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INTRODUCTION TO THE THESIS 

1. Title: "Research on the quality of steel structure welds by automatic arc 

welding under the domestically made Aluminate-Rutile ceramic flux layer" 

2. Basis for choosing topics 

Currently, welding technology in general and welding materials in 

particular, has been used quite commonly in mechanical factories, 

manufacturing, repairing and production facilities serving economic sectors. 

However, compared to the industrialized countries, this field of our country 

is left a long distance. Regarding welding technology, in general, there are 

still limitations, especially in the welding materials manufacturing industry. 

Therefore, the "Research on the quality of steel structural welds by automatic 

arc welding under the flux layer (SAW) domestically fabricated Aluminate-

Rutile (AR) ceramic" is very necessary. 

3. The goal of the thesis 

- Evaluate the impact of the ratio of TiO2, MnO2, SiO2 in the AR slag 

system ceramic flux on the quality of steel structure welds by SAW welding 

technology. 

- Establishing a mathematical function to represent the relationship 

between the proportion of batching components and the weld mechanical 

properties by empirical regression method. 

4. Object of study 

- Study on the composition of the AR ceramic flux batch material 

manufactured by domestic materials using SAW welding technology 

- Study the effects of the composition (TiO2, MnO2, SiO2) on weld quality 

(microscopic and mechanical structure) 

5. Scope of research 

- Quality weld for low carbon steel (Q235) and low alloy (Q460D), 20 to 

25 mm thick with V-beveled welds. 

- Evaluate the weld organization and the heat and mechanical affected 

area of the weld by using a standard sample from the test weld with the 

composition ratios of TiO2, MnO2, SiO2 in AR system ceramic solder. 

6. Research Methods 

Research methodology combines theory with experimentation, research 

and application of international and domestic research problems, thereby 

defining the research tasks of the topic and researching theoretical bases and 

constructing manufacturing technology steps combined with experimental 

fabrication of ceramic welding materials, Analyzing the effect of ceramic 

components on the quality parameters of the weld bond, Using the Taguchi 

method of experimental design combined with ANOVA analysis. Proceed to 
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prepare and fabricate ceramic flux with different mixing components, solder 

bond and welding equipment. Conducting sample welding test, fabricating 

test pieces according to standards to measure tensile strength, impact 

strength, hardness and microscopic structure. 

7. The scientific and practical significance of the topic 

7.1. Scientific significance: 

- Determining the effects of the composition ratios in the AR ceramic 

batches on the weld structure and mechanics by SAW welding technology. 

- Establish a mathematical function to represent the relationship between 

AR ceramic batch ratio and steel structure weld quality. 

- Using the OEC multifactor optimization method to determine the 

simultaneous effects of TiO2, MnO2, SiO2 components in ceramic batches on 

tensile strength, impact strength, weld metal hardness in micro research. 

- Select the appropriate ceramic batch composition when welding 

structures with low carbon and low alloy steels to meet the required 

mechanical properties. 

7.2. Practical significance: 

- The research results are the basis for the establishment of the process of 

fabrication of AR system ceramic flux with domestic materials to weld 

carbon steel and low alloy in the fabrication of mechanical structures by 

SAW welding technology. 

- The research results of the thesis can be used as a reference for the 

research on production of welding materials in SAW welding technology, 

electro-slag welding, manual arc welding 

- Introduce a simple and effective method of research and evaluation in 

determining the appropriate ceramic flux  and the degree of influence of 

these components on the mechanical properties of the weld. 

8. New contributions of the thesis 

- Determine the appropriate batch composition ratio of ceramic welding 

flux from domestic raw materials, apply in welding low-alloy steel and low-

carbon steel to ensure the best weld quality. 

- Construction of mathematical functions according to experimental 

regression method showing the relationship of each component with tensile 

strength, impact strength and weld metal hardness. At the same time, it is 

possible to quantify the influence of ingredients on mechanical and 

mechanical indicators within the research scope. 

-Applying OEC multi-objective optimization method to evaluate the 

simultaneous effects of the ratio of TiO2, SiO2, MnO2 in the AR ceramic 

system on weld properties and building a mathematical function showing the 
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relationship. in the AR ceramic flux to the mechanical properties of the weld 

and build a mathematical function that represents the simultaneous relationship 

of the welding flux components with the weld's mechanical properties. 

9. Thesis layout 

Including the introduction, a list of references, a list of published works 

related to the thesis, the appendix, is presented in 138 pages. The structure 

consists of 4 chapters: 

Chapter 1. Overview of research issues. 

Chapter 2. Theoretical study of automatic arc welding under ceramic flux. 

Chapter 3. Materials, equipment and experimental research methods. 

Chapter 4. Experimental study on effects of some batch components in 

ceramic flux on the quality of steel structure welds. 

 

CHAPTER 1. OVERVIEW OF RESEARCH PROBLEM 

1.2. Research on flux used in automatic welding technology under 

ceramic layer in Vietnam 

From the 1980s, began to fabricate and test fusing welding with electric 

arc furnace with platinum cup at the Institute of Machine Manufacturing 

Research - Ministry of Industry of Nguyen Thanh Kien, then at the Institute 

of Transportation Design Research Download done by Nguyen Van Thong, 

the research on manufacturing AHK-18 type ceramic welder to restore welds 

with large details requiring high hardness 40-45 HRC has been conducted by 

the group of experts from Institute of Mechanical Studies, Institute of 

Equipment. Transport Design and Welding Rod Factory Viet Duc, author 

Dao Hong Bach [15], has studied the process of reducing impurities in the 

solder. Identified the optimal conditions allowing impurity level <0.7% Fe; 

<0.08% P and <0.06% S. thereby lowering the cost of products to compete 

with imported ones. 

