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ATTEMPTS TO MODIFY AUSTENITIC STEEL WITH CARBON NANOTUBES

In this work, research on influence of multiwalled carbon nanotubes (MWCNTs), produced in Catalic Chemical Carbon Vapor
Deposition, NANOCYLTM NC7000CNTs on a structure and properties of AISI 301 steel remelted by TIG arc. In the assessment of
influence a type of carbon on properties and structure of austenitic steel, as a carbon filler was use also carburizer. In the specimens
(AISI 301 plates) with dimensions 155x60%7 [mm] were drilled holes with 1.3 mm diameter and placed 0.5 mm under specimen
surface. Next, to the drilled holes was implemented CNTs, carburizer and mixture of these both powders. Prepared specimens
were remelted by TIG method on the CASTOTIG 2200 power source with 2.4 mm tungsten thoriated electrode with parameters
sets for obtain 3.0 mm penetration depth. Remelted specimens were cut into the half of the welds distance and prepared for metal-
lographic examinations. Cross sections of the specimens were tested on classical metallography microscopes, hardness tests, SEM
analyses (on JEOL 5800 LV SEM EDX equipment) and phase identification by X-ray phase analysis on Philips APD X’Pert PW
3020 diffractometer. Hardness analysis indicates about 25% increase of hardness in the remelted area when the CTNs are used. In
the specimens with carburizer there is no significant changes. SEM analyses of remelted areas on AISI 301 specimens modificated
with CNTs, indicates that dark areas, initially interpret as one of the phase (based on optical microscope) is finally densely packed
bladders with dimensions from 50 nm up to a few um. These bladders are not present in the specimens with carburizer filler. High
resolution scanning microscopy allow to observe in the this area protruding, longitudinal particles with 100-300 nm length. For
identification of this phase, X-ray analysis was done. But very small dimensions of used CNTs (diameters about 9,5 nm), random
orientation and small weight amount can make difficult or impossible to CNTs detection during XRD tests. It means that it is not
possible to clearly determine nature of particles filling the cavities, it is only possible to suppose that they are CNTs beams with
nanoparticles comes from their disintegration. Results of the researches indicates, that fill in the weld pool with different form of
carbon (CNTs and carburizer) it is possible to achieve remelted beads with different structure and hardness distribution. It confirms

validity of the research continuation with CNTs as a modifier of steels and also other metals and theirs alloys.
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1. Introduction

The unusual physicochemical characteristics of carbon
nanotubes create prospects for their use in many fields of sci-
ence and technology. In the field of materials engineering major
studies on the application of carbon nanotubes include creating
composite materials with polymer or metal matrix. Metal matrix
nanocomposites have been produced so far mainly by powder
metallurgy. Only some work has used welding techniques to
produce coatings of special properties using carbon nanotubes
[1-10]. There is no known work with the application of carbon
nanotubes as a component having an effect on the structure of
metals and metal alloys. Thus, there are reasons to do research in
this field and the development of metal matrix nanocomposites

using various means of remelting, including welding methods
(arc remelting, plasma, laser, etc.). So far, there have not been
systematic studies on the impact of nanostructured carbon ma-
terials on the crystallization and structure of metals and metal
alloys. Metal matrix — carbon nanotube composites (MM-CNT)
can be designed in order to obtain materials characterized by low
density, high strength, low thermal expansion coefficients and
high thermal conductivity. Lightweight and resistant structural
materials constitute the basis for future, energy-efficient and, as
aresult, environmentally friendly and economical technological
solutions for the aviation and automotive industries [11-23].
In recent years sharp increase in interest in nanocomposites. In
this composites at least one of components has one or more di-
mensions in nanometric scale. This causes interaction on atomic
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or molecular level to influence macroscopic material proper-
ties. Most widespread nanocomposites with polymer matrix.
Metal matrix nanocomposites are mainly fabricated by means
of powder metallurgy. In both of this nanocomposite varieties
positive impact of carbon nanotube reinforcement on mechanical
properties is observed. However, currently achieved mechanical
properties are far from levels based on theoretical calculations
[24-27]. In this work attempts to modify structure and properties
of austenitic stainless steel, with use of carbon nanotubes, by
TIG remelting were performed. For comparison TIG remelting
with carburizer as modifying agent was done. The conducted
tests were not intended to determine the risk of increasing the
susceptibility to intergranular corrosion of the tested steel.

