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Thermal lance is one of the methods for concrete cutting/piercing. The burning lance not
only provides high temperature to melt the concrete target in the form of lava, but also has
a eutectic effect changing the lava melting temperature. The eutectic effects by adding
lance material such as FeO, Al2O3 and TiO2 to concrete (SiO2-CaO) system are discussed.
The discussion and concrete piercing experiments both show that, due to eutectic
generation effects, aluminum and titanium modified lances are not effective on concrete
objects although these lances provide high lance temperature. Iron based lance is the most
effective thermal lance due to its eutectic generation effect. Experimental results of cutting
improvement by using chemically modified iron lance are presented and the eutectic
generation effect in this process is discussed. C© 2004 Kluwer Academic Publishers

1. Introduction
The technique of oxygen thermal lancing has been tra-
ditionally used to cut metals. This technology has been
developed and widely used since the World War II. Us-
ing an improved lance technique - iron core lance [1]—
the lance power output was increased and the technol-
ogy could be applied to concrete cutting.

In the thermal lancing process, a piece of the lance
rod (usually made of a low carbon steel tube with the
iron wire assembly inside) reacts with oxygen flowing
through the center of the metallic tube assembly. The
oxidation reaction generates a large amount of heat that
is capable of melting/oxidizing the target. Gaseous oxy-
gen that is in excess is blowing off the molten target in
the form of lava. The wire core lance burns at a temper-
ature of about 3000◦C; hot enough to melt cement, sand
and aggregate [2]. Steel reinforcement in the concrete
is not an obstacle; on the contrary, it provides additional
fuel for the burning process.

Compared with the mechanical cutting of concrete,
thermal lance cutting has the following advantages:

• Easy to handle
• Low investment cost
• Precise in cutting holes
• No noise, vibrations, or shocks during cutting
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• Cuts both metal and concrete
• Operates in tight and awkward spaces
• Avoids damage, in particular mechanical damage,

to the parts of the structure that are to be preserved.

The disadvantages of thermal cutting are as follows:

• The large quantity of smoke which will spread con-
tamination unless is can be contained effectively,
cooled and filtered [3].

• High temperature lava is generated during the cut-
ting process which restricts the working environ-
ment and requires special care to be taken.

One of the major modifications of the wire core ther-
mal lance is the replacement of the iron with other met-
als such as aluminum, titanium and magnesium [4, 5].
The adiabatic combustion temperatures of these metals
are higher than that of iron. The lance made of these
metals is supposed to provide a higher temperature than
an iron-based lance.

In this paper the eutectic generation effect of metal
oxides (provided by the lance) on the concrete cut-
ting/piercing process is discussed. The ternary phase
diagrams (Figs 1, 2 and 3) [6–8] show that lava gen-
erated by the iron based thermal lance has a lower
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Figure 1 Equilibrium diagram of part of the system, FeO-SiO2-CaO [6].

melting temperature than those generated by aluminum
and titanium based lances. Experimental results have
shown that chemical modification of the iron based ther-
mal lance (Hot-KizzTM [9]) improved lance piercing
performance.

2. Eutectic generation effect by metal oxides
in concrete cutting process

Iron replacement with other metals such as aluminum,
titanium and magnesium is one of the major modifica-
tions of the thermal lance. The adiabatic temperatures of
combustion of these metal-oxygen systems calculated
by the code of Gordon-McBride [10] are listed in
Table I.

Table I shows that aluminum and titanium have sub-
stantially higher adiabatic temperatures than iron. The
adiabatic temperature of magnesium is comparable to
that of iron. Therefore, it is possible to increase the lance
temperature by replacing iron with aluminum and/or ti-
tanium. Using magnesium would not cause a substantial
lance temperature increase.

T ABL E I Adiabatic temperature of metal-oxygen combustion system

Output T (K)
Reaction Input T (K) adiabatic temperature

2Fe + O2 = 2FeO 298 3325
4Al + 3O2 = 2Al2O3 298 3964
2Mg + O2 = 2MgO 298 3393
Ti + O2 = TiO2 298 3929

However, in the concrete cutting process, lance tem-
perature is not the only factor that affects the cutting
performance. Another key factor is the eutectic gen-
eration effect of the metal oxides. Eutectic generation
effect is the decrease of lava temperature by adding
metal oxide to the lava [11]. In a system of multi com-
ponents, the melting temperature of the system can be
lower than the melting temperature of each component
because the eutectic mixture is generated.

