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Analysis of Surface Quality after Oxygen Cutting

Abstract: The article discusses tests concerning surface quality after the oxy-
gen cutting of steel plates of various thicknesses. The study involved visual tests,
macro and microscopic metallographic tests as well as hardness measurements
and the identification of hardness distribution in the cut zone and in the heat

affected zone.
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Introduction

In oxygen cutting the heat used in the process
results from the burning of a gas mixture en-
riched with oxygen, being the catalyst of a fur-
ther exothermic reaction aimed to separate
elements subjected to cutting. To oxidise met-
al being cut, an area subjected to cutting is af-
fected by the stream of oxygen surrounded by
a heating flame. The oxygen cutting process
involves the division of solid-state metal heat-
ed up to an ignition point. During the process,
the metal is locally oxidised (burnt), whereas
the liquid products of the oxidation reaction
are blown out of the cutting gap (partly by the
heat source consisting of the gaseous flame and
the oxygen stream characterised by high purity
and high kinetic energy) [1-8]. There are sever-
al types of flames, with cutting being performed
using the oxydising flame. The applications of
individual types of flames are the following:

— oxydising flame is used primarily to separate
metals; the inflammable gas-oxygen ratio is
higher than 1.3:1,

- normal flame, used primarily in welding

processes (also often used to heat up ele-
ments); the inflammable gas-oxygen ratio is
restricted within the range of 1:1 to maximal-

ly 1.3:1,

— carburising flame is used for the welding of

aluminium and its alloys; the flame is formed

in excess inflammable gas [1, 2].

The primary disadvantage of the above-named
heat source is its dissipation, where not only
the cut zone but also the area adjacent to it are
heated, which in turn, leads to the degradation
of the material.

The process technology is very important;
the process parameters should be adjusted so
that the most favourable shape of the surface
could be maintained without compromising
the proper direction of flame movement and
a relatively high cutting rate [1, 9—11].

Tests

Specimens used in the tests were made of 20
mm, 12 mm and 6 mm thick steel S355J2 and
cut out of the plates using an EasyTherm Messer
machine. The method of cutting was the same
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in relation to each plate thickness. To maintain
the rectangular shape of the specimen without
cutting-triggered damage (Fig. 1), the punch-
through was performed outside the specimen
area (Figure 1).

Fig. 1. Method applied to cut the specimens
out of the test plates

The above-presented sampling method and
the assumed shape additionally enabled the
identification of certain shortcomings of the
process. Surfaces subjected to cutting were de-
liberately placed so that it would be possible
to analyse parallelism or perpendicularity as
well as to identify the process-related defects
following the change of the cutting direction.
The visual inspection and assessment (after
cutting) were followed by the further sam-
pling of specimens (30 mm x 50 mm) across
the longer edge. The oxygen cutting process
parameters are presented in Table 1.

Table 1. Parameters adjusted during the oxygen cutting
of the test materials (performed using the EasyTherm
Messer machine)

Plate thickness, mm 6 12 20

Cutting rate, mm/min 635 550 460

Cutting gas pressure, bar 3.0 6.5 6.6

Heating pressure, bar 1.5 1.5 1.0
Heating time, s 7 7.5 8

Cutting gap width, mm 1.5 22 2.2
Distance between the torch 5 6 6

and the plate, mm
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The visual tests involved the cut surface and
consisted in the detailed assessment of the pro-
file of the surface, its general condition as well
as the degree of its degradation. Further analysis
involved the sampling of metallographic speci-
mens, including the entire cross-section of the
specimen and the cut edge. The surface of the
metallographic specimens was subjected to etch-
ing (aimed to obtain material for further macro
and microscopic tests as well as hardness meas-
urements, involving the cut surface and the heat
affected zone). The etchant used in the tests was
Nital (8% and 5%). The specimens prepared in
the above-presented manner were subjected to
tests discussed in the remainder of the article.

