxide layers by the liquid phase 

and thus allow internal contact with the bulk metal. 

The metal foil pressed between the installed metal 

surfaces. The surface liquid layer formed depending 

on the interactions between the MPD and the base 

metal [81-90]. The TLP process includes several 

steps such as layer disintegration, isometric 

solidification and solid-state homogenization. 

Although extensive studies have been carried out on 

the formation of aluminum-copper intermetallic 

compound during the reactions of the internal part 

of the solid state and to the same extent on the 

reactive diffusion between the liquid and solid 

phases, a detailed explanation of the surface 

structural evolution of the TLP foil-aluminum alloy 

junction with Aluminum-copper base is not 

provided in the background [91-93]. 

 

 

Figure 2. Aluminum-copper connection cross-section presented by him and his colleagues. 

 
 

He and colleagues have designed two types of 

aluminum-based alloy foils and considered 

sandwich assemblies such as aluminum-copper-

based aluminum-foil alloy [94-99], TLP bonding at 

different temperatures in vacuum environment. The 

structure and composition of the bonding surface 

area determined by SEM and X-ray energy 

dispersive spectroscopy. The bonding strength of 

aluminum-foil alloy structures with aluminum-

copper TLP base determined by tensile shear test 

and predicted strength [100-110]. Three types of 

aluminum-copper TLP junction lines were TLP 

junctions in sandwich-like coupon assemblies at 

different temperatures in vacuum environment. The 

structure and composition of the binding interface 

region were determined. The strength and resistance 

of the connection was tested. They obtained the 

following results: 
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 Two layers of compounds formed in three 

types of connection lines. A typical eutectic 

structure without an inner layer found at the 

junction. The main difference between the 

three bonding lines, which uses different 

inner layer, is the microstructure of 

Al2Cu/Al and Al2Cu interfacial structures. 

 The thickness of the Al4Cu9 layer near the 

copper side has no obvious change. The 

formation of compounds near the 

aluminum side inhibited by the use of the 

inner layer. This shows that the presence of 

Si elements significantly inhibits the 

formation of Al2Cu phase [111-113]. 

 The cutting power of the connecting line 

without an inner layer is significantly lower 

than that in the connecting line with an 

inner layer [114-122]. The cutting strength 

of the connection lines used in the Al-11Si-

4Cu-2Mg foil has reached 77 MPa at a 

temperature of 575 degrees Celsius. The 

aluminum-copper composite structure 

fabricated by TLP using Al-11Si-4Cu-2Mg 

foil, which has good conductivity. Because 

its resistance is almost equal to the 

theoretical resistance. 

The article titled direct bonding of aluminum-on-

aluminum nitride plates by transient liquid phase 

bonding. 

In 2017, Kormitzo et al. stated that aluminum nitride 

(ALN) was used as a ceramic for DBC layers 

especially for its high thermal conductivity to extract 

heat from silicon chips. Direct bonding aluminum 

layers using ALN have been developed to replace 

DBC layers and also practically used in IGBT 

modules for hybrid electronic vehicles that require 

very high reliability under extreme thermal stress. Is. 

Finite Element Method (FEM) analysis showed that 

the higher tensile strength of DBA layers compared 

to DBC layers under high thermal stress conditions 

is due to the different plastic deformation behaviors 

of aluminum and copper. Two different methods are 

used to bond aluminum to ALN in practical 

applications. One involves adding a solder film 

between the aluminum and ALN layers and then 

melting the solder film. Another method requires 

direct melting of aluminum on the ALN layers 

without using a solder film. 

Kurmitz et al developed a new process for bonding 

aluminum to ALN that uses transient liquid phase 

(TLP). DBA layers are fabricated by this new 

method and these properties have been evaluated. 

They developed a new binding process to generate 

DBA layers by TLP binding. DBA layers were 

prepared by this process with suitable heating 

conditions which were very stable and showed no 

surface fracture. TEM observations for the model 

samples using crystalline ALN layers showed that 

these DBA layers were transformed between 

aluminum and ALN. 

 

 

Figure 3. The new connection process presented by Kormitz and his colleagues. 

 
 

The article titled Transient Liquid Phase Diffusion 

Bonding of Aluminum Metal Matrix Composite 

Using Copper-Nickel Mixed Powder Intermediate 

Layer. 