The metal oxides (MOx ) supplied by the lance form
melting lava together with the concrete components
during the cutting. The lava can be considered as a
ternary system of MOx -SiO2-CaO assuming the ma-
jor components of the concrete are SiO2 and CaO. The
SiO2-CaO (lava) melting temperature can be decreased
by adding a third component, MOx . The lower melting
temperature the lava has, the easier its removal. The
cutting/piercing rate is mostly determined by the lava
removal speed. Malier [11] reports that when an iron
lance is used for concrete, the reaction system of the
FeO-SiO2-CaO obtains a relatively low melting point
in the 1100 to 1300◦C range. In the phase diagram of
SiO2-CaO system [12], the lowest eutectic point of the
system is above 1400◦C. Therefore, adding FeO to the
SiO2-CaO system significantly decreases the melting
point of the system. The ternary phase diagram of FeO-
SiO2-CaO system [6] is shown in Fig. 1.

The concrete can be considered approximately as
a mixture of cements (CaO + SiO2), sand (SiO2) and
coarse aggregates. The weight percentage of SiO2 in
different cements varies from 25 to 29% [13]. To make
a simple estimate of the SiO2 weight percentage in the
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Figure 2 Equilibrium diagram of the system Al2O3-SiO2-CaO [8].

concrete, we used the composition of cement type I
(25.8% SiO2) [13]. The sand and cement weight ratio
for field use concrete is about 2:1 [13]. It is difficult
to predict the chemical compositions of the aggregates.
To simplify the case studied, we considered the con-
crete made of sand and cement (2:1) only. We applied
the same rule for the experiment concrete samples we
made. Based on the compositions given above, the cal-
culated SiO2weight percentage of the concrete made
by sand and cement type I is about 78%. Since con-
crete is such a complicated mixture, the SiO2 weight
percentage can vary greatly from 50 to 90%.

The FeO-SiO2-CaO diagram in Fig. 1 reveals the ex-
istence of a thermal valley that shows relatively low
melting point and the valley is rather wide to cover
the weight percentage variation range of concrete (50–
90%). The two solid arrows in the diagram describe the
lava melting temperature change when iron oxide from
the burning lance is added. Fig. 1 shows that the melting
temperature of FeO-SiO2-CaO system decreases as the
FeO concentration increases for fixed SiO2-CaO ratio
(along the direction of the solid arrows). This explains
why the wire core lance is more efficient than the pro-
totype lance [2]. The prototype lance was made with
centered iron tube(s). The linear density of the lance is
lower than that of the iron wire core lance. The reaction

of iron is a surface reaction [14]. Therefore, there is not
a substantial difference between the burning rates (m/s)
of both types of lances. Assuming the burning rates of
two types of lances are the same, iron core lances pro-
vide more iron oxide to the concrete than the prototype
lance because it has a higher linear density. The melting
temperature of FeO-SiO2-CaO system for an iron core
lance can be as low as 1100◦C.

As aluminum and titanium can provide higher lance
temperatures, the eutectic generation effect of Al2O3
and TiO2 is investigated. The ternary phase diagrams
of Al2O3-SiO2-CaO [8] and TiO2-SiO2-CaO [7] are
given in Figs 2 and 3 respectively.

In Figs 2 and 3 there is not a thermal valley that
has both relatively low melting temperature and a wide
composition range. In the ternary system of Al2O3-
SiO2-CaO, several thermal valleys can be found. How-
ever, these valleys are narrow, which means they are dif-
ficult to be reached without extremely precise propor-
tioning of the three components. Since thermal cutting
is a crude method, extremely precise proportioning is
impossible. Most of the invariant points (the lowest the-
oretical melting temperature) in the thermal valley cen-
ter are above 1300◦C. When a large amount of Al2O3
is added to the system at low cutting/piercing rate, the
system’s melting temperature increases substantially.
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Figure 3 Proposed phase equilibrium diagram for the system TiO2-SiO2-CaO. Compositions are in wt%; temperatures in ◦C. Heavy lines are phase
boundaries; fine lines are isotherms (dashes in both cases indicate uncertainty). Heavy dash-dot lines indicate boundaries of two-liquid region. Letters
refer to invariant points listed [7].

This makes the cutting/piercing more difficult. There-
fore, introducing Al2O3 to the SiO2-CaO system cannot
decrease the system’s melting point in general.

Adding TiO2 has the similar effect as adding Al2O3.
In the ternary system of TiO2-SiO2-CaO, all of the in-
variant points (A to Q) listed in the diagram are above
1400◦C or close to 1400◦C. The thermal valleys are rel-
atively wide, but the melting temperatures are generally
high. The system’s melting temperature also increases
substantially when large amount of TiO2 is added at
low cutting/piercing rate. The cutting/piercing becomes
more difficult.

To summarize, it can be stated that replacing iron
by aluminum or titanium may increase the lance
temperature. However, this improvement is offset by
the increased melting temperature of the systems. Pen-
etration experiments of the iron wire core lance and ti-
tanium/aluminum modified lances proved this fact. The
penetration rate of the iron wire core lance was about
0.1–0.15 cm/s. When titanium and aluminum modified
lances were used, it was impossible to make a hole after
the entire lance had been consumed. The experimental
results have shown that the increased lance temperature
was not able to offset the increased lava melting point.
The iron lance performs best.