State level project in the period 1996 -2000 by PhD. Hoang Van Chau is 

in charge of: “Researching and putting into application in the production of 

advanced welding technologies, high-quality welding materials for 

shipbuilding, locomotive, chemical equipment, oil. gas and pressure 

equipment”[6] paved the way for the construction of a key Laboratory of 

Welding Technology and Surface Treatment at the advanced level in 

Southeast Asia by 2002. Nguyen Van Thong [9] project manager has 

completed technology of automatic flux manufacturing AH-348. In the topic 

of State level, code: KC.02.04/11-15 by TS. Vu Huy Lan [16], the author has 

researched, calculated, designed and completed the automatic sintered sinter 

production line under the ceramic layer.. Key ministerial level science and 
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technology project, period 2012-2014, code B2012-11-12 by Assoc.Prof.Dr. 

Dao Quang Ke  [1]. The project has also focused on the research on the 

production of ceramic welding flux, selected elements on the basis of the slag 

formation: Al2O3 - TiO2 - SiO2, the selection of raw materials, production, 

inspection of solder sample, compared with Indian solder flux A55 gives 

equivalent results. 

Most of the key projects in the fields of oil and gas, shipbuilding, 

chemical construction, thermal power, hydroelectricity use molten solder flux 

and imported  flux from the US and Japan , Korea, China, India.. are mainly. 

1.3. Research on welding flux, used in automatic welding technology 

under ceramic layer in the world 

In the study of SAW welding technology, the authors R. K. Chandra et al. 

[77] studied the addition of MnO2 and TiO2. The results showed that the 

percentage content of titanium has a great influence on the hardness. Arvind 

et al [18] added the TiO2 content, the increased levels of titanium in batches 

also improves toughness and ductility of the weld best within 14% titanium 

with 400A. IS ALREADY. Paniagua-Mercado [24] also studied the effect of 

composition on the structure and strength of welds. Evaluate the effect of the 

composition on the grain shape in the SAW weld. Brijpal Singh [33] also 

pointed out that weld mechanics is not only determined by the chemical 

composition, but also by the grain shape, size and batch composition 

properties. Chandra R.K. [39] added 9, 13,5, 18% titanium and 1,4, 1,8, 2.0% 

manganese in ceramic batches, the MS 1025 steel weld was investigated, the 

main effect of MnO2 was to make increase the ductility of the weld metal 

and lose some tensile strength due to TiO2. Effect of welding parameters in 

different modes arc welding under fluxing pottery class (SAW) Junaid 

Yawar và Harvinder Lal [53] The study shows that welding voltage, welding 

current intensity, welding speed and electrode size influence flux 

composition. Through the above studies shows that the quality of SAW steel 

welds depends largely on the welding mode and the composition of the 

welding materials [55-57, 59, 60]. 

Conclusion chapter: 

  Through learning and research in the country and abroad for SAW 

welding technology has some conclusions: 

SAW technology has been studied by many domestic and international 

authors on materials, technology, productivity and quality ... But research 

on SAW mainly focused on studying the effects of the main parameters, the 

relationships between the batching components TiO2, SiO2, Al2O3.... 

However, there is no work to mention the influence of the parameters TiO2, 
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SiO2, MnO2 on the structure and mechanical properties of the weld. There is 

no work to mention the influence of parameters TiO2, SiO2, MnO2 on the 

structure and mechanical properties of the weld. The goal of this study is to 

combine AR ceramic welding materials, using domestic raw materials, to be 

proactive in technology as well as materials to weld low-alloy and low-

carbon steel to work in a static load environment. and the dynamic load is 

stable. thus reducing dependence on imports. 

 

CHAPTER 2. THEORETICAL RESEARCH ON THE HO QUANG 

WELDING PROCESS UNDER Ceramic CLASS 

2.2. The effect of some alloying components in ceramic welding flux 

2.2.1. Titanium oxide  

The addition of TiO2 showed improved toughness and mechanics the 

ferrite iron formation, the structure of the weld consisting of ferrite and 

vanadium peclite and other oxides, The steel samples were tested in a -20 ° 

C environment. 

2.2.2. Manganese oxide 

Effect of manganese oxide, in the range 18 to 22%, on microstructure and 

mechanical properties tested, welded metal composition with impact 

properties at 22% manganese oxide, 

2.2.3. Silicon Oxide 

Key properties such as better slag separation, arc stability and alloying. 

The conversion of slag and weld metal is due to the combination of the 

welding wire and the chemical composition of the ceramic flux 

2.4.3. Classification of welding slag 

2.4.3.1. Classification by acidity or base 

- Acid solder slag when A> 1; 

- Base solder slag when B> 1; 

- Average solder slag when A = 1; 

2.4.3.2. Classification by activity 

According to [14] the values of the calculation of the activity (H) of the 

solder slag are divided as follows: 

-  High active slag when H> 0.6; 

- Activated slag when H = 0.6 ÷ 0.3; 

- Low activated slag when H = 0.3 ÷ 0.1; 

- Neutral slag when H ≤ 0.1; 

Conclusion chapter 2 

From the above content, there are the following conclusions: 
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 The basic components of ceramic welding flux have been classified 

and determined, and the advantages and disadvantages of each type have 

been evaluated as a scientific basis for the selection of experimental 

conditions. 

 Researched the properties of ceramic welding flux materials, the 

effects of some alloying components on the quality of steel structures 

 From the above theoretical studies as a scientific basis to select the 

values of welding technology parameters and manufacturing technology 

solutions suitable to the existing equipment conditions in Vietnam. 

experiment for dissertation topic. 

 

CHAPTER 3. MATERIALS, EQUIPMENT AND EXPERIMENTAL 

RESEARCH METHODS 

3.1. Material 

3.1.1. The base metal used in research 

According to GB / T1591-2008 [48] standard, there are 30 types of low 

carbon steel and low alloy steel, of which grades 20, 25 are called steel 

number 3. Steel is classified into 4 groups A, B, C , D guarantee of 

mechanical features, chemical composition or both 

3.1.1.1. Low carbon steel 

Q235 low carbon steel according to Chinese standard GB / T700-2006 

[45.89] with a content of not more than 0.20% carbon is used as the base 

metal 

3.1.1.2. Low alloy steel  

Q460D low-alloy steel according to Chinese GB / T1591-2008 standard 

contains up to 0.2% C of the soft steel group (0.15 ÷ 0.29% C) which is most 

widely used in industry 

3.1.1.3. Weld types used in research  

The shape and dimensions of low alloy steel Q460D and low carbon steel 

bond Q235 according to AWS D1.1 [19] standards are illustrated in Figures 

3.1a and 3.1b, respectively. 

  
a. Steel Q460D b. Steel Q235 

Figure 3.1. Experimental welding sample 
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3.1.2. Technological process creating ceramic content. 