In 2011, in a paper titled Transient Liquid Phase 

Diffusion Bonding of Aluminum Metal Matrix 

Composite Using Copper-Nickel Mixed Powder 

Interlayer, they stated that aluminum-based metal 

matrix composites reinforced with silicon carbide 

have better properties compared to the integrated 

aluminum alloy is shown to make these composites 

useful for industrial aerospace and transportation 

applications. Despite the potential advantages of 

using AIMMCs, it has not achieved widespread 

industrial applications. One of the main reasons for 

limiting the use of AIMMC is the problem of 

connecting them. Mechanical fastening requires 

drilling of the composite, which can damage the 

reinforcement and also cause stress concentration, 

which leads to catastrophic failure. Fusion welding 

of Sci-reinforced AIMMC is associated with a 

number of problems such as high melt viscosity, 
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segregation effects on restrengthening, trapped gas 

evolution causing extensive cracking in the heat-

affected zone, weld porosity, and particle/matrix 

reactions that combine Metal creates harm, turns. 

The presence of small Al4C3 plates reduces the 

fracture toughness of the weld and causes corrosion 

in a humid environment. The main problem 

associated with AIMMC solid state diffusion 

bonding is the presence of a hard and stable 

aluminum oxide layer on the plate, which prevents 

metal-to-metal contact. To overcome this problem, 

a program of high pressure is required, which 

deforms the plastic by more than 40% to disrupt the 

oxide film on the mounted plates. Another 

alternative is to remove the oxide layer before 

bonding by vacuum ion beam cleaning. Both 

approaches are difficult to implement in industrial 

applications. The transient liquid phase (TLP) 

diffusion bonding process has been reported by 

several researchers as a promising technology for 

bonding AIMMCs. The TLP diffusion bonding 

process is an attractive bonding approach used to 

bond internal layers between components, where 

internal diffusion of the layer and base material 

results in the formation of a low-melt composite that 

expands, contracts, and solidifies at a constant melt 

joint temperature. will be This process has 

advantages such as low junction temperature, low 

junction pressure, presence of heat affected zone, 

breakdown of the plate oxide film by TLP and low 

probability of adverse reactions. 

The TLP release coupling process was first 

introduced and patented by Paolonis and his 

colleagues in 1972. This process was introduced for 

joining heat-resistant alloys such as nickel-based 

superalloys. During this period, this process was 

introduced to join heat-resistant alloys such as 

nickel-based superalloys. Later, along with nickel-

based superalloy, it has been used for other materials 

such as magnesium alloy, dola stainless steel, 

titanium aluminide, joining different materials and 

MMCs. In the TLP process, the bonding temperature 

keeps the eutectic temperature of the layer-based 

material system slightly high and the solid 

temperature of the base material low. The most 

widely used inner layer in TLP release junction for 

AIMMCs is copper. This is because this element 

requires a low joining temperature that is 

significantly lower than the solidification 

temperature of the base material to avoid distortion 

and melting. 

 The initial attempt by Bashby and Scott to bond Sic 

fiber reinforced AIMMC with inner layer of copper 

foil and Ag-Cu foil at 550°C in air environment 

resulted in poor bond strength due to transient liquid 

oxidation. 

Len Weiger achieved better bonding quality during 

TLP diffusion bonding of Al2O3 6061-15vol with 

internal layers of Ag foil and copper foil in vacuum 

environment. Although the different stages of the 

TLP bonding process were not studied for the 

composite system, the separation of Al2O3 

reinforcement at the bonding interface up to a 

maximum holding time of 2 hours at 566°C has been 

reported. Generally, during TLP diffusion bonding 

for AIMMCs containing alumina and copper 

reinforced with Sic particles and when ODS alloy is 

bonded to yttria, segregation of particles in the 

bonding medium has been observed. Especially for 

the connection of TLP Sic or AIMMCs reinforced 

with Al2O3, the application of the inner layer of pure 

copper leads to the strengthening of the separation 

of particles at the connection interface. The weak 

zone created by particle separation in the joint area 

is found, which leads to increased failure during the 

tensile test. On the other hand, the use of the inner 

layer of pure nickel has not shown any fracture from 

the dispersion of particle reinforcement, but the 

joining temperature is usually more than 60 degrees 

Celsius, which is close to or higher than most 

aluminum matrix alloys and causes melting or 

severe distortion of the base material. and 

connection becomes impossible. 

