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The paper reports a comparative study on the effect of nano-
modification with TiN, SiC, and TiN+Cr particles on the mi-
crostructure and the corrosion behavior of specimens of overlay
weld metal. The specimens are obtained through manual arc over-
lay welding with coated electrodes E300 both containing nano-size
particles in the coating and without nano-modification. The effect
of the nano-size particles on the microstructure of the overlay weld
metal is identified. The corrosion behavior is studied by means
of the method of cyclic immersion in 3.5% NaCl for 720 hours.
Data on the effect of the type and the concentration of the nano-
modifiers on the corrosion resistance of the metal is obtained.
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1. INTRODUCTION

The metallic materials modified with nano-size compositions are character-
ized by improved mechanical and physical characteristics, which are due to the
small grain size and the high relative share of their boundaries according to a
number of authors. Considerable progress in the field of manufacture of nano-
materials is achieved by different methods over the last decades. Now the focus
of the research is shifted towards the production of useful nano-structures and
coatings with higher wear- and corrosion resistance.

Steel is one of the most commonly used construction materials. Different
welding technologies are applied for manufacture of the steel constructions.
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The engineer constructions however corrode easily due to the high sensitive
to environmental impact during service. The corrosion of the welded con-
structions in acidic aqueous solutions is one of the main problems in many
industries. Corrosion inhibitors are added in order to prevent degradation of
the base metal and the weld metal. The most well-known acidic inhibitors
are compounds containing nitrogen, sulfur, and oxygen atoms. The inhibitory
effect is due to their adsorption on the metal surface. Besides the high in-
hibitory efficacy, the good quality of the inhibitor is determined by the low
cost, the low toxicity and the easy manufacture.

Over the last two decades the nano-technology plays an important role in
the corrosion protection of metals [1, 2]. Although scarce data on the effect
of some nano-modifiers (NMs) are found in the scientific literature, which
were initially intended to improve the mechanical properties of the metal but
actually act as corrosion rate inhibitors [3, 4, 5, 6].

The nano-modifiers show advantages similar to those of the organic in-
hibitors but without their adverse effect on the environment and they are an
effective alternative to the dangerous and toxic compounds.

There is data for increased hardness and wear resistance of the overlay
weld metal obtained by manual arc welding using electrodes with nano-size
particles introduced in their coating [7-9]. Usually in order to improve the
wear resistance of the surfaces after welding and machining, the parts are
subjected to an adequate heat treatment. Data on how the nano-modifiers
introduced to improve the hardness and wear resistance of welding electrodes
influence the rate of corrosion of the weld is still insufficient.

This study is aimed to investigate how the nano-modifiers TiN, SiC, and
SiC+Cr introduced in the coating of a basic IZA E300 welding electrode with
purpose to increase the hardness and wear resistance of the overlay weld metal
influence its microstructure and corrosion resistance.

2. EXPERIMENTAL
2.1. Tested materials

The test series of nano-modified electrodes are developed on the base of elec-
trode IZA E300 for overlay welding of already worn surfaces or for preventive
welding. The electrode wire has diameter (3.25 mm and length 450 mm. The
technological properties of the manufactured test electrodes are determined
[8]. The surface overall weld was carried out on the low-alloy low-carbon steel
S235JR. in three layers.
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TABLE 1. Chemical composition of the overlay metal

C [%] Mn [%] Si [%] Cr (%]
0.1-1.5 1.6-1.8 0.4-0.8 0.8-1.2

The type of the electrode coating is basic. The chemical composition of the
overlay metal is given in Table 1.

The nano-modification is carried out according to the specific technology
with addition of different quantities of nano-size powders of TiN, SiC, and
TiN+Cr. For better wetting and absorption and hence higher efficiency, the
nano-powders are activated mechanically beforehand in a ball mill. Potassium
water glass is used as binding agent of the coating.

The quantity of the added nano-materials is at the cost of the iron content.
The coating materials have been delivered and graded individually in accor-
dance with the technical requirements. According to the manufacturer’s data,
the size of TiN particles is (50 = 5) nm, and the size of SiC particles is (60 +
5) nm.

Cylindrical test specimens with diameter 8 mm and height 20 mm for
hardness, micro hardness and wear resistance testing were obtained from the
overlay welded and machined plate by water cutting [9-13]. Ultrasonic com-
parative assessment of the internal incompleteness of the nano-modified layers
was performed [14].

The test specimens for metallography and corrosion resistance are cut off of
the top layer of a plate of low-alloy low-carbon steel S235JR with three surface
layers welded with electrode IZA E300. The hardness of the surface layers
allows for subsequent machining. The nano-modifier added in the coating of
electrode IZA E300 is aimed to increase the wear resistance of the overlay layer
attaining the needed operational properties without subsequent heat treatment
and thus to improve the efficiency of the process.

