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Safety Measures for Thermite Welding
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Abstract

Thermit welding is widely applied to the repair of coke oven carbonization chamber walls as a simple and highly

durable repair technology, but it is a technology to transport materials containing metal Si by oxygen, sufficient safety

measures must be taken. Especially, abnormal combustion such as backfire and unexpected ignition in the material feed

line is a phenomenon rarely observed until now. At present, safety is ensured by realizing all possible countermeasures

in apparatus, materials, and work for the suppression of backfire and unexpected ignition and prevention of secondary

accidents.
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1 Introduction

The term “thermite welding” comes from the
thermite reaction of metallic silicon with oxygen expressed
by Equation (1) to generate a large amount of heat.” The
process is characterized by the ease of operation compared
with flame gunning and the absence of adverse effects on
the refractory to be repaired caused by the slurry water of
dry gunning, and as such, it has been effectively used for
the hot repair of coke ovens.

Si + Oz = SiOs )]

On the other hand, it involves high-speed
pneumatic transfer of powder material containing metallic
Si with oxygen gas and the Si + O2 combustion at the
refractory surface to be repaired, and consequently, there is
always the danger of backfire and unexpected ignition. The
present section explains the measures that we took to

decrease the possibility of danger to the very minimum.

2 Process of thermite welding

Coke ovens are repaired in heat using unshaped
refractories by the methods of dry gunning, flame gunning,
and thermite welding; the most suitable method is selected
in consideration of factors such as the surrounding
conditions of the oven, the portion to be repaired, and the
type of damage.

Figure 1 shows the principle of thermite welding,
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Fig. 1 Principle of thermite welding

and Fig. 2 the configuration of the equipment. The process
consists of pneumatic transfer of a mixture of refractory
and metallic Si in powder using oxygen gas, spraying them
through a nozzle, and having the Si oxidize (thermite
reaction) at the surface to be repaired so that the refractory
material is quickly melted by the reaction heat and forms a
gunned body there. The durability of the gunned body
obtained is superior to that of dry gunning, which involves
material agglomeration and hardening through reactions
with water, but inferior to that of flame gunning, whereby
the material is melted for a comparatively long time in the
combustion flame of propane and oxygen and solidified on
the object surface.

For the thermite welding process to start it is
necessary to receive heat from the object surface, but when
it is not hot enough, the work can be started using a gas
burner or some other ignitor. In this case, however, the
sprayed material is not melted sufficiently, and the adhesion
and durability of the gunned body tend to be poor. In
addition, when the distance from the nozzle to the object
surface is too short, the sprayed material rebounds, and the
danger of backfire due to excessive heating of the nozzle
increases, and when the distance is too large, on the other
hand, the combustion becomes insufficient and the
adhesion and durability tend to be poor: it is important to
keep the distance at 50 to 100 mm. The operation of
thermite welding is made easier with a simplified and light-
weight equipment system, while the durability and
bonding strength of the gunned body and work safety
generally depends on the condition of the surface to be
repaired and the operators’ skill.
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|
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Fig. 2 Configuration of thermite welding apparatus
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3 Safety measures
31 Main problems, danger, and countermeasures

The main problems of thermite welding are
backfires and @ unexpected ignition. Either of them may
lead to a serious accident, but the safety of the process can
be secured by taking adequate countermeasures.

(D A backfire occurs when the combustion speed of
the material exceeds the oxygen flow rate in the nozzle; it
is often triggered by rebound material grain entering the
nozzle or an increase in the material combustion rate due
to the temperature rise of the nozzle during work inside a
hot oven. Moments before a backfire, sparks are seen to
flash out from the nozzle in most cases, and it can be
prevented from occurring by closing the oxygen flow at the
sight of them and before the fire enters the material feed
line. The countermeasures against backfires consist of (i)
suppression of its occurrence, (ii) procedures at the sight of
the warning sign, and (iii) prevention of secondary
accidents.

(@ Unexpected ignition is the combustion of the
refractory material in the feed line triggered by a spark or
an electrostatic discharge during its transfer at high speeds;
it occurs without any previous warning signs. Its
countermeasures consist of (i) suppression of its occurrence,
and (ii) prevention of secondary accidents.

In the case of either a backfire or unexpected
ignition, the material burns violently in the oxygen
atmosphere in the feed line, and unless adequate measures
are quickly taken, the material, the hoses, and other
combustible parts of the equipment will be lost, and
moreover, burning material may be ejected from the
broken hose together with the oxygen, leading to an
extremely dangerous situation. It is therefore essential to
avoid its occurrence and take quick measures to prevent
secondary accidents.

3 +2 Countermeasures against backfire
3+2+1 Preventive measures

A backfire is caused by nozzle clogging by
rebounding refractory material or the like, oxygen leakage
due to wear and breakage of the material feed line, and
reduction of the oxygen flow rate that may result from
various anomalies. When a burning lump of the material
rebounds and enters the nozzle, it is also highly likely to
cause a backfire. Overheating of the nozzle is another
possible cause.