Macroscopic tests involved the visual assess-
ment of the surface, the edge of the cut-out and
the width of the HAZ. The tests were performed
in three stages, i.e. without image magnification
(i.e. observations by the unaided eye) and with
magnified images (to obtain better representa-
tion of results). Microscopic tests involved the
entire cross-section with particular attention
paid to the heat affected zone (HAZ) and the cut
edge. The tests were performed using a digital
microscope (Olympus) and a magnification of
x50. Hardness measurements were performed
on the surface of the cross-section, i.e. from its
axis in the direction of the cut edge and in the
HAZ. The measurements involved the use of
the Vickers hardness tests (HVs5) and an HPO
250 hardness tester.

Test results

Visual tests of the cut surface

The first stage involved the visual assessment of
all the specimens directly after cutting (without
being subjected to any form of treatment). The

assessment was performed in relation to con-
ditions of the stabilised oxygen cutting process.
The specimens (of various thicknesses) are pre-
sented in Figures 2 through 4. Figure 2 presents

(from various sides) the surface of the specimen

cut out of the 20 mm thick plate.
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Fig. 2. Surface of the 20 mm thick plate after oxygen cutting: a) upper, b) lower c) longer side and d) shorter side

After oxy-acetylene cutting, the surface of
the 20 mm thick plates could be regarded as
smooth. The area where the cutting of the plate
was initiated contained a clearly visible mark
triggered by the penetration of the plate. It was
also possible to notice the tendency of plate
contour profile rounding where the direction
of burning changed. The cut edge was perpen-
dicular to the surface of the material subjected
to cutting; no significant bevelling of the plate
was observed. The lower part of the plate con-
tained visible traces of cinder and overhangs
(on the lower edge of the plate). The cut edge
in the upper part contained visible grooves. The
performance of the welding process required
the removal of the aforementioned cinder. Fig-
ure 3 presents (from various sides) the surface
of the specimen cut out of the 12 mm thick plate.

a)

The surface of the 12 mm thick plates sub-
jected to oxy-acetylene cutting could be re-
garded as smooth with slightly visible grooves.
The area where the cutting of the plate was in-
itiated contained a clearly visible mark trig-
gered by the penetration of the plate. It was
also possible to notice the tendency of plate
contour profile rounding where the direction
of cutting changed as well as the partial melt-
ing of the upper edge of the plate and the burn-
ing out of grooves. The lower part of the plate
edge contained traces of cinder and overhangs.
By contrast with the thicker plates, the edge
showed the tendency of perpendicularity de-
viations. The foregoing could imply the use of
improper materials. In addition, (as regards the
12 mm thick plate) the side surface was cov-
ered with hard-to-remove oxides, requiring the

b)

d)

Fig. 3. Surface of the 12 mm thick plate after oxygen cutting: a) upper, b) lower c) longer side and d) shorter side
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a)

c)

b)

d)

Fig. 4. Surface of the 6 mm thick plate after oxygen cutting: a) upper, b) lower c) longer side and d) shorter side

application of additional processing (aimed to
safely perform further processes). Figure 4 pre-
sents (from various sides) the surface of the
specimen cut out of the 6 mm thick plate.

The most favourable surface parameters (af-
ter oxygen cutting) were those of the specimens
cut out of the 6 mm thick plate. The surface
also contained the visible area of penetration,
yet it was so small that it could be regarded
as negligible. The edge of the plate was also
characterised by the presence of grooves in the
upper plane, yet not as clearly visible as those
observed in relation to the thicker plates. The
lower surface of the plate contained slight trac-
es of cinder and a small amount of overhangs.
On the basis of the above-presented observa-
tions it could be stated that an increase in the
thickness of a given element subjected to cut-
ting was accompanied by deteriorating surface
quality, which, in turn, could imply the improp-
er adjustment of process parameters. However,
it should be noted that the cut-out specimens
only represented fragments of the plates and,
as a result, certain features characteristic of a
given process might have remained unnoticed.
Oxygen-based processes are characterised by
the significant concentration of energy affect-
ing a relatively small area, which could lead to
shape deformations when cutting thin plates/
sheets and, consequently, adversely affect the
shape of a predefined cut-out.