3. Chemical modification of iron based lance
The commercially available iron based thermal lance
(CAL) was chosen for further modification because it
outperformed the other two types made by titanium and
aluminum.

In our modification, a solid fluorine compound was
applied to the lance [9]. The fluorine compound is able
to convert SiO2 to volatile SiF4 and remove it from
the system [15]. Therefore, the total amount of lava is
reduced, and the piercing rate is increased.

The fluorine modified lance (Outer diameter—3/8′′
(0.953 cm) developed by Ceramic and Materials
Processing, Inc., Hot-KizzTM) was compared with the
commercially available lance (Outer diameter—3/8′′
(0.953 cm), CAL). Experiments were performed with
different concrete block thicknesses at different oxygen
pressures (50 PSI (3.45×105 Pa), and 80 PSI (5.52 ×
105 Pa).

The concrete blocks were made by one part of
commercial cement and two parts of sand. The block
composition was semi-quantitatively analyzed using
the following chemical method. The concrete sample
was delivered to excessive amount of hot concentrated
HCl solution. Minerals except SiO2 were all dissolved
into the liquid solution. This solution was filtered.
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Figure 4 Performance comparison between commercial available lance
(CAL) and Hot-KizzTM under 50 PSI (3.45 × 105 Pa).

Figure 5 Performance comparison between commercially available
lance (CAL) and Hot-KizzTM under 80 PSI (5.52 × 105 Pa).

The weight of un-dissolved mass was measured as the
weight of SiO2. The calcium in the filtered solution is
precipitated by adding NaC2O4 solution into it. The pre-
cipitation (CaC2O4) was filtered and dried. Its weight
was measured. The semi-quantitative chemical analysis
showed the concrete block had about 77% of SiO2.

Different from mechanical cutting methods, thermal
lance cutting was not influence by concrete strength.
The target is melt out no matter how strong it is.
On the contrary, thermal lance cuts fast in rein-
forced concrete because the reinforcement acts as ad-
ditional fuel which increases the flame temperature.
This is another advantage of using thermal lance
cutting.

Figs 4 and 5 show that Hot-KizzTM has a higher pierc-
ing rate than the commercially available lance at both
50 PSI (3.45 × 105 Pa) and 80 PSI (5.52 × 105 Pa) in
each piercing concrete thickness.

In order to evaluate the piercing rate of the com-
mercially available lance (CAL) and the Hot-KizzTM

lance, we introduced the parameter, Relative Piercing
Rate Index (RPRI) defined below:

RPRI = PiercingRateHot-Kizz − PiercingRateCAL

PiercingRateCAL

Fig. 6 shows that when the concrete block is relatively
thin, the RPRI is as high as 1.2 at 50 PSI (3.45 × 105 Pa)

Figure 6 RPRI at 50 PSI (3.45 × 105 Pa) and 80 PSI (5.52 × 105 Pa).

and 0.7 at 80 PSI (5.52×105 Pa). With increasing block
thickness, the RPRI decreases.

4. Discussion
The explanation of improved performance of Hot-
KizzTM is based on partial lava gasification. As part
of the lava volatilizes from the system, the amount of
lava to be removed is reduced. This effect has improved
the piercing rate. Another improvement is that the mod-
ification also decreased the melting temperature of the
lava. The fluorine modification can only remove SiO2
from the system [15]. CaO stays in the system. This
decreased the weight ratio of SiO2 to CaO. From the
ternary phase diagram of FeO-SiO2-CaO (Fig. 1), this
fact can be understood as the solid arrow shifts down to
the CaO side (dash line). If the initial SiO2 weight per-
centage is above 65%, which is usually true, decreasing
the SiO2 percentage in the system decreases the system
melting temperature more quickly than adding more
FeO to the system.

If the concrete block thickness is around 10 cm, the
performance improvement is obvious. However, with
increasing concrete thickness the problems with the re-
maining liquid lava obstructing its removal increase.

When the oxygen pressure is increased from 50 PSI
(3.45×105 Pa) to 80 PSI (5.52×105 Pa), the RPRI de-
creases. It is obvious that higher oxygen flow increases
the lava removal; therefore, the difference of the pierc-
ing rate between Hot-KizzTM and the commercially
available lance (CAL) becomes less obvious.

5. Conclusions
1. The analysis of eutectic generation effect shows

that the iron-based thermal lance outperforms titanium
and aluminum modified thermal lances, although these
two lances have higher lance temperatures.

2. The chemically modified thermal lance, Hot-
KizzTM (Ceramic and Materials Processing, Inc.), im-
proved the lance piercing performance up to two times
when compared with the commercially available lance.

3. The improvement of chemically modified lances
can be explained by two effects: partial lava gasifica-
tion and lava melting temperature decrease due to SiO2
removal.
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