The countermeasure against backfires on the
equipment side is to use a small diameter nozzle. When the
nozzle diameter is small, the oxygen flow speed increases to
reduce the likelihood of a backfire. To prevent a backfire
from occurring, the equipment measures alone are
insufficient: it is essential to take operational measures
such as inspecting before use as to whether there is clogging
of the nozzle, wear of the material feed line possibly leading
to breakage, bending of the hose, reduction of the oxygen
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Fig. 3 Overview of standard thermite welding
apparatus

pressure in the feed line, etc. Changing an overheated
nozzle with a cooler one is another operational measure,
but this depends on the judgment of the operator.

3°+2+2 Quick action before and at the occurrence of a
backfire

Figure 3 shows an overview of a standard thermite
welding apparatus. There are no measures to prevent a
backfire completely, but in most cases visible signs of one
appear a little before its occurrence, and the apparatus is
equipped with a foot pedal to stop the oxygen flow; it is
connected to the apparatus with a hose and it is possible if
needed to stop the operation from a safe position. Although
the operator’s decision and intervention are required, it is
possible to prevent a backfire by adequately actuating the
pedal, and even after a backfire has occurred, it is possible
to prevent secondary accidents by quick action.

Figure 4 shows a photograph of a lightweight
thermite welding apparatus having excellent workability of
about 30 kg in comparison with a standard thermite
welding apparatus having a weight of 65 kg or more. At
present, the development of the lightweight apparatus is in
the final stage, and the trial operation of the Coke ovens is
finished, and the improvement in the maintainability is
being examined. The lightweight apparatus can also
change the foot pedal to a more lightweight specialized
emergency stop button.

‘. ] a

Emergency stop button

Fig. 4 Photograph of lightweight thermite
welding apparatus
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3+3 Countermeasures against unexpected ignition
3+3+1 Preventive measures

Unexpected ignition of the spray material is caused
by the sparks of the spray material’s collision with the feed
line and electrostatic discharge due to causes such as
friction.

Since the necessary elements of ignition are a heat
source (an ignitor or fire), oxygen, and combustible
material, the countermeasures against ignition consist of
eliminating or minimizing any one of them. Although it is
practically impossible to eliminate any one of oxygen,
combustible material, and fire completely, it is possible to
control them.

On the equipment side, the occurrence of fire is
minimized by removing protrusions on the inner surface
of the material feed line as far as possible and avoiding the
use of a material that is prone to cause sparks at collision
(common carbon steel) for the feed line. Burrs on the inner
surface are removed at the manufacturing stage, and the
lance and the nozzle, which are used inside a hot oven, are
made of stainless steel, which has the same heat resistance
and strength as those of carbon steel but emits fewer sparks
at collision. In addition, the apparatus has a grounding
cable to be connected to a backstay or some oven structural
member made of metal to prevent electrostatic discharge.

Other measures have been taken in terms of the
material composition so as to avoid ignition even when all
the three factors of combustion are given. The prerequisites
for work safety are to maintain the apparatus free from
oxygen leakage, keep the oxygen pressure as prescribed,
and operate the apparatus in prescribed conditions under
the prescribed setting of operating parameters. The
chemical composition of the spray material is designed
such that its injection amount from the nozzle is kept
below the lower limit concentration of explosion with
respect to the oxygen flow rate; by this it is possible to
maintain a condition where combustion does not advance
even when the three necessary factors for combustion are
temporarily given. To raise the lower limit concentration
of explosion, or to hinder the progress of combustion, it is
necessary to lower the Si content in the refractory material,
but melting property is greatly lowered by simple reduction
of Si content, sufficient melting property is ensured by
addition of MgO as a combustion auxiliary and addition
of sintering auxiliary, etc., and a high durability result is
obtained even in repair of coke ovens.

Table 1 shows typical characteristics of gunned
body. MgO added material is dense and high strength, and
aimed at high durability. The addition of sintering aid
results in fast build-up of the gunned body ,or the volume
of gunned body formed per hour is large, and aimed at
high construction efficiency.



Table 1 Typical characteristics of gunned body

MgO addition Sintering aid addition
Feature Dense and high strength High build-up
high durability high construction efficiency
Chemical composition/mass%
SiO, 72 82
MgO 10 —
Build-up speed (index) 100 211

Cross section of gunned body

-
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Bulk density 2.34 1.95
Apparent porosity /% 7.8 11.5
Crushing strength /MPa 121 113
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3°+3+2 Quick action at the occurrence of
unexpected ignition

At present, there are no measures to completely
prevent unexpected material ignition, but the apparatus is
provided with devices to suppress secondary disasters: one
is a blow-up lid of the material tank acting as a pressure
release mechanism, and the other is a limit switch to
automatically stop the oxygen blowing actuated by the
blow-up of the lid. The foot pedal mentioned earlier is
another emergency stop device to be actuated by the
operator as a stand-by in the unlikely event of the above

automatic stop mechanism failing to work.

4 Summary

(D Thermite welding is capable of forming a highly
durable refractory gunned body by simple operation. Since
water is not used, no damage is inflicted on the refractory
surface to be repaired. As such, the process is indispensable
for hot repair of coke oven refractories.

(@ Although it is impossible to perfectly prevent
backfires and unexpected ignition of the spraying material
by measures related to the apparatus and the material, and
operators’ intervention is always required, every conceivable
measure to prevent accidents has been incorporated in the
apparatus, and the method has been successfully used for
oven repair.

(As the next step, we would like to complete the
lightweight thermite welding apparatus in the final stage
of development, and realize safe and minimally workable
thermite welding.
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