Table 3.6. Input variable levels 

The variable factors % MnO2 Z1 % TiO2 Z 2 % SiO2 Z 3 

Above level (Z i = +1) 22 12 16 

Base level (Z i = 0) 20 10 14 

Lower level (Z i = - 1) 18 8 12 

Variable range (∆) 2 2 2 

Changing the above 3 components to assess the quality of weld metal, in 

the Aluminate – Rutile ceramic flux, the main chemical components are: 

Al2O3 (39-41%), TiO2 (9-11%), SiO2 (13-15%), MnO2 (19-21%). 

3.1.2.9. Domestic raw materials use ceramic welding flux fabrication 

Raw materials used to fabricate ceramic welding fluxes, mostly produced 

in the country for good and stable quality, these materials are present in many 

parts of our country [1.13]. 

3.3. Simulation method of welding process by Sysweld software 

Simulation can help a researcher to control temperature fields, the 

distribution of residual stresses or weld deformations and in experimental 

studies are often very expensive both financially and in time. Through 

simulation, it is possible to choose the appropriate welding technology 

parameters [2, 4] and remarkable results have been obtained. 

3.4. Methods of experimental research 

The author has applied experimental planning according to the Taguchi 

method [40, 44]. This is a method widely used in engineering, especially in 

the mechanical field. 

3.4.1. Planning the test 

Table 3.14. Experimental planning on Taguchi array L9 

Number of 

experiments 

TiO2  

(%) 

MnO2  

(%) 

SiO2  

(%) 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 2 1 2 

5 2 2 3 

6 2 3 1 

7 3 1 3 

8 3 2 1 

9 3 3 2 

Currently there are many methods [7] to establish conditions and conduct 

experiments for a set of 3 parameters, each parameter 3 levels such as orthogonal 
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planning method level 1, level 2 or experimental design method Taguchi ..  

3.4.2. Calculation, welding mode selection 

Bảng 3. 17 Table parameters associated regime butt welded steel Q460D 

Layer Wire 

diameter 

d(mm) 

Welding 

current 

intensity Ih (A) 

Welding 

voltage 

Uh (V) 

Welding 

speed Vh 

(m/h) 

Sugar 

energy qd 

(cal/cm) 

1 2 350 31 23 3260 

2,3…14 2 360 32 22.2 3586 

Bảng 3. 18 Table parameters associated regime butt welding Q235 

Layer Wire 

diameter 

d(mm) 

Welding 

current 

intensity Ih (A) 

Welding 

voltage 

Uh (V) 

Welding 

speed Vh 

(m/h) 

Sugar 

energy qd 

(cal/cm) 

1 2 350 31 23 3260 

2,3…8 2 360 32 22.2 3586 

Conclusion chapter 3 

- Researched and calculated the problem of the distribution of ceramic 

welding flux according to ISO 14174 - 2004 standards, selected the survey 

area for the factors% MnO2: 18 ÷ 22,% TiO2: 8 ÷ 12,% SiO2: 12 ÷ 16%. 

- Select base metal and related standards, check weld quality, simulate 

welding process by specialized Sysweld software. 

- Experimental design of Taguchi with suitable orthogonal array (L9 

array), and at the same time applying ANOVA analysis to determine the 

rational level and influence value of TiO2, MnO2, SiO2 components in the 

flux batch ceramic to the required mechanical properties. 
 

CHAPTER 4. EXPERIMENTAL STUDY OF INFLUENCE 

OF SOME MATERIAL COMPOSITION IN  WELDING FLUXES  TO  

QUALITY OF STEEL  WELDING STRUCTURE 

4.1. Simulate number of temperature fields when automatic arc welding 

under ceramic layer 

4.4.1. Simulation results 

Minimum temperature in the link Min = 53.2
o
C at the (noude) 81993 node is 

the area outside the heat source. Maximum temperature in the connection Max = 

4931.17
o
C at node 312 is the center of the heat source (Figure 4.1). 

 
a. Solder bonding simulation, b. Experimental welding bond 

Figure 4.1. Cross section of welded lin 
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4.2. Experimental weld size shape 

The good molten solder flux covers the entire surface of the welding tank, 

after finishing welding, just lightly tap all the solder slag to peel off nearly 

100%, the weld is smooth, clean, and no gas pitting. 

4.3. Organizing the weld metal and heat affected zone 

Steel Q460D - Model 5 (112), figure 4.6. 

 The organization includes: 

  - Welds: ferritic bright colors, with a little perlite, TiC 

powder with dark colors and impurities. 

 - HAZ: Ferrite light color, with a little dark color Peclite

 
a. Weld area b. Heat affected zone 

Figure 4.6. Sample organization 5 Q460D uses steel with a ceramic flux 

content of 10% TiO2, 14% SiO2, 22% MnO2

 
a. Weld area b. Heat affected zone 

Figure 4.7. Sample organization 5 Q460D uses steel with a ceramic flux 

content of 12% TiO2, 16% SiO2, 20% MnO2 

Steel Q460D - Model 9 (221), figure 4.7. 

The organization includes: 

 - Welding: Ferrite with a shining color, mixed with a little peclite, 

dark in color and mixed with impurities 

- HAZ: Ferrite light color, with a little dark color Peclit

 
a. Weld area b. Heat affected zone 

Figure 4.8. Sample organization 5 Q460D uses steel with a ceramic flux 

content of 10% TiO2, 14% SiO2, 22% MnO2 
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Steel Q235 - Template 5 (112), figure 4.8. 

The organization includes: 

- Welding: Ferrite with a shining color, mixed with a little peclite, dark in 

color and mixed with impurities 

- HAZ: Ferrite light color, with a little dark color Peclit  

 
        a. Weld area  b. Heat affected zone 

Figure 4.9. Sample organization 5 Q460D uses steel with a ceramic flux 

content of: 12 % TiO2, 16% SiO2, 20% MnO2 

Steel Q235 - Model 9 (221), figure 4.9. 