Yan and his colleagues used 10% vol 6061-6061 

Al2O3 composite bonding by TLP diffusion bonding 

process at 580°C temperature and with 30-90 

minutes holding time in vacuum from the inner layer 

of Cu/Ni/Cu composite foil instead of pure copper 

or They use pure nickel with a thickness of 10/30/10 

micrometers. A maximum bond strength of 102 

MPa was obtained for the maximum bond time used, 

which is 68% of the strength of the parent 

composite. The use of the inner layer of the 

composite foil creates a very layered 

(heterogeneous) structure with the presence of 

Al0/9O1/1 intermetallic brittle phase, which 

prevents the achievement of proper efficiency, but 

the use of a uniform mixture of the inner layer of 

copper-nickel powder so far for the bonding of 

AIMMCs by the TLP diffusion bonding process has 

not been studied. Therefore, in current research 

studies, the inner layer of mixed copper-nickel 

powder is thought of as something that provides 

more uniformity in the microstructure by diffusion 

in the TLP process. Based on this, sic 6061-15 wt% 

composite is bonded with the inner layer of nickel-

copper mixed powder in argon environment with 

different holding time up to 6 hours. The 

microstructural evolution with joint time has been 

fully investigated in relation to joint line shear 

strength and failure mode. 

They obtained the following results: 

 In TLP phase diffusion bonding for 

composite SiCp 6061-15 wt at 560 degrees 

Celsius, 0.2 MPa using the inner layer of 

copper-nickel weft, the bonding area 

mainly includes two areas. One is the 

central binding region and the other is the 

isothermal stabilization region. 
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 The microstructure of the isothermal 

stabilized region includes CuAl2 chemical 

precipitation and Al9Ni2 low-stable 

precipitation in the alpha solid solution 

matrix along with Sic reinforced particles. 

 The microstructure of the central bonding 

region is highly heterogeneous at lower 

bonding times. Equilibrium phases such as 

NiAl3, Al7Cu4Ni, and       alpha-reinforced 

solution are present along with Sic-

reinforced particles. In contrast to the 

connection with the inner layer of pure 

copper, the separation of Sic particles is 

prevented, but fine dust has been observed. 

 As the bonding time increases, it grows due 

to the continuous diffusion of the NiAl3 

phase, and gradually the structural 

heterogeneity decreases with the 

disappearance of the Al7Cu4Ni phase and 

the microparticles in the central bonding 

region are eliminated. After 6 hours of 

storage, the microstructure of the central 

bonding region consisted of NiAl3 without 

any visible microparticles. 

 During a shorter connection time, during 

the shear test, the crack originates from the 

fine particles and spreads during the 

interphase interfaces, which leads to weak 

connection strength, but the laboratory 

sample with 6 hours of storage causes 

structural homogeneity and the presence of 

porosity. It shows the highest bond strength 

where the initial failure occurs through the 

destruction of the matrix/Sic particle 

interface. 

 

Internal background 

The article titled similar bonding of titanium by 

transient liquid phase bonding process. 

In 2016, Moradi et al., in an article entitled 

Titanium/titanium like joining by transient liquid 

phase joining process, stated that titanium is widely 

used in aircraft manufacturing, aerospace, weapons, 

and also in structural materials due to its favorable 

characteristics such as low It has high density, high 

strength, excellent corrosion resistance, and a good 

strength to weight ratio. Also, this alloy has the 

ability to obtain a wide range of mechanical 

properties by using thermomechanical processes. 

Titanium's excellent corrosion resistance makes it 

ideal for a large number of engineering applications. 

Some industries choose titanium as a structural 

material for piping, pressure vessels, heat 

exchangers and autoclaves. With the increase in the 

use of light metals such as titanium alloys in various 

industries, titanium joining itself has become an 

important matter. Penetration welding has 

succeeded in joining titanium to itself or steel alloys. 

We need great care in the preparation of base metal 

surfaces and the impractical method for bulk 

products is the limitation of using this method. This 

hard connection of titanium with other metals can be 

solved by using soldering. As a result, soldering is 

useful for such cases. Because it only involves 

melting the filler metal. Also, soldering is able to 

connect all types of metals without severe distortion 

in them and is widely used for this type of 

application. Unfortunately, commercially available 

solder alloys require a high temperature, which can 

cause a decrease in the properties of titanium. 