2.2. Test specimens

The test specimens for corrosion resistance of the overlay metal are selected
among the specimens that showed some change of the hardness and wear resis-
tance after nano-modification in a preliminary study. The reference specimen
is taken from material obtained using the basic electrode IZA E300 without
nano-modification. Three discs about 1 mm thick each are cut from the top
of the welded metal of each specimen. For each case one disc of the set was
subjected to metallographic analysis and two were subjected to corrosion tests.
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TABLE 2. Content of the nano-modifier in the electrode coating composition

Amount of nano-modifier in coating [%)]
Specimen No
E300 no nano-modifier
1.1 0.1% TiN
1.2 0.4% TiN
1.3 3.0% TiN
2.1 0.4% SiC
2.2 1.5% SiC
3.1 1.5% TiN+Cr

The designations of the tested specimens, the type and content of the nano-
modifier in the coating are given in Table 2.

2.3. Test methods

The microstructure of the overlay weld metal was analyzed by the light
microscopy (LM) method. For this purpose, metallographic specimens were
polished and etched with 4%HNOj3 to develop the microstructure. The obser-
vation was carried out using JELAVERT metallographic microscope by Carl
Zeiss.

The corrosion resistance of the overlay weld metal is investigated by pe-
riodic immersion in 3.5% aqueous solution of NaCl followed by drying. The
overall duration of the testing is 720 hours, as the ratio of the total immersion
time to the total drying time being 1:1. After the test is completed, the corro-
sion products are removed and the mass loss indicator Am [g/m?] is identified,
and the corrosion rate K [g/m?h] is calculated.

3. RESULTS ANS DISCUSSION
3.1. Microstructure test

The metallographic investigation showed that all specimens had Widmanstat-
ten type ferrite-perlite microstructure. The ferrite is acicular, as the size of
the needles varies widely.

Figures 1 and 2 display the images of microstructures obtained with elec-
trodes with different concentrations of NM in the coating.

Table 3 shows the change in the type of microstructure of the tested spec-
imens depending on the type and content of nano-modifiers.
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Fig. 1. Microstructure of the overlay weld metal: (a) specimen 2.1 (0.4% SiC);
(b) specimen 1.2 (0.4%TiN); (c) specimen E300; (d) specimen 3.1 (1.5% (TiN+Cr)

TABLE 3. Change of the microstructure of overlay weld metal

Most Most
coarse- . .
. > fine-grain
grain
structure
structure
Specimen No 2.1 1.2 3.1 1.3 2.2 1.1
[%)] 0.4% 0.4% | E300 1.5% 3.0% | 1.5% 0.1%
HM SiC TiN (TiN + Cr) | TiN | SiC TiN
Specimen No 1.2 1.3 1.1
(%) 0.4% | E300 3.0% 0.1%
TiN TiN TiN TiN
Specimen No 2.1 2.2
(%) 0.4% E300 1.5%
SiC SiC SiC
Specimen No 3.1
(%) E300 1.5%
(TiN+Cr) (TiN+Cr)
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Fig. 2. Microstructure of the overlay weld metal: (a) specimen 1.3 (3% TiN);
(b) specimen 2.2 (1.5%8SiC); (c) specimen 1.1 (0.1% TiN)

The most coarse-grain structures are observed in specimen 2.1 and speci-
men 1.2 obtained after overlay welding with electrodes containing respectively
0.4%TiN and 0.4%SiC in the coating. In these cases the length of the needles is
in the range 25 to 30 pm, and the width is 4 to 5 pym. No microstructure orien-
tation is observed. At the same concentrations 0.4% of the nano-modifiers, the
microstructure of the specimens modified with SiC is slightly coarser than that
of the specimens modified with TiN. These structures have grain size about 20
times larger than the structures obtained with the reference electrode E300, in
which orientation of the ferrite needles in different crystallographic directions
is observed.

It was found that the grain size of the specimens obtained with electrodes
modified with TiN with concentrations 3% and 0.1% is smaller than that of the
specimens obtained with the reference electrode E300. There is a pronounced
orientation of the ferrite needle in the microstructure of specimens 3.1, 1.3,
and 2.2 but such orientation is absent in the fine structure of specimen 1.1.
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The results obtained from the corrosion tests are given in Table 4. All data

3.2. Results from the corrosion test

are the average values of the results of two specimens tested in parallel.

TABLE 4. Corrosion rate

Highest Lowest
corrosion > corrosion
rate K rate K
Specimen 1.1 E300 1.2 1.3 2.2 2.1 3.1
[%)] 0.1% 0.4% 3.0% 1.5% 0.4% 1.5%
HM TiN N TiN TiN SiC SiC | (TiN+Cr)
K2 1.69537 | 1.67880 | 1.63424 | 1.55262 | 1.33520 | 1.29664 | 1.21834
[g/m?h]
Group v III II I

The test specimens may be divided in four groups depending on the value
of the corrosion rate K of the overlay metal:

Group I: specimen 3.1 (1.5% TiN+Cr);

Group II: specimens 2.1 (0.4% SiC) and 2.2 (1.5% SiC);

Group III: specimen 1.3 (3.0% TiN);

Group IV: specimens E300, 1.2 (0.4% TiN), 1.1 (0.1% TiN).