The organization includes: 

- Welding: Ferrite with a shining color, mixed with a little peclite, dark in 

color and mixed with impurities 

- HAZ: Ferrite light color, with a little dark color Peclit 

Remarks: 

The amount of titanium carbide (TiC) increased in the weld, the welded 

patterns for the organization include ferrite, peclite, and carbide. Two types 

including light and dark color, were observed, analyzed organizations of the 

cover shows the presence of TiC. In contrast, dark coverage showed almost 

no TiC concentration. 

4.4.Findings of the weld's mechanical properties 

4.4.1. Welding metal hardness and heat affected area 

4.4.1.1. Steel Q235 

Welding samples with a MnO2 content of 22% for Weld hardness 

(WH) and Heat affected zone (HAZ) the highest, especially sample No. 5 

for hardness 217 (HV) in (HAZ) and 190 (HV) In WH, samples 3, sample 

5 and sample 7 correspond to SiO2 at 12,14,16%, of which at 14% it 

reaches 217 (HV) in HAZ, 190 (HV) in WH, the The difference in 

samples 5 and 7 is negligible, the hardness is proportional to the MnO2 

content in the ceramic flux in samples 5 and 7 and inversely to the SiO2 

content, the material batch components give hardness. highest in weld 

metal with 22% MnO2 (Table 4.1) 
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Table 4.1. The results of the steel sample hardness test Q235 are in 

accordance with TCVN 258-1: 2007 

numerical 

order 
Code TiO2 (%) SiO2 (%) 

MnO2 

(%) 

Stiffness (HV) 

Heat affected zone 

(VAHN) 

Weld area 

(VMH) 

1 0 8 12 18 179 157 

2 11 8 14 20 185 162 

3 22 8 16 22 193 164 

4 101 10 12 20 198 166 

5 112 10 14 22 217 190 

6 120 10 16 18 209 185 

7 202 12 12 22 212 187 

8 210 12 14 18 196 168 

9 221 12 16 20 187 157 

4.4.1.2. Q460 steel 

With a constant concentration of 8% TiO2 in samples (1, 2, 3) with 10% 

TiO2, in samples (4, 5, 6) and 12% TiO2 in samples (7, 8, 9), other hardness 

is proportional to the content in welding flux MnO2 (Table 4.1). The 

hardness in Table 4.2 is inversely proportional to the MnO2 content in HAZ 

and WH, samples No. 1, No. 6, No. 8 with 18% MnO2, the difference is 

insignificant, in samples 2,4,9 with function The amount of 20% MnO2 

showed the lowest hardness in HAZ and WH, but with 4 samples, hardness 

in WH was only 234 (HV). 

Table 4.2. Results Q460 steel sample hardness test according  

to TCVN 258-1: 2007 

numerical 

order 
Code 

TiO2  

(%) 

SiO2 

 (%) 

MnO2 

(%) 

Stiffness (HV) 

Heat affected zone 

(VAHN) 

Weld area 

(VMH) 

1 0 8 12 18 258 161,0 

2 11 8 14 20 248 155,0 

3 22 8 16 22 287 164,0 

4 101 10 12 20 234 156,0 

5 112 10 14 22 269 180,0 

6 120 10 16 18 252 162,0 

7 202 12 12 22 268 178,0 

8 210 12 14 18 261 160,0 

9 221 12 16 20 258 161,0 

4.4.2. Tensile 

Welding samples with an MnO2 content at 22% give relatively uniform 

strength, the difference between samples (5,7) is not too large, and sample 

(3) is different than the rest (5 , 7), (table 4.3). 
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Table 4.3. Sample tensile test results, TCVN 197: 2002 steel Q235 

numerical 
order 

Code 
TiO2 

(%) 
SiO2 

(%) 
MnO2 

(%) 

Thép Q235 

Flow 
limit 

(MPa) 

Tensile 
(MPa) 

Relative 
elongation 

(%) 

1 0 8 12 18 536 592 25 

2 11 8 14 20 534 613 27 

3 22 8 16 22 587 628 25 

4 101 10 12 20 533 614 22 

5 112 10 14 22 515 581 22 

6 120 10 16 18 569 623 15 

7 202 12 12 22 517 546 20 

8 210 12 14 18 494 571 15 

9 221 12 16 20 582 641 24 

With the denominator (1,6,8) at 18% MnO2 there is a relatively large 

difference in yield strength and tensile strength, but the relative elongation 

in sample (1) is much larger than that of samples (6.8) in the middle 

threshold, with a 20% MnO2 sample (9) yield a yield limit of 582 (MPa) 

and a maximum strength of 641 (MPa). From the results above it is 

concluded that the addition of 2% MnO2 in batches of material help refine 

the structure of the welds more it improves the durability of the weld 

Table 4.4. The result of tensile test is according to TCVN 197: 2002 of 

steel Q460 

numerical 
order 

Code 
TiO2 
(%) 

SiO2 

(%) 
MnO2 
(%) 

Thép Q460 

Flow 
limit 

(MPa) 

Tensile 
(MPa) 

Relative 
elongation 

(%) 

1 0 8 12 18 489 587 27 

2 11 8 14 20 420 454 13 

3 22 8 16 22 430 564 27 

4 101 10 12 20 601 669 26 

5 112 10 14 22 478 566 27 

6 120 10 16 18 605 674 25 

7 202 12 12 22 536 634 24 

8 210 12 14 18 603 671 17 

9 221 12 16 20 610 680 22 

Welding samples with an MnO2 content at 22% give relatively uniform 

strength, but compared to the remaining levels (18, 20%), the durability of 

the samples is greatly reduced, the difference between the denominators (3 , 

5) not too large, with denominator (7) having more differences than the rest 

(3,5), however at this level, the strength of the weld decreases relative when 



 13 

increasing the percentage of MnO2 up ( 22%), (table 4.4)  

