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INSTALLATION FOR PREPARING GALVANIZED STEEL SCRAP 
FOR USING AS CHARGE MATERIAL 

IN INDUCTION MELTING FACILITIES
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Proposed is construction of installation for removing zinc from galvanized steel scrap in order to prepare it 
for using as charge material in induction melting facilities. The dimensions of the installation working capacity for 
processing steel scrap over one work cycle of the installation have been calculated. The installation is designed for 
removing zinc from galvanized steel scrap by chemical refi ning. This method consists in chemical drawing of zinc 
from steel base at the expense of the effect of hydrochloric acid aqueous solution (initial concentration of hydro-
chloric acid 9 % by weight) on scrap during a set period of time. For protecting steel base from dissolving in acidic 
medium hexamethylenetetramine (urotropin) in the amount 2,5 % by weight is used as short stopping agent.
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Secondary material resources can reduce the 
need for constantly rising in price primary ma-
terials necessary for the operation of machine-
building companies. This is especially true for 
the foundry sector. A modern approach to the or-
ganization of production systems involves recy-
cling (reuse) of recycled materials and products 
after their operation period for manufacturing 
useful products according to the scheme: “mate-
rial – product – secondary materials – second-
ary products” [1]. So returning galvanized steel 
scrap generated in large quantities in the auto-
motive industry to its own production chain can 
signifi cantly improve the production effi ciency 
of the foundry sector of machine building en-
terprises by reducing the cost of raw materials.

In the modern production of automobile 
and machine-building industry galvanized 
steel sheet with zinc coating thicknesses of 
20–60 microns is widely used as a basic mate-
rial. As a result, large amounts of waste galva-
nized steel sheet (Fig. 1) accumulate, the use of 
which for iron smelting is diffi cult in case the 
melting areas of machine-building enterprises 
are equipped with induction melting furnaces.

In induction melting facilities remelting of 
galvanized steel scraps is hindered by a num-
ber of factors: 

– deleterious effect of emitted during melt-
ing fume containing harmful substances on 
furnace operators as well as the need in expen-
sive refi ning equipment;

– heavy fume emission restricts visibility 
in a melting section which may cause factory 
accidents; 

– possibility of weakening of the lining 
of melting furnace and increased risk of melt 
leakage connected with the consequences of 
active physico-chemical interaction of zinc 
with refractories;

Fig. 1. Galvanized steel scrap

– increased risk of liquid melt discharge 
from the furnace resulting from boiling which 
takes place at the contact of galvanized scraps 
with liquid melt;

– decline in the quality of the obtained 
alloy due to deterioration of the mechanical 
properties of the material of castings (hardness, 
percentage elongation).

Remelting galvanized steel scraps at spe-
cialized iron and steel enterprises is also con-
nected with large fi nancial costs primarily of 
logistics, thus there arises the need for recy-
cling galvanized steel scrap, namely removing 
zinc from a steel coated base in their own pro-
duction conditions.

Removing zinc coating from steel scraps
The following methods for processing gal-

vanized steel scraps are used in international 
practice: [2]

– Remelting in an electric arc furnace;
– Chlorination of galvanized scrap;
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– MRI-technology;
– Vacuum evaporation of zinc;
– Electrochemical separation of zinc;
– Chemical separation of zinc.
One of the promising methods of remov-

ing zinc from galvanized steel scraps appears 
to be a chemical method of refi ning waste in 
a hydrochloric acid aqueous solution, scheme 
of which is shown in Fig. 2.

The method is based on a chemical reaction 
between zinc and a hydrochloric acid aqueous so-
lution. As a result of a chemical reaction of zinc 
and hydrochloric acid interaction steel scraps are 
completely cleaned from the zinc coating and can 
then be used as charge material for iron smelt-
ing in induction furnaces. For the refi ning pro-
cess technical hydrochloric acid [3] and technical 
hexamethylenetetramine [4] are used.

For protecting steel base from dissolving in 
the interaction of acid and iron a small amount 
of technical hexamethylenetetramine (urotro-
pin) is added to the solution as short stopping 
agent. The following original data have been 
established experimentally: initial concentra-
tion of hydrochloric acid 9 % (250 g/l of tech-
nical acid), the concentration of hexamethyl-
enetetramine – 2,5 % (2,5 g/l). Temperature of 
the solution is 20 °C. The ratio of acid to water 
is 1:3, which allows to exclude the effect of 
“vapouring acid” and to ensure the removal of 
the zinc coating from the steel base with an ini-
tial velocity of 5–10 microns per minute.