The division in groups is based on the following assumption: if the difference
in the values of K for two neighbor specimens is less than 5%, the specimens are
classified in the same group; if the difference of K exceeds 5%, the specimens
belong to different groups.

Group I contains only specimen 3.1 with the lowest corrosion rate. This
result is explained with the presence of Cr in the composition of the nano-
modifier. There are evidences available for the beneficial effect of Cr as corro-
sion inhibitor of nano-structure specimens [5]. The differences in the K values
for the groups II and IV specimens may be considered to be within the un-
certainty limits of the test resulting from the measurement of the specimens
sizes and the weight of the masses before and after removal of the corrosion
products.

It is seen from the data obtained that the modification of the welding
electrodes with TiN up to 0.4% does not significantly influence the corrosion
resistance of the overlay metal. There is a slight increase of the corrosion
resistance at concentration 3.0% TiN, and the best corrosion resistance is
obtained at concentration 1.5% (TiN+Cr).

The values of K of the overlay metal obtained with electrodes with 0.4%
SiC or 1.5% SiC are similar but significantly lower than the values of K for
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the same concentrations of the modifier TiN, meaning that the nano-modifier
SiC acts better as corrosion inhibitor than TiN.

4. CONCLUSION

The metallographic study showed that the microstructure of the overlay
weld metal obtained with electrodes nano-modified with 0.4% TiN or 0.4%
SiC is larger than weld metal microstructure obtained with the reference
electrode E300.

It is not possible to identify the exact dependence between the size of the
grains and the concentration of the modifier through metallographic anal-
ysis, hence additional Electron BackScatter Diffraction (EBSD) analysis is
needed. The EBSD analysis allows performing a quantitative analysis in
terms of the grain size depending on grains number in the area of a partic-
ular crystallographic plane.

The corrosion resistance of the overlay metal depends on the type and
the concentration of the nano-modifier. The highest corrosion resistance
is achieved after introduction of nano-particles of (TiN+Cr).

The modification with SiC showed better results for corrosion resistance
compared to TiN.

There is no correlation identified between the corrosion resistance of the
overlay weld metal and the grain size of its microstructure.

To obtain more accurate dependences of the corrosion rate on the type and
the amount of nano-modifiers, it is envisaged to extend the scope of the
investigation by increasing the factor concentration levels of the modifier.
To reduce the relative share of the test uncertainty in the final result for
corrosion rate, it is planned to increase the number and the size of the tested
specimens in each series.
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N3CJIEABAHE HA BJIIMAHUETO
HA HAHOMO/IMM®UNKATOPU BbPXY

CTPYKTYPATA I KOPO3SNMOHHATA
YCTONYNBOCT HA HABAPEH METAJI

BaHs JIgKOBA™ u IIJAMEH TAIIIEB

Hremumym no memanosnaHue, CoopsHCeHUs U TETHOA0ZUL
¢ Ilenmasp no xudpo- u aepodunamura ,Axad. Aneen Banrescru®,
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Peziome. U3ciienBano e BANSHUETO HA HAHOPA3MEPHU YACTUIIN
ot TiN, SiC, TiN+Cr BbpXy MEUKPOCTPYKTYpPaTa i KOPOZUOHHOTO
[oBeJieHne Ha o0pas3nu oT HaBapeH meras. O6pasiure ca IMOJIy-
YEHU Ype3 PBYHO eJIeKTPOIbI'OBO HaBapsiBaHEe C OOMAa3aHU €JIeKT-
pou E300 ¢ HaHopasMepHH YacTUIM B oOMa3KaTa U TakKusa, Oe3
HAHOMO/M(UIIPaHe. YCTAHOBEHO € BJIMSIHUETO Ha HaHOpa3Mep-
HUATE YaCTHUIM BbPXYy MHUKDPOCTPYKTYypATa HA HABAPEHUS METAJI.
Koposnonnoro mosesierne e n3ciieIBaHO Ipe3 METO/1a Ha [UKJIAY-
Ho noransae B 3,5%NaCl B npombikenne Ha 720 gaca. [Tomyaenn
ca JIAHHU 32 BJIMSTHUETO Ha BUJA U KOHIIEHTPAIUSITA Ha HAHOMO-
JUKATOPUTE BbPXY KOPO3UOHHATA YCTOWYMBOCT HA METAJIA.

Kmovwosu dymu: Kopo3nust Ha HAHOMOIUMDUITUPAH W HABApPEH Me-
taJj, Hanomoauduraropu TiN; SiC.
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