4.4.3 Impact toughness 

Table 4.5. Results of the steel sample impact test Q235, according to 

TCVN 312-1: 2007, TCVN 258-1: 2007 

numerical 
order 

Code TiO2 (%) SiO2 (%) 
MnO2 
(%) 

Steel Q235 

Impact toughness (J) 

1 0 8 12 18 57 

2 11 8 14 20 28 

3 22 8 16 22 36 

4 101 10 12 20 28 

5 112 10 14 22 61 

6 120 10 16 18 42 

7 202 12 12 22 31 

8 210 12 14 18 47 

9 221 12 16 20 42 

 At 18% MnO2 (Table 4.5), corresponding to 12, 14, 16% SiO2, the 

impact strength has a difference but not too large as the samples (1, 6, 8), 

this proves the The influence of Mn on the weld metal properties is very 

large, in which sample (5) has an impact strength of 61 (J), the ability to 

use longer (Table 4.5). This criterion is very important when the weld 

works under high dynamic load conditions 

Table 4.6. The results of the impact test of steel sample Q460D comply 

with TCVN 312-1: 2007, TCVN 258-1: 2007 

numerical 

order 
Code 

TiO2 

(%) 

SiO2 

(%) 

MnO2 

(%) 

Steel Q460D 

Impact toughness (J) 

1 0 8 12 18 49,0 

2 11 8 14 20 57,0 

3 22 8 16 22 60,0 

4 101 10 12 20 28,0 

5 112 10 14 22 64,0 

6 120 10 16 18 38,0 

7 202 12 12 22 45,0 

8 210 12 14 18 48,0 

9 221 12 16 20 20,0 

Remarks: 

-  The stability limit of the 3 samples did not change according to the 

law of increasing or decreasing content (TiO2, SiO2, MnO2), but the attention 

here was that the strength limit of the denominator (1) increased suddenly, 

when TiO2, SiO2, MnO2 at lower level, at 18% MnO2, corresponding to 12, 

14, 16% SiO2, the impact toughness has a big difference in samples (1, 6, 8), 
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this proves the influence of MnO2 The mechanical strength of the weld metal 

is very large, in which sample (5) has an impact strength of 64 (J) 3 times 

more than that of sample (4, 9), That shows the reasonableness when 

increasing the MnO2, TiO2, SiO2 content in the middle threshold leads to a 

sharp increase in tensile strength, yield limit and decrease impact toughness, 

elongation means a decrease in concentration. MnO2, SiO2 will decrease σb, 

σch, and increase. This criterion is very important when the weld works 

under high dynamic load conditions. Similar at 20%, 22% MnO2, most 

samples had lower impact toughness (5, 8, 9) than the rest (table 4.6).  

4.5. Study the effect of the component ratio TiO2; SiO2; MnO2 come the 

mechanical properties of the weld connections 

4.5.1. Effect of each pair of parameters (TiO2, SiO2), (SiO2, MnO2), (TiO2, MnO2) 

4.5.1.2 As for steel Q460 

Using the software Matlab, build function empirically correlated 

polynomial form level 2 according to the assessment elements with each 

pair taking the following two factors: 
2 2

1 2 0 1 1 2 2 3 1 4 1 2 5 2( , )f x x a a x a x a x a x x a x       

The above function is determined by the experimental data tables 

corresponding to the evaluation criteria, yield limit (MPa), elongation (%), 

impact strength (J) and hardness (HV) according to each pair of variables 

(x1 = TiO2, x2 = SiO2), (x1 = SiO2, x2 = MnO2) and (x1 = TiO2, x2 = SiO2). 

Table 4.9. Relational function correlates with each pair of parameters 

Steel Q460D 

evaluati

on 

criteria 

Parameter pair a0 a1 a2 a3 a4 a5 R RMSE 

Flow 

limit 

(MPa) 

(x1=TiO2, x2= SiO2) 579,2 59,18 -36,5 -37 -1,51 -17,1 0,890 42,79 

(x1=SiO2, x2= MnO2) 515,6 -36,5 1,56 -17,1 -41,7 34,6 0,655 85,225 

(x1=TiO2, x2= MnO2) 533,2 59,18 1,56 -37 24,94 34,6 0,830 53,278 

Elongati

on (%) 

(x1=TiO2, x2= SiO2) 23,22 -0,58 1,299 -3,25 1,31 3,125 0,667 5,721 

(x1=SiO2, x2= MnO2) 16,22 1,299 -0,43 3,125 0,937 4,63 0,664 4,721 

(x1=TiO2, x2= MnO2) 21,89 -0,57 -0,43 -3,25 -0,38 4,63 0,679 5,17 

Impact 

(J) 

(x1=TiO2, x2= SiO2) 32,89 -7,65 4,91 2,38 -2,63 11,75 0,712 12,85 

(x1=SiO2, x2= MnO2) 45,89 4,91 -0,58 11,75 4,88 -12,3 0,809 10,447 

(x1=TiO2, x2= MnO2) 54,2 -7,65 -0,58 2,38 -6,75 -12,3 0,786 11,072 

Stiffness 

(HR) 

(x1=TiO2, x2= SiO2) 170,3 2,74 5,63 -7,13 2,81 2,63 0,863 5,510 

(x1=SiO2, x2= MnO2) 162,7 5,63 -4,04 2,63 -2,81 1,5 0,710 8,023 

(x1=TiO2, x2= MnO2) 171,3 2,74 -4,04 -7,12 -3,75 1,5 0,719 7,888 

Note: R is the correlation coefficient; The RMSE is the square deviation. 
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Based on the correlation function with each pair of parameters (Table 

4.9), using Matlab software to draw 3D graphs, showing the distribution of 

the effect of the percentage for the evaluation criteria of the experimental 

parameters with% batch of data (Figure 4.12). 

 
a .                                                 b.                                          c 

Hình 4.12. Distribution of the influence of the ratio of parameter pairs 

on the evaluation criteria of Q460D welded steel. 

a. Ratio of TiO2 and SiO2, b. Ratio of TiO2 and MnO2, c. Ratio of SiO2 and 

MnO2. 