The technology is implemented as follows. 
Galvanized steel scraps are placed in a tank 
with the capacity corresponding to one pro-

cessing cycle. The required amount of water at 
a water temperature of 10–30 °C is added. Then 
hexamethylenetetramine at a rate 2,5 g/liter is 
added to the water with scraps. Next, technical 
hydrochloric acid in the amount of 250 g/liter 
is poured into the water. The amount of pro-
cessed waste is calculated in such a way that 
the processing cycle at an average temperature 
of 20 °C does not exceed 30 minutes. During 

processing waste it is necessary to provide for 
the withdrawal of evolved gases (hydrogen). 
For this purpose alloys-absorbents of hydrogen 
based on TiFe and titanium or Zr(Fe, Mn, Cr, 
Fe, V, Ni)2 can be used. Also to remove hydro-
gen from the reaction zone a production hood 
can be used [5]. After a specifi ed time the solu-
tion is drained and sent for further recycling, 
and steel scraps can be used as charge mate-
rial for iron smelting in induction furnaces in 
foundries of machine-building enterprises.

Installation for removing zinc coating
It is proposed to use the refi ning installa-

tion of following construction (Fig. 3). The 
installation represents a container of the drum 
type consisting of stationary part 2 fi xed on 
base 1 and the movable part of mesh 3, which 
is driven in rotation by an electric motor 
through a reducer (not shown). For the purpose 
of protection from aggressive acidic solution, 
the reactor is made of corrosion-resistant alloy, 
for example KHN65MV or Н70МF [6]. The 
dimensions of the movable and stationary parts 
are calculated based on the volume of waste 
to be processed in one cycle of operation. The 

Fig. 2. Diagram of refi ning of galvanized steel scraps
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percentage of fi lling the installation with waste 
and the reaction solution seems appropriate to 
be 70–80 % of the total installation for a more 
complete reaction between the zinc coating and 
the acidic solution. The distance between the 
inner surface of the stationary part and the out-
er surface of the movable part should be mini-
mal. It is advisable to take it equal to 50 mm. 
On the basis of the average density of the load-
ed waste 3000 kg/m3 and the amount of waste 
that is processed per cycle 100 kg with fi lling 
the working cavity at 80 %, overall dimensions 
can be taken as follows: the inside diameter of 
the stationary part D = 900 mm, external diam-
eter of the movable part of the d = 800 mm, the 
length of the working container l = 800 mm.

Fig. 3. Installation for removing the zinc coating 
from galvanized steel scraps

The process of refi ning steel scraps is as 
follows: through the loading hatch 4 in the 
movable part of the installation 3, made of 
steel mesh, galvanized steel scraps are load-
ed. Then with the help of the pump 5 and the 
system a hydrochloric acid aqueous solution 
with hexamethylenetetramine is supplied, af-
ter which the movable part is driven in rota-
tion. After fi nishing the refi ning process with 
the help of the drain pump 6 of the working 
chamber of the installation the processed solu-
tion is removed, then the cleaned steel scraps 

are discharged through the discharge hatch 7. 
After drying, they can be used as charge ma-
terial for iron smelting in induction furnaces. 
The aqueous solution of zinc salt as the result 
of the reaction can be used as electrolyte in zin-
cifi cation, i.e. returned to the productive chain 
of the enterprise, if its structure has electroplat-
ing shops or sent for recycling to other options.

Conclusions 
Analysis of the results obtained from 

laboratory experiments shows that process-
ing 1 tonne of galvanized steel scraps requires 
about 70 liters of hydrochloric acid and 0,8 kg 
of technical hexamine (dry substance). With 
the cost of technical hydrochloric acid up to 
90,000 rubles per 1 tonne (approximately 
10 rubles per 1 liter) and the cost of hexamine 
up to 60,000 rubles per 1 tonne, the estimated 
cost of materials for processing 1 tonne of steel 
scraps will amount to 750 rubles [7]. Based 
on the value of secondary materials for cast 
iron smelting (from 12000 rubles per 1 tonne), 
the costs of materials for processing galva-
nized steel scraps and the costs of producing 
and maintaining the installation it can be con-
cluded that using the proposed installation for 
withdrawal of the zinc coating from galvanized 
steel scraps at the amount of at least 20 tonnes 
per month is economically feasibile.
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