2. Experimental

In this work, research on influence of multiwalled car-
bon nanotubes (MWCNTSs), produced in Catalytic Chemical
Carbon Vapor Deposition, NANOCYLTM NC7000CNTs
(Fig. 1, Table 1) on a structure and properties of X10CrNil8-8
(EN 10088-1:2014) steel remelted by TIG arc (Fig. 2, Table 2).
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Fig. 1. X10CrNil8-8 steel microstructure

In the assessment of influence a type of carbon on proper-
ties and structure of austenitic steel, as a carbon filler was used
also carburizer. In the specimens (X10CrNil8-8 plates) with
dimensions 155%60x7 [mm] were drilled holes with 1.3 [mm]

TABLE 1
Chemical composition of X10CrNil18-8 (EN 10088-1:2014) steel
Chemical composition, %
C Si Mn Cr S N Mo Ni
0.05+0.15 <2.0 <2,0 16.0+19.0 <0.045 <0.015 <0.011 <0.08 6.0-9.5

10 pm* EHT = 3.00 kV
WD= 3mm

Fig. 2. SEM pictures of NANOCYLTM NC7000 carbon nanotubes

Signal A = InLens
Mag = 1.50KX

Signal A = InLens
Mag = 167.96 KX

EHT = 3.00kV
WD= 3mm

TABLE 2
Parameters of NANOCYLTM NC7000 CNT’s
Properties Value Units Measurement method
Average diameter 9.5 nm TEM
Average length 1.5 um TEM
CNT’s purity 90 % TGA
Metals oxides inclusions 10 % TGA
Surface area 250+300 m%/g BET




diameter and placed 0.5 [mm] under specimen surface (Fig. 3).
Next, to the drilled holes was implemented CNTs, carburizer
and mixture of these both powders. Prepared specimens were
remelted by TIG method on the CASTOTIG 2202 power source
with 2.4 [mm] tungsten thoriated electrode with parameters sets
for obtain 3.0 [mm] penetration depth (Table 3). Remelted speci-
mens were cut into the half of the remelted beads distance and
prepared for metallographic examinations. Cross sections of the
specimens were tested on classical metallography microscopes,
hardness tests, SEM analyses (on JEOL 5800 LV SEM EDX
equipment) and phase identification by X-ray phase analysis on
Philips APD X’Pert PW 3020 diffractometer.
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3. Results and Discussions

The analysis of the microhardness of penetration areas
revealed various hardness values in comparison with the base
material of austenitic steel. Seven microhardness tests were
performed in remelted areas. Highest and lowest values were
discarded from remining five mean value was calculated
(Fig. 4, Table 4). The modification of steel using a carbon addi-
tive (carburite) leads to slight bead hardness changes, whereas
the modification performed using carbon in the form of CNTs
(carbon nanotubes) increases hardness by approximately 25%
in comparison with that of the base material.

Fig. 3. X10CrNil8-8 steel specimen with holes prepared for feeds

TABLE 3

TIG remelting parameters on X10CrNil8-8 steel specimens with feed drilled holes

Designation of remelted bead Feed type Remelting speed [mm/s] Welding current [A] Arec voltage [V]
1 99.5% Fe + 0.5% CNTs
2 99.0% Fe + 1.0% CNTs
3 100.0% CNTs
4 99.5% Fe + 0.5% KR 20 80 12
5 99.0% Fe + 1.0% KR
6 100.0% KR

Remarks: gas flow rate (argon) — 7.0 [I/min], KR — carburizer

bead

X X

base material

Fig. 4. Microhardness measurement points

TABLE 4
Average from five values of microhardness tests (HV0.1) taken in remelted zone
. Remelted X10CrNil8-8 steel with powder
XI0CHNII8-8 steel I 0.5% CNTs | Fe + 1% CNTs 100% CNTs Fe +0.5%KR | Fe+t1%KR 100% KR
200 258 250 200 208 200

Remarks: 7 hardness measurements were made, the highest and the lowest values were rejected, and the average value was calculated from the remaining ones
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SEM analyses of remelted areas on X10CrNil8-8 speci-
mens modificated with CNTs, indicates that dark areas, initially
interpreted as one of the phase (based on optical microscope,
Fig. 5) is finally densely packed bladders with dimensions from
50 [nm] up to a few [um], Fig. 6. These bladders are not present
in the specimens with carburizer filler. High resolution scanning
microscopy allow to observe in this area protruding, longitudinal
particles with 100-300 [nm] length,