However, using transient liquid phase penetration 

bonding, TLP maintains the structure of the base 

alloy in the bonding region. In the TLP method, a 

filler metal is placed between the joint parts and a 

thin molten layer is formed by heating. Because the 

temperature exceeds the melting point of the 

intermediate layer or the reaction of the intermediate 

layer with the base metal leads to the creation of a 

melt with a low melting point. The created melt fills 

the voids formed by the unevenness due to the 

mating of the surfaces. Then the middle layer melts 

and penetration into the base metal causes 

isothermal freezing. The result of this process is a 

good joint with the same structure as the base metal 

without any temperature affected zone. Other 

advantages of TLP connections compared to solid 

state penetration connections are low connection 

temperature, pressure and low surface roughness 

required. The middle layer has an important role in 

the specification of the junction regions. At first, 

researchers used alloys with a chemical composition 

including Ag, Zt and Ti, which instead of creating a 

connection with good strength, caused the formation 

of various intermetallic compounds. Alloy foils are 

expensive and have a complex production process. 

Therefore, the middle layer of copper replaced the 

previous materials due to the reduction of the 

formation of intermetallic compounds, low price and 

availability. The results of Moradi et al.'s connection 

of commercial pure titanium by the transient liquid 

phase process by a copper intermediate and at two 

different times were successfully performed and the 

results are as follows: 

The microstructure of the joint in both times has a 

relatively wide area affected by penetration, which 

is formed due to the penetration between titanium 

and copper in the joint area. The connection made at 

a temperature of 900 degrees and a time of 45 

minutes has discontinuities in the center of the 

connection, which is due to insufficient time to 

perform the process. The connection made in 45 

minutes has a connection without discontinuity, and 

in this sense, the time of 45 minutes is better, but the 

connection still needs more time to complete its 

isothermal freezing. The microhardness profile in 

the joint region shows that the hardness value in the 

joint region is higher than the titanium base metal, 

which confirms the existence of Ti-Cu intermetallic 

compounds in the joint region. By examining the 

shear strength of connections at different times, it 
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can be concluded that the connection made in 45 

minutes has a higher strength than the one made in 

51 minutes. Because more penetration is done at 

higher times and more plastic destruction occurs 

between the contacting surfaces, which results in 

improved mechanical properties of the connection. 

The article with the title of investigation of the 

effective factors in the production of titanium 

dioxide nanoparticles in the liquid phase. 

Reofi and Ebrahimi in 2013 in an article titled 

Inspection of effective factors in the production of 

titanium dioxide nanoparticles in the liquid phase 

stated that very small particles with a grain size of 

nanometers are known as nanostructures and any 

material that consists of grains or Molecular bundles 

or layers and threads with a size of 100 nm or 

smaller can be made in this group. 

A small amount of excess in the structure of these 

materials and their high surface to volume ratio has 

caused these compounds to exhibit unique 

mechanical, optical, electronic and magnetic 

properties. For example, nanostructured metals and 

ceramics have completely different and prominent 

mechanical properties compared to their common 

and ordinary samples. The high hardness and 

resistance to corrosion and breakage make 

nanoparticles suitable for industrial coatings, and the 

high contact surface for oxidation and reduction 

with the environment causes attention to their 

catalytic applications, and the high specific surface 

that causes the rapid development of the interaction 

of materials on each other. The properties of these 

materials depend on the following four factors: 

 Particle size and particle size distribution. 

 Molecular composition and structure. 

 Particle surface. 

 Interaction of components. 

Based on this, during the last ten years, many 

researchers have focused on the production methods 

of nanoparticles and tried to provide optimal 

production methods. Since the range of use of 

nanoparticles is constantly increasing, according to 

the type of application of these materials, the 

granularity and percentage of phase and shape of the 

particles are also important, which also depends on 

the production method. For example, titanium 

dioxide nanoparticle consists of two main forms, 

anatar and rutile. If it is used as a photocatalyst, a 

sample formed from anatase phase containing a 

small amount of rutile has a higher photoactivity 

than pure anatase or a high percentage of rutile. 

