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The Cold-Box Amine method was developed in 1965 by Ashland. For more than 35 years, this method has been
applied worldwide and has become the most important method of cold curing. The veining is characteristic defect
of cast iron alloys, which accompanies the use of Cold Box-amine cores, the solution to this defect is the content of
this paper. There are many factors that affect the surface of the casting and thus the formation of veining. In recent
years, products have appeared on the market - additives to prevent veining. Castings using these products should
have a smooth surface, no protrusions and other foundry defects. These products have their irreplaceable place
on the foundry market, as it is often necessary to eliminate the castings that cannot be cleaned and therefore the
veining cannot be removed on these castings. They are predominantly castings for the automotive industry,
castings for the railway industry and, in the case of low-quality casting in these sectors, we can talk about gambling
with human life. Therefore, it is necessary to pay attention to the occurrence of leaks on castings and to eliminate
them with the use of the above-mentioned additives, but we must not forget about many other factors that support
the creation of this foundry defect. The paper is devoted to the factors influencing the casting surface and, last but

not least, to the used additives in foundries.
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1 Introduction

The quality of castings produced is a decisive factor
in their further use. In the foundry industry, it is very dif-
ficult, or even impossible, to produce castings without
foundry defects. That is why we need to study these mis-
takes and the possibilities to remove them. One of the
common foundry error on the rounded parts of castings is
veining, that occurs either individually or in combination
with other mistakes, most commonly with burn-on. Vein-
ing is characterized as veined or ribbed network cutouts
on the casting surface. Primarily they arise as a result of
the thermal expansion of the sand. The most commonly
used sand is quartz, but it undergoes transformation
changes, and as a result of these changes, stresses occur
in the subsurface parts of the mold, causing rupture in the
core where liquid metal can penetrate. Therefore, it is
necessary to pay attention to the sand used. As mentioned,
one of the causes of veining is the non-linear thermal ex-
pansion of the silica sand, so it is necessary to consider
the modifications, replacing this quartz sand with others,
with a linear thermal expansion. [1,2]

Another important factor is a used type of binder and
its amount. Both binder components form a core molding
mixture which is cured with a gaseous amine catalyst.

Another, now widely used method is the use of addi-
tives, i.e., auxiliaries, which are added to the core mixture
in order to mitigate the resulting tension due to transfor-
mation of quartz sand. Additives reduce the temperature
at which SiO, begins to soften and form a melt on the
grain surface, they increase reactivity and reduce the tran-
sition temperature to tridimite and cristobalite. These
transitions support the increase in the volume of subsur-
face sand tension and reduce the tension to form the vein-
ing on the surface of the core or mold. The available lit-
erature discloses how these ingredients act in the mixture,
it is clear that the manufacturers of these additives do not

put in the technical data sheets of which these additives
are manufactured, which component acts on the core mix-
ture and how this material is used for casting. If we want
to understand the behavior of these ingredients in the mix-
ture, use them correctly and ensure their safe use through-
out the casting cycle, attention should be paid to their
analysis, which is the content of the experimental part of
the work. [2,3]

In the literature, there are answers to questions about
statements where they are found, how they affect the
quality of castings, that they can be eliminated by change
of sand, binder or adding additives, but as the other chap-
ters of this work have shown, the number of influencing
factors on the occurrence of veining is much bigger.

The essence of this work is the study of the foundry
error called the veining on the castings. It should be stated
that we have to look at complex views from multiple an-
gles in connection with veining. This means that we must
always take in consideration multiple factors at the same
time. Otherwise, it may happen that the veining from the
casting surface can be removed, but other errors may oc-
cur, such as burn-on, bumps or sand inclusion. [4,5,6]

The veining is formed primarily due to the tension
created by the non-linear thermal expansion of the silica
sand. It is an indisputable fact, however, which does not
prevent the use quartz in foundries, especially because of
its availability and economic efficiency. Therefore, it has
been necessary to find other ways to remove the defect on
the surface of castings, which are commonly used for the
automotive industry or rail transport, where we speak in
the case of the use of a poor casting about the risks of
human life. [7]

2 Experimental work

Currently, there are a number of additives to improve
the surface of the casting and significantly affect the qua-
lity of castings. Usually there are describe properties of
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the additives, but their chemical or mineralogical remains
unclear. Therefore, if we want to evaluate their impact,
these parameters must be known in order to achieve their
effective use. From the point of view of veining elimina-
tion, use of additives is one of the easiest and most power-
ful methods, and therefore their analysis is very impor-
tant. As the basic parameters are often not listed in the
technical data sheets of the suppliers of these additives,
several analyzes have been carried out to define the addi-
tives used in the foundries, namely the Antifin and Vein-
seal additives, which have been proven in the practical
conditions. [8,9,10]