With 8% TiO2 giving impact toughness 55.3 (J), 16% SiO2 reached 56.3 

(J) and 56.3 (J) at 22% MnO2 for the highest impact toughness, TiO2 is 

inversely proportional to the% increase of the composition, SiO2, MnO2 is 

proportional to the% ceramic solder  That proves that when increasing the 

content of% TiO2, MnO2 in the batch, it will also lead to an increase in the 

impact toughness of the weld metal (Table 4.10). 

Table 4.10. Criteria of batches with 9 welded steel samples (Q460D) 

Indicators 
TiO2 SiO2 MnO2 

8% 10% 12% 12% 14% 16% 18% 20% 22% 

Medium flow limit 

(MPa) 
446.3 561 542 542 500,3 548,3 565,6 543,6 481,3 

Average elongation 

(%) 
22,3 26 21 25,6 19 24,6 23 20,3 26 

Medium impact 

toughness (J) 
55,3 43,3 37,6 40,6 38,3 56,3 45 35 56,3 

Medium hardness 

(HV) 
160 172,6 166,3 171,6 165 162,3 161 164 174 

For steel Q235 

Perform the same steps as for steel Q460D, we get the correlation 

function with each pair of numbers for steel sample Q235 
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Table 4.11. Relational function correlates with each parameter pair of 

welded steel sample Q235 

Targ

ets 
Parameter pair a0 a1 a2 a3 a4 a5 R RMSE 

Flow 

limit 

(MPa) 

(x1=TiO2, x2= SiO2) 541,6 -13,6 2,89 -1,75 -5,25 -2,5 0,718 39,739 

(x1=SiO2, x2= MnO2) 516,6 2,89 17,61 -2,5 6,94 26 0,817 19,924 

(x1=TiO2, x2= MnO2) 515,9 -13,6 17,61 -1,75 -3,01 26 0,988 4,98 

Elonga

tion 

(%) 

(x1=TiO2, x2= SiO2) 22,33 -2,59 1,73 2,25 0,94 -3 0,907 2,141 

(x1=SiO2, x2= MnO2) 24 1,73 -0,43 -3 2,81 0,375 0,772 3,35 

(x1=TiO2, x2= MnO2) 19,33 -2,59 -0,43 2,25 0,75 0,375 0,727 4,831 

Impa

ct (J) 

(x1=TiO2, x2= SiO2) 35 -0,14 -2,59 -2,63 0,937 9,75 0,658 15,632 

(x1=SiO2, x2= MnO2) 36,67 -2,59 0,577 9,75 3,75 -4,5 0,902 14,105 

(x1=TiO2, x2= MnO2) 47,67 -0,14 0,577 -2,63 6 -4,5 0,707 16,337 

Stiffn

ess 

(HV) 

(x1=TiO2, x2= SiO2) 171,3 4,19 4,47 -10,9 2,25 10,12 0,819 9,068 

(x1=SiO2, x2= MnO2) 164,3 4,47 -0,58 10,12 -9,56 -3 0,884 7,267 

(x1=TiO2, x2= MnO2) 183 4,186 -0,58 -10,9 -6,94 -3 0,685 11,978 

Note: R is the correlation coefficient; The RMSE is the square deviation. 

Based on the correlation function with each pair of parameters (Table 

4.11), using Matlab software to draw 3D graphs, showing the distribution of 

the effect of the percentage for the evaluation criteria of the experimental 

parameters with% batch of raw materials (Figure 4.13). 

 
Figure 4.13. Distribution of the influence of parameter pairs on the 

evaluation criteria of Q235 welded steel sample 

a. Ratio of TiO2 and SiO2, b. Ratio of TiO2 and MnO2, c. Ratio of SiO2 and 

MnO2 

Batch composition has a significant impact on hardness, impact strength 

and tensile strength. However, this content only analyzes the effect of the 

pairing ratio (TiO2, SiO2), (SiO2, MnO2), (TiO2, MnO2) on the weld's 

mechanical properties. The next part of the thesis will evaluate the effects 

of both TiO2, SiO2, and MnO2 ratios on the weld's mechanical properties 

(table 4.12). 
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Table 4.12. The targets of the batch of sample material to 9 welded steel 

(Q235) 

Indicators 

 
TiO2 SiO2 MnO2 

8% 10% 12% 12% 14% 16% 18% 20% 22% 

Medium flow 

limit (MPa) 
594 539 531 528 514,3 576 533 549,6 536,3 

Average 

elongation (%) 
25,6 19,6 19,6 22,3 21,3 21,3 18,3 24,3 22,3 

Medium impact 

toughness (J) 
40,3 43,6 40 38,6 45,3 40 48,6 32,6 42,6 

Medium 

hardness (HV) 
161 180,3 170,6 170 173,3 168,6 170 161,6 180,3 

4.5.2 The effects of simultaneously the proportions of components TiO2, 

SiO2, MnO2 

4.5.2.1. For steel welding pattern Q460D 

Using analysis of variance (ANOVA) to evaluate the effects of the 

ratios of TiO2, SiO2, MnO2on the mechanical parameters.    

 Effect of the ratios of TiO2, SiO2, MnO2 on the weld strength 

With 3 elements, each element 3 above the level we choose orthogonal 

arrays is array L9, then we have 9 test conditions as 9 rows (Table 4:14). 