To analyse the cross-section in more de-
tail, each edge (after cutting) was observed at
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magnification (Figures 5-7). Figure 5 presents
the cross-section of the edge of the specimen
(designated with the rectangular rim) cut out
of the 20 mm thick plate.
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Fig. 5. Edge of the 20 mm thick plate after oxygen cutting
from side a) A and b) B

Figures 5a and 5b present the edges of the
plate after cutting (side A and B). In relation to
the 20 mm thick sheets, the cross-sectional re-
duction was significant. It was also possible to
notice the clearly visible lack of edge rectilin-
earity. The deformation of the edge was great-
er in the upper surface of the plate (exposed to
an intense exothermic reaction leading to the
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b)

Fig. 6. Edge of the 12 mm thick plate after oxygen cutting from side a) A and b) B

oxidation of the material at a certain depth). In
the metallographic specimen it was also possi-
ble to observe the heat affected zone (of a sig-
nificant size in relation to the process (Table
2)). Figure 6 presents the cross-section of the
edge of the specimen (designated with the rec-
tangular rim) cut out of the 12 mm thick plate.

The metallographic specimens (Figures 6a
and 6b) made of the 12 mm thick specimens
subjected to oxygen cutting revealed the en-
tirely different nature of the edges. One of the
edges was characterised by the significant de-
pletion of the cross-section, whereas the other
edge did not reveal such a tendency. The above-
named phenomenon could be ascribed to the
“upsetting” of process conditions. The metallo-
graphic specimens also revealed the width of
the heat affected zone, which also proved sig-
nificant in relation to the specimen having a
thickness of 12 mm. Near the lower surface of
the plate it was possible to notice a significant
overhang and traces of cinder.

Figure 7 presents the cross-section of the
edge of the specimen (designated with the rec-
tangular rim) cut out of the 6 mm thick plate.

In terms of the specimen having a thickness of
6 mm, the oxygen cutting process was responsi-
ble for the highest heat input (Figures 7a and7b).
In comparison with the thickness of the material,
the heat affected zone was very wide. The loss of
material was also significant as regards the edge
designated as B. The upper part of the edge con-
tained visible partial burning. The macroscopic
metallographic specimen revealed the presence of
an overhang on one of the edges. The above-pre-
sented appearance and the nature of the edge after
oxygen cutting confirmed that the process signifi-
cantly degraded the edge of the material subjected
to cutting and that the application of oxygen cut-
ting was unfavourable in relation to thin elements.

The width of the heat affected zone signifi-
cantly affected the element subjected to cutting.
The HAZ reflected the degree of material deg-
radation triggered by the heat source applied in
the process. The heat affected zone was the area
of many structural transformations, changes of
mechanical properties and a local increase in
hardness. The measurement results concerning
the HAZ width, obtained in the macroscopic
tests, are presented in Figure 8 and Table 2.

b)

Fig. 7. Edge of the 6 mm thick plate after oxygen cutting from side a) A and b) B
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a) b)

Fig. 8. Width of the HAZ after the oxygen cutting of the plates having a thickness of a) 20 mm, b) 12 mm and ¢) 6 mm

Table 2. Width of the HAZ after the oxygen cutting of the
plates having a thickness of 20 mm, 12 mm and 6 mm
20 12 6

0.89 0.92 0.53

Plate thickness, mm
HAZ width, mm

Microscopic tests

The detailed analysis of the cut edge of each
specimen involved the performance of micro-
scopic tests, aimed to identify the shape of the
edge and precisely determine the width of the
HAZ in three areas, i.e. in the upper surface, in
the central part of the cross-section and in the
lower area of the plate. In relation to all thick-
nesses, the tests were performed using a mag-
nification of x50. Only one reference edge of
the cross-section was subjected to the test. Fig-
ures 9—11 present the microscopic images of the

metallographic specimens of the plates having a
thickness of 20 mm, 12 mm and 6 mm respec-
tively (from the upper through the central to
the lower zone):

The values of the HAZ identified in the mi-
croscopic tests in relation to the three zones of
the plates having a thickness of 20 mm, 12 mm
and 6 mm are presented in Table 3.

