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Abstract. Copper tundish is used widely in continuous casting in steel production line.
Tundish is coated by a special coating in the steel manufacturing. A coating experiment was
developed to study the resistant of the copper material against the molten steel corrosion.
High velocity oxygen fuel (HVOF) method was used to spray the alloy powder on the copper
surface to form an alloy coating. However, the experiments are unreliability, waste of material
and low efficiency. These would affect to the quality of the samples and spend more time and
money to perform the experiment. Base on Teoriya Resheniya Izobretatelskikh Zadatch
(TRIZ), this study improved the design of the experiment. After improvment, the average of
alloy powder consumed per sample reduces 23.8%, and samples produced in this experiment

are twice more than before. This improving will also be applied in other spraying processes.

1. Introduction

Nowadays, continuous casting is used commonly in the steel industry. Continuous casting
is a process which turns liquid steel into slab or bloom. Liquid steel is filled in ladle and
transferred to turret from upstream plant by crane, charged to a tundish, then distributed and
flew into several molds which circulated by cooling water. Liquid steel starts cooling down,
solidifying and forming a shell outside in, pulled into arc-shape strands, through secondary
cooling sprays to a complete solidification, then straightened, and cut into pieces according to
each order. This semi product called slab (rectangular type) or bloom (square type) is

conditioned if necessary then shipped to downstream for further treatment.

The tundish in this production line is made from copper material. The tundish operates in
a severe condition because it touches the liquid steel at very high temperature (1450-1500°C)
for a long time during the production process. The molten steel corrosion may occur on the
tundish surface and affect to the quality of the tundish surface and therefore impact on the



steel product. In order to increase the higher resistant of the tundish against molten steel
corrosion so as to extend the service life of the tundish and to guarantee the quality of the
product, an experiment was set up to study the resistant of the copper material against the
molten steel corrosion. By spraying an alloy powder to create a thin alloy layer on the copper
surface, the resistant of the copper against molten steel corrosion was improved.

In order to improve the resistant of the copper material against the molten steel corrosion,
the coating experiment was set up to create an alloy coating onto the copper samples. These
samples, then supply to the abrasion test and adhesive test. In coating experiment, 16 pieces
of copper sample were fixed on the steel board. The dimension of the sample is 2.5x5x0.5cm.
The composition of these samples are whether identical or not, it depends on each order.
These samples were separated into two rows, each row includes eight samples. Each row of
samples was fixed by two steel bars with four bolts. High velocity oxygen fuel (HVOF)
coating was used to spray alloy powder on the samples surface. The composition of the alloy
powder is WC CrC Ni 73-20-7 Aggl. Sint. (Tungsten Carbide (12070-12-1); Chromium
Carbide (12012-35-0); Nikel (Ni) (7440-02-0)). The HVOF gun is hung on an automatic robot
arm. The HVOF gun sprayed the alloy powder on to the samples surface to create a thin alloy
coating. The thickness of the alloy coating for each spraying is about 25~33.25um. therefore
as an example, if the thickness of the alloy coating required is 130um, then the coating
experiment needs to spray for 4 or 5 times. Each spraying will take 42 seconds and the
temperature of samples after spraying is 140°C. One compressed air pipe is hung on the
HVOF gun to blow compressed air to cool these samples. The cooling process will take 5
minutes to wait for the temperature of sample reduce to 70°C, then the next spraying process
will start.

However, some problems occurred during the coating experiment. First, sample fixed on
the steel board was not stable. Because the dimension of these samples is not exactly the same,
therefore some samples are clamped tightly while some samples are not clamped tightly.
Besides, the velocity of the flame sprays out from the HVOF gun is 1350 m/s, it is strong
enough to make samples which are not tightened firmly to fall down easily. This problem
affects the quality and the continuity of the experiment. Second, the alloy powder waste in
this experiment is too much. The alloy powder coated on the sample surface is covered all the
samples’ area and extend 2.5 cm around the samples. The extended area is necessary to
guarantee the quality of the alloy coating on the samples surface. Third, the number of the
sample produced in the coating experiment is so small, 16 pieces. These samples are not
enough to serve for the abrasion test and the adhesive test. In other word, the experiment
efficiency is low. These problems are shown in Fig. 3.
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Fig. 1 Samples fixed on the steel board

The goals of this study are to prevent the interruption occur during performing the
coating experiment, to reduce the waste material and to improve the efficiency of coating
experiment. In this study, TRIZ was used to look at the problems of the coating experiment.
TRIZ is a widely used problem solving method. TRIZ provides a unique approach for
structuring the development of innovative solutions for technical and nontechnical problems
and has the potential for substantial results in construction innovation if used properly [2].
TRIZ includes different problem solving tools, such as Contradiction Matrix, Inventive
Principles, Trends of Technology Evolution, IFR (Ideal Final Result), S-Field
(Substance-Field) analysis, ARIZ (Algorithm for Inventive Problem Solving), Trimming
Rules, Psychological Inertia Tools and Subversion Analysis [3]. These tools can be used to
generate conceptual solution to the problem.

The structure of this paper is divided into 3 sections. The rest of sections are listed as
follows. Session II describes how to use TRIZ method to deal with the coating experiment
problems. Session Il is conclusion including results of this study, contributions and future
work.

2. Case Study

In this study, S-Field analysis was used to generate the solution to solve the problems of
the coating experiment. The S-Field Model was applied to analyze the system, as show in Fig.
13 and Fig. 14. In the S-Field model, continued line denotes “useful”, waved line denotes
“harmful”, dashed line denotes “insufficient”.