Table 4.14. Test conditions, measurement results and S / N ratio of 

tensile strength 

numeric

al order 
Code 

TiO2  

(%) 

SiO2  

(%) 

MnO2 

(%) 

σb 

(MPa) 
2

iy  
MSD  

(10
-6

) 
S/N 

1 0 8 12 18 587 34456

9 

2.90 55.3

7 2 11 8 14 20 454 20611

6 

4.85 53.1

4 3 22 8 16 22 564 31809

6 

3.14 55.0

3 4 101 10 12 20 669 44756

1 

2.23 56.5

1 5 112 10 14 22 566 32035

6 

3.12 55.0

6 6 120 10 16 18 674 45427

6 

2.20 56.5

7 7 202 12 12 22 634 40195

6 

2.49 56.0

4 8 210 12 14 18 671 45024

1 

2.22 56.5

3 9 221 12 16 20 680 46240

0 

2.16 56.6

5 Based on the results of S / N calculation in (table 4.14) and applying the 

formulas from (4- 1) to the formula (4-11), we can calculate the parameters 

of the analysis of variance ANOVA, 

Based on the experimental results, according to the analysis of variance from 

the formula (4.1) to (4.11), it is possible to draw the chart of the classification of 

factors and the chart of influence percentage of factors such as ( Figure 4.14) 

below. Note X, Y, Z are TiO2 factors, respectively; SiO2; MnO2 
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Figure 4.14. Hierarchy chart of the factors for the tensile strength  

of the weld 

a) Classification of TiO2; b) Classification of  SiO2; c) Classification of 

MnO2 

 The appropriate level of the factors for maximum tensile strength is 

TiO2 level 3, SiO2 level 3 and MnO2 level 1. The predicted tensile value is: 

3 3 1( ) ( ) ( ) 723 ( )optY T X T Y T Z T Mpa         

Based on the effect distribution graph of parameters TiO2 level 3; SiO2 and 

MnO2 to tensile weld was found that TiO2 has the most impact is 63.69%, 

SiO2 affected at lower levels is 24.13%, the smallest influence MnO2 12.78%. 

From this distribution shows that when it is necessary to design a weld with a 

large tensile strength, it is advisable to adjust the TiO2 ratio. 

Combined with regression equation was built just find the graphs denotes the 

influence of the drug batch soldering components (Figure 4.16).

 
Figure 4.16. Graph of the dependence of the tensile strength on each 

batch of solder at the optimum level in 3D power 

Effect of the ratio of TiO2, SiO2, MnO2 on the hardness of the weld 

Similar from the results of the weld hardness test, we also determine the 

appropriate level of the ratios of TiO2, SiO2, MnO2 in the welding flux as 

shown in the chart (Figure 4.17) below: 

 
Figure 4.17. Gradation chart of the factors for the hardness of the weld 

a) Classification TiO2; b) Classification SiO2; c) Classification MnO2 
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         With the larger the quality characteristic is the better, the better fit of 

the factors to have the greatest hardness is TiO2 level 3, SiO2 level 1 and 

MnO2 level 3. The predicted hardness values are:

3 1 3( ) ( ) ( ) 177,11( )optY T X T Y T Z T Mpa       
 

From the above results we have a graph showing the influence of the 

ratios of TiO2, SiO2, MnO2 on the hardness of the weld (Figure 4.19). 

 
Figure 4.19. Hardness dependency graph into each ceramic flux at the 

optimum level in the form of 3D powers  

 Effect of the ratios of TiO2, SiO2, MnO2 on the weld impact 

resistance 

 
Figure 4.20. Classification chart of the factors for impact toughness of 

the weld 

a) TiO2 classification, b) SiO2 classification, c) MnO2 classification 

 From Figure 4.20 we see the suitable levels of the ratios of TiO2, SiO2 

and MnO2 to reach the maximum impact toughness respectively: 1,2,3. The 

predicted impact toughness value of the weld when using welding flux with 

TiO2 ratios; SiO2 and MnO2 in the above are:

1 2 3( ) ( ) ( ) 77,11( / 2)optY T X T Y T Z T J cm         

        Based on the distribution chart of the influence of parameters on the 

hardness of the weld, we find that: The factors TiO2, SiO2, MnO2 affect quite 

evenly on the impact toughness of the weld. Their percentage of influence 

was nearly equal, at 28.58%, 31.4% and 40.02%, respectively. But their 

effects tend to impact toughness of welds is forward or reverse should be 

clarified in order to have a choice in whether the drug distribution welded 

accordingly. To solve this problem, we also give a regression function between 
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impact toughness and factors TiO2, SiO2, MnO2. Proceed as for weld strength, 

we have the following relationship (Figure 4.22): 

 
Figure 4:22  the dependence of toughness bump into each batch of 

ceramic flux optimal under exponential form 3D 

 Identify the percentage of TiO2, SiO2 and MnO2 meet the criteria 

and mechanical properties. 

  In the above section we see that the ratios of TiO2, SiO2 and MnO2 all 

affect the weld's mechanical properties. But the rule of influence of each 

parameter on each mechanical parameter is different. For each indicator we 

have found the mechanical properties appropriate level and trend of the 

impact of the distribution through the elements and build interpolation 

function. However as we have seen, the best design for this indicator may not 

be appropriate for other criteria. To overcome this and ensure the found TiO2, 

SiO2 and MnO2 ratios can satisfy many criteria simultaneously, we will use 

the overall rating index (OEC) to solve the problem.multi-objective 

optimization 

.  

Figure 4.23: Level chart of TiO2, SiO2 and MnO2 ratios for overall 

evaluation index OEC 

Looking at the chart Figure 4.23 classification (Figure 4.23) of the 

factors we see that: For the highest OEC, the optimal levels of the ratio 

TiO2, SiO2 and MnO2 are respectively levels 3,1,3 

4.5.2.2. For steel welding pattern Q235 

Carry out the same experiment for steel sample Q235 with ceramic flux, 

with the ratio of components as done with Q460D steel, we get the results 

of mechanical properties as (Figure 4.25). 
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a) Balance the ratio of TiO2, SiO2, MnO2 coming  the strength of the weld 

 
b) Leveling the ratios of TiO2, SiO2, MnO2 coming the weld impact toughness 

 
c) Level the ratio of TiO2, SiO2, MnO2 coming the hardness of the weld 

Figure 4.25 Classification of the ratios of TiO2, SiO2, MnO2 to the weld 

mechanical characteristics when welding Q235 steel 

With specific requirements on quality, the larger the better the fit of the 

components of  welding fluxes to tensile largest TiO2 level 1, level 3 and 

MnO2 SiO2 level 2. To achieve the greatest impact toughness, the suitable 

levels of the components TiO2, SiO2, MnO2 are level 2 respectively; level 2 

and level 1 and to achieve maximum hardness, the appropriate level of 

components TiO2, SiO2, MnO2 will be 2,2,3 respectively. 