Fig. 7. For identification of this phase, X-ray analysis was
done. A diffraction pattern obtained for steel X10CrNil8-8 corre-
sponds to austenitic steel (Fe-Cr-Ni). One additional peak of very
low intensity at 20 = 39.0527° can be treated as a disturbance.
In spite of a distinctly different microstructure, the diffraction
pattern obtained for the penetration area of austenitic steel modi-
fied using 100% CNTs powder is identical with the diffraction
pattern of the base material. Similar to the BM, an additional

Carbon form: nanotubes

Carbon form: carburizer

Fe powder + 0,5 % C

Fe powder + 1,0 % C

Fe powder + 100,0 % C

Fig. 5. Microstructures of X10CrNil8-8 remelted areas: modified with carbon as a nanotubes (a-c) and carburizer (d-f)



353

Carbon form: nanotubes

Carbon form: carburizer

Fe powder+0,5% C

Fe powder + 1,0 % C

Fe powder + 100,0 % C

40um ' Electron Image 1

50um ! Electron Image 1

Fig. 6. Microstructures of X10CrNil8-8 remelted areas: modified with carbon as a nanotubes (a-c) and carburizer (d-f) — SEM pictures

peak of very low intensity at 20 = 29.4355° can be treated as
a disturbance. No peaks were observed at 20 = 26°, 20 = 42.4°
and 26 = 77.7°, which could indicate the presence of carbon
nanotubes, Fig. 8, table 5,6. Almost identical microstructures
of the penetration areas of austenitic steel X10CrNil8-8 modi-
fied using powders having various carbon nanotube contents,
i.e. Fe +0.5% CNTs, Fe + 1% CNTs and 100% CNTs, could
imply that during the TIG arc melting of specimens with addi-
tives of the highest CNTs content, a significant part of carbon

nanotubes burnt out and only their small amount took part in
the modification of the steel structure. Very small dimensions of
used CNTs (diameters about 9,5 [nm]), random orientation and
small weight amount can make difficult or impossible to CNTs
detection during XRD tests. It means that it is not possible to
clearly determine nature of particles filling the cavities, it is only
possible to suppose that they are CNTs beams or nanoparticles
comes from their disintegration.
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Fig. 8. Diffraction pattern obtained for: a) X10CrNil8-8 austenitic steel, b) X10CrNil8-8 austenitic steel 100% powder CNTs modified

TABLE 5
Positions and intensities of the diffractogram peaks obtained for X10CrNil8-8 austenitic steel, Fig. 8a
Position [°20] Max. [cts] FWHM [°20] d-spacing [A] Rel. Int. [%] Tip width [°20] Phase*
39.0527 24.55 0.2362 2.30653 0.21 0.2834 —
43.4056 11834.53 0.1968 2.08479 100.00 0.2362
50.5055 3185.22 0.2755 1.80711 26.91 0.3306 Fe
74.3729 853.97 0.3149 1.27552 7.22 0.3779 Cr
90.1956 1077.74 0.1968 1.08841 9.11 0.2362 Ni
95.5174 540.68 0.3840 1.04049 4.57 0.4608

* Based on the database The International Centre for Diffraction Data® (ICDD®), 2010
Remarks: step: 0.02°, time for step: 30 s
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TABLE 6
Positions and intensities of the diffractogram peaks obtained for X10CrNil8-8 austenitic steel modified
with 100% CNTs powder, Fig. 8b
Position [°20] Max. [cts] FWHM [°20] d-spacing [A] Rel. Int. [%] Tip width [°20] Phase*
29.4355 22.31 0.1574 3.03450 0.31 0.1889 —
43.4496 7135.87 0.2362 2.08278 100.00 0.2834
50.5160 1499.58 0.2755 1.80676 21.01 0.3306 Fe
74.3599 608.28 0.1968 1.27571 8.52 0.2362 Cr
90.2075 649.601 0.2880 1.08740 9.10 0.3456 Ni
95.5237 360.80 0.1920 1.04044 5.06 0.2304
* Based on the database The International Centre for Diffraction Data® (ICDD®), 2010
Remarks: step: 0.02°, time for step: 30 s
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