Hardness measurements in the
cutting zone

Thermal cutting not only triggers structural
transformations but is also responsible for a
local increase in hardness, which, in turn, ad-
versely affects the mechanical workability or
weldability of materials. The hardness meas-
urements involved the plate specimens used in
the previous tests. The first measurements were

Fig. 9. Microscopic metallographic specimens of the 20 mm thick plate after oxygen cutting: a) upper zone near the
heat source, b) central zone and ¢) lower zone

Fig. 10. Microscopic metallographic specimens of the 12 mm thick plate after oxygen cutting: a) upper zone near the
heat source, b) central zone and ¢) lower zone
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Fig. 11. Microscopic metallographic specimens of the 6 mm thick plate after oxygen cutting: a) upper zone near the

heat source, b) central zone and ¢) lower zone

Table 3. Width of the HAZ in relation to the 20 mm, 12 mm and 6 mm thick plates

) HAZ width in relation plate thickness
HAZ width measurement zone
20 mm 12 mm 6 mm
upper 1380 um 1000 um 1220 um
central 1000 um 880 um 900 um
lower 910 pm 900 um 810 um

Table 4. Hardness measurement results after the oxygen cutting of 20 mm, 12 mm and 6 mm thick plates

.Plate Hardness HV5 / Average hardness
thickness, . on the cut surface,
Distance from the cut edge, mm
mm HV5
566 | 501 | 332 | 289 | 244 | 232 | 214 | 210 | 208 | 204 | 201
20 271
0.19(0231039| 04 | 06 062 0.7 | 0.7 | 09 [092] 1.0
299 | 296 | 286 | 262 | 216 | 216 | 214 | 208 | 204
12 252
0220241025 03 | 051055052 06 | 0.7
210 | 210 | 204 | 195 | 185
6 237
0251 03 ] 05 | 07 | 09
performed on the cross-sec-
tion, perpendicularly to the Hardness distribution, plate thickness 20 mm
600
cut edge - in various areas
(near the edge and in the sta- 500
bilized zone, i.e. where hard- .
>
ness no longer changed). The =
subsequent tests involved the g 300
cut surface. Afterwards, the £ oo
results of all measurements
were compared and used to 100
identify hardness distribu- .
tion. The results of hardness 0 02 04 06 08 1 12

measurements are presented
in Table 4, whereas hardness
distribution is presented in
Figures 12-14.
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Distance from the cut edge in mm

Fig. 12. Hardness distribution in the cross-section of the 20 mm thick specimen
subjected to oxygen cutting
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In oxygen-based processes,
the temperature of the flame
significantly longer affects a
given workpiece (even after
its division), leading to a de-
crease in the cooling rate. It
is also possible to observe the
fluidisation of the material on
its edge, which, in terms of
oxygen cutting, significantly
reduces hardness. 0
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Summary

After oxygen cutting, the sur-
face was characterised by sig-
nificant smoothness, with
few grooves and deviations
of linearity. The surface also
contained traces of cinder.
The degradation of the pro-
file was rather high, which
resulted primarily from the
heat source effect, respon-
sible for the partial melting
of the upper edge (frequent-
ly) and the formation of slag 0
overhangs on the lower part.
The width of the heat affected
zone was also significant (ap-
proximately 1mm-1.5 mm),
particularly in the upper area, on the side af-
fected by the heat source. The HAZ tended to
be wider in the thicker elements. The cut zone
was also characterised by higher hardness — the
higher, the thicker the material subjected to
cutting. The maximum hardness values ob-
tained in relation to the 20 mm and 12 mm
thick plates exceeded the permissible values
specified in requirements for welded joints. Be-
cause of the above-presented inconveniences,
surfaces subjected to oxygen heating should
be next subjected to treatment aimed to satis-
ty requirements related to welding processes.
An undoubted advantage of oxygen cutting is
its versatile applicability in non-mechanised,
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Hardness distribution, plate thickness: 12 mm

0,2 0,3 0,4 0,5

Distance from the cut edge in mm

0,6 0,7 0,8

Fig. 13. Hardness distribution in the cross-section of the 12 mm thick specimen

subjected to oxygen cutting

Hardness distribution, plate thickness: 6 mm

\

0,2 0,3 0,4 0,5 0,6

Distance from the cut edge in mm

0,7 0,8 0,9 1

Fig. 14. Hardness distribution in the cross-section of the 6 mm thick specimen

subjected to oxygen cutting

mechanised and automated processes. Oxygen
cutting is also very useful within a wide range
of structural materials in relation to fixing, re-
furbishment and repair works.
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