The results of interpolation functions of 3 weld mechanical properties are 

as follows: 

- Function interpolation of weld strength with 3 elements TiO2, SiO2, MnO2 

  b  =  487,06.X
-0,105 

Y
0,26

 Z
-0,08 

         (4-22) 

- Function interpolation of weld impact strength with 3 elements TiO2, 

SiO2, MnO2 

  Ak =  218,73X
0.062

Y
0,308

Z
-0,89         

(4-23)
 

- Function interpolation of weld hardness with 3 factors TiO2, SiO2, 

MnO2 

  Hv  = 50,03X
1,55

Y
-0.022

Z
0,28

       (4-24) 
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a) 3D graph of weld strength criteria

 
b) 3D graph of weld impact strength criterion

 
c) 3D graph of the weld hardness index 

Figure 4.27 Graphs of dependence of Durability, impact toughness and 

hardness  into each batch of data flux at optimal level in the form of  

3D powers. 

Remarks: 

- From the interpolation functions (4-22) and graph 4.27a we see tensile 

strength proportional to SiO2 and inversely proportional to TiO2 and MnO2. 

When SiO2 increases, tensile strength increases, TiO2 and MnO2 increases, 

tensile strength decreases. 

- From the interpolation function (4-23) and graph 4.27b we see the 

impact toughness proportional to TiO2 and SiO2, inversely proportional to 

MnO2. When TiO2 and SiO2 are increased, the impact toughness increases, 

the MnO2 increases, the impact toughness decreases. 

- From the interpolation function (4-24) and graph 4.27c we see that 

hardness is proportional to TiO2 and MnO2, inversely proportional to SiO2. 

When TiO2 and MnO2 increases, hardness increases, SiO2 increases, hardness 

decreases. 
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Conclusion chapter 4 

1) Simulation results can preliminarily assess the suitability of the 

selected set of welding parameters based on the temperature field distributed 

in the weld joint as well as the weld cross-sectional shape. From there, it will 

reduce the number of experimental welding times to find the appropriate 

welding mode to avoid heat defects. 

2) Has selected batch of material to weld steel  Q460 with 8% TiO2, 12% 

SiO2, 18% MnO2 and 12% TiO2, 16% SiO2, 20% MnO2 and steel Q235 with 

10% TiO2, 14% SiO2, 22% MnO2 and 12% TiO2, 16% SiO2, 20% MnO2, … 

3) Using Taguchi's experimental design method and analyzing the 

identified ANOVA variance: 

- Appropriate levels of solder material batch composition ratios for the 

target function of the highest tensile strength, hardness and impact toughness, 

and the ratio of the effects of the above parameters to each mechanical 

parameter Weld calculation is also calculated specifically. 

-  Built a mathematical model showing the relationship between the 

mechanical properties with the ratio of TiO2, SiO2, MnO2 by the regression 

nonlinear, which reviews trends influence of the proportion of TiO2, SiO2, 

MnO2 to mechanical properties of the weld. 

4)The results show that MnO2 has the most influence on OEC or in other 

words it affects the mechanical properties of welds the most (71.66%). Next 

is TiO2 (27.91%) and finally SiO2 (0.43%). The optimal level of the ratio of 

TiO2, SiO2 and MnO2 respectively levels 3,1,3 

 

 

GENERAL CONCLUSION 

From the research results of the thesis can draw the following 

conclusions: 

1) Through general research at home and abroad shows that  welding flux 

has been produced on a large industrial scale in developed countries, while in 

Vietnam for many different reasons, the research and development 

manufacturing this flux has many limitations, especially in commercial 

production. 

2) By calculation method, it has determined the proportion of material 

batch composition from domestic available raw materials to fabricate AR 

system ceramic flux. These results have been applied to the experimental. 

3) Experiments were conducted according to the design of Taguchi. 

Through analysis of variance ANOVA has been determined: 
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- The composition ratio of TiO2, SiO2 and MnO2 depends on the strength, 

hardness and impact toughness of the weld metal. 

- Interpolation function performed mathematical relationship of the 

composition ratio batch fluxing materials to the mechanical properties of the 

weld: 

For steel Q460D, regression equation of tensile: 
0,547 0,022 0,457640,92b X Y Z 

   
, 

stiffness 
0,96 0,372 0,0549,286HV X Y Z

  
,
 

impact toughness 
1,13 0,285 1,01956,23kA X Y Z 

    . 

For Q235 steel, the interpolation function of weld strength: 

b  =   487,06.X
-0,105 

Y
0,26

 Z
-0,08   , 

impact toughness Ak =  218,73X
0.062

Y
0,308

Z
-0,89    

,
 

stiffness Hv  = 50,03X
1,55

Y
-0.022

Z
0,28

  . 

4) Perform multi-purpose optimization using overall OEC rating index 

combined with Taguchi experimental design method and ANOVA variance 

analysis, simultaneously satisfying 3 mechanical properties of welds, TiO2 

(12 %), SiO2 (12%), MnO2 (22%). The results showed that MnO2 has the 

most influence on the mechanical properties of the weld (71.66%), followed 

by TiO2 (27.91%) and finally SiO2 (0.43%). The optimal levels of the ratio 

TiO2, SiO2 and MnO2 are levels 3, 1, 3, respectively. 

5) Selected batch of materials to weld Q460 steel with tensile strength: 

12% TiO2, 16% SiO2, 18% MnO2, with hardness: 8% TiO2, 16% SiO2, 22% 

MnO2, the impact toughness: TiO2 (8%) , SiO2 (14%), MnO2 (22%); welded 

Q235 steel with tensile strength: 8% TiO2, 16% SiO2, 20% MnO2, impact 

toughness: TiO2 (10%), SiO2 (14%), MnO2 (18%) and hardness 10% TiO2, 

14% SiO2 và 22% MnO2. 

6) Experimental results of the welds have fundamentally different 

properties, but all meet the requirements for dimensional shapes according to 

the selected evaluation standards. 

7) Through simulation, it is possible to preliminarily evaluate the 

suitability of the selected set of welding parameters. Since that would reduce 

the number of times welding experiment exploration find reasonable mode 

avoids welding defects on heat. 