Also, the effect of particle size is such that smaller 

particles of 10-20 nm have higher photoactivity than 

larger particles. Therefore, special attention should 

be paid to the production processes of nanoparticles 

and the desired process should be selected according 

to the type of application. In addition, by changing 

important parameters in each process, nano 

materials with different characteristics can be 

obtained. Some of these processes are: thermal 

hydrolysis, cell process, bulk deposition, spray 

drying, freeze drying, spray heating, laser 

evaporation and controlled condensation, 

microemulsion, aerosol. Some methods are 

performed in the liquid phase and others in the gas 

phase. In this article, two methods of producing 

titanium dioxide nanoparticles in the liquid phase 

are examined. From the comparison of the above 

two methods, they found that the reaction volume 

has a significant effect on the particle size and it is 

enough to provide conditions to reduce the reaction 

volume as much as possible, which is done in the 

microemulsion method by controlling the diameter 

of the micelle droplets and in the hydrolysis method 

in a tubular reactor by controlling the diameter. The 

reactor is done. The presence of HPC, which 

prevents agglomeration by surrounding the titania 

particles, also plays a similar role. 

 

Conclusion 

In 2018, Abdi et al., in an article titled Effect of 

bonding temperature in transient liquid phase 

bonding process on microstructure, mechanical 

properties and corrosion resistance of 316L stainless 

steel bonding to commercial pure titanium used in 

medical implants stated that the phase bonding 

process Transient liquid is a process in which metals 

are connected using an intermediate layer of base 

metal or other materials. The interface layer between 

the two metals is connected and by melting it and 

forming a molten phase between the two surfaces of 

the metal to be connected and penetrating into the 

base metals and freezing at the same temperature, 

the connection is created. In this process, after the 

complete penetration of the intermediate layer and 

homogenization, the strength of about 90% of the 

base metal can be achieved. In this process, unlike 

penetration welding, the amount of pressure applied 

to the parts to be connected is not very important. 

Transient liquid phase joining process is a new 

method, which is due to the possibility of execution 

for complex and large parts, the possibility of 

simultaneous execution of a large number of parts, 

no need for special equipment, the high melting 

temperature of the joint and, as a result, increasing 

the working temperature. The piece and the low 

amount of distortion and welding defects are 

superior to other processes. This process includes 

four steps: closing the parts together using a holder, 

melting the interface layer, freezing at the same 

temperature and homogenization. In the first stage, 

the parts are closed using a holder in such a way that 

the interface layer between the two metals is 

connected. In the next step, the liquid phase is 

formed by increasing the temperature of the 

assembly up to the melting temperature of the 

interface layer or creating a eutectic compound. In 

the next step, with the penetration of this liquid 

phase into the base metals and changing the 

chemical composition, freezing takes place in 
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isothermal form. If the bonded sample is placed in 

the furnace for a longer period of time, the 

concentration of the interface layer will be more 

uniform throughout the base metals and the 

mechanical properties of the connection will be very 

close to the base metals. Among the applications of 

connecting 316L steel to pure titanium, we can 

mention the medical applications of this connection, 

such as artificial joints, bone plates, etc. Both 316L 

steel and titanium in direct contact with biological 

fluids are resistant to corrosion and provide a benign 

and safe biological response. It is very important that 

the surgical implant is not exposed to corrosion 

when placed in the human body to prevent the 

possibility of infection. Unfortunately, titanium is 

easily contaminated when exposed to hydrogen, 

nitrogen, and oxygen, which can affect the corrosion 

process in this metal and may jeopardize its use in 

some medical applications. On the other hand, 

features such as titanium's low weight, high strength 

against repeated pressures, and a lower modulus of 

elasticity than steel, which causes the stress to be 

unconcentrated and causes the force to spread in the 

bone, encourage the use of titanium. Therefore, 

connecting titanium to 316L steel becomes 

important. They investigated the effect of TLP 

operation temperature parameter on the mechanical 

properties, microstructure and corrosion resistance 

of commercial pure titanium connection to 316L 

steel with the presence of copper interface layer and 

reached the following results: 

 The lowest shear strength of the sample 

bonded at a temperature of 950 degrees 

Celsius and a time of 120 minutes was 

about 12 MPa, and the highest shear 

strength of a sample bonded at a 

temperature of 1000 degrees Celsius and a 

time of 120 minutes was about 46 MPa. 

 0. The results of the microhardness test 

showed that there are areas in the common 

season where the microhardness of those 

areas is much higher than the base metals. 

These points are formed by intermetallic 

compounds and the corrosion rate is highly 

dependent on the formed intermetallic 

compounds. The samples that had less 

intermetallic composition showed more 

corrosion resistance. Also, iron-titanium 

intermetallic compounds had lower 

corrosion resistance than copper-titanium 

intermetallic compounds. 
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