In Fig. 6, samples S1 are fixed by using bolts F1 to tighten the steel bars S2. Sample
falling down during performing experiment will cause a harmful reaction exists between
samples S1 and steel bars S2. The coating samples S1 are not enough to supply to the
Abrasion test and Adhesive test F2, therefore an insufficient reaction exists between sample
S1 and Abrasion and adhesive test F2.
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Fig. 2 S-Field Model 1 Fig. 3 S-Field Model 2

In Fig. 7, HVOF gun F3 sprays alloy powder S3 on to the sample surface and the
expanded area S4. The alloy powder coated on the expanded area means alloy powder waste
in this experiment. Therefore, there is a harmful reaction exists between S3 and S4.

According to TRIZ, when a system appears harmful effect, there are seven directions to
solve the problem. They are (a) modify exist substance, (b) modify the Field, (c) add a new
substance (d) add a new field, (¢) add a new substance and field, (f) transition to the
super-system, and (g) transition to the sub-system [3]. “Modify exist substance” was used in
this study.

As similarity, when a system appears insufficient/excessive relationship, there are nine
directions to solve the problem. They are (a) modify an existing substance, (b) phase
transitions, (c) modify the field, (d) add a new substance, (e) add a new field, (f) add a new
substance and field, (g) ferro-magnetics, (h) transition to sub-system, (i) transition to the
super-system [3]. “Modify exist substance” was used in this study. For these problems in the
coating experiment, S-Fields also suggests “Modify exist substance”. By using this direction
these problems may be removed from the experiment.

It was found that #1 Segmentation, #5 Merging and #26 Copying in the 40 Inventive
Principles are possible solutions to these problems.

In the first problem we need to answer the question “How can we fix samples stable
during the coating experiment?”.

The #1 Segmentation principle in the 40 Inventive Principles gives us a suggestion that
we can use short pair of steel bar to fix copper sample. According this way, two steel bars are
separated into eight pairs of short bar as shows in Fig. 8.

By using this way, each sample is fixed by one pair of steel bar as show in Fig. 9. Each
sample is fixed independently and clamped tightly, therefore the unstable problem of fixing
sample will not affect to the experiment. The unstable problem is avoidable, the first problem
is solved.

The second problem occurred during the coating experiment is the waste of alloy powder.
We need to answer the question “How can we maintain the quality of the alloy coating on the
sample surface while we can reduce the waste of alloy powder in the coating experiment?”.
The #5 Merging principle gives us a suggestion that we can merge two rows of samples into
one row.

By using this way we can decrease the expanded area around the samples, thus we can
reduce the alloy powder waste in this coating experiment. Two pieces of copper sample are
fixed by one pair of short steel bars, as show in Fig. 11.
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In the third problem occurred in coating experiment, we need to answer the question
“How can we increase the number of copper sample in the coating experiment while we do
not need to repeat the coating experiment?”. The #26 Copying principle suggests that we can
increase the amount of the samples in this experiment by copying another row of samples, as
shows in Fig. 12. By using this way, we can increase the amount of the copper samples
producing in the coating experiment to thirty two pieces. In other words we increase the
efficiency of the experiment. The third problem is solved.
Fig. 13 shows the complete coating experiment after applying TRIZ to solve the problems.

Fig. 7 Final coating experiment
After these Inventive principles were applied, the problems of the coating experiment are
solved. Table 1 shows the parameters of coating experiment before and after improving by
TRIZ.

Table 1. Parameters of coating experiment before and after improving by TRIZ

Item Before lr;nlflré)vmg by After improving by TRIZ
Time for each spraying 42 (s) 64 (s)
The number of spraying'to complete 4 (times) 4 (times)
the coating experiment
Alloy powder rate (90 g/min) 90 (g/min)
The total alloy powder consumed 252 (g) 384 (g)

In Table 1, the total alloy powder consumed in the coating experiment is calculated by
multiply the number of spraying to complete the coating experiment and the time for each
spraying and the alloy powder rate. From Table 5 we can calculate the average of alloy
powder consumed per sample by the total alloy powder consumed divides by the quantity of
sample producing in the coating experiment. Table 2 shows the comparison between the
coating experiment before and after improving by TRIZ. The average of alloy powder
consumed per sample before applying TRIZ is 15.75 g/piece and after applying TRIZ is 12
g/piece. The average of alloy powder consumed per sample after improving by TRIZ reduces
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23.8% than before.
Table 2. Comparison between the coating experiment before and after improving by TRIZ

Item Before improving by After improving by
TRIZ TRIZ
Quantity of sample 16 (pieces) 32 (pieces)
Th f all d
© avetage of atloy powder 15.75 (e/piece) 12 (g/piece)
consumed per sample

3. Conclusion

By applying TRIZ methodology, the coating experiment is a lot of improved. Experiment
is performed reliably without interruption, as a result, the quality of sample is guaranteed.
This study can save the alloy powder used in the coating experiment. The average of alloy
powder consumed per sample after improving by TRIZ reduces 23.8% than before. Besides,
the amount of sample produced in this experiment after improving is thirty two pieces, more
than two times than before. The objective of this study is achieved and the coating experiment
is running more efficiently. In the coating experiment, an alloy coating is coated on the copper
surface. The resistant of the copper against the molten steel corrosion is improved more
significantly.

Future research is required in solving the waste of alloy powder in the coating experiment.
It will also possible to look at the problems of the coating experiment from different angle,
such as using technical contradiction for the significant improvement and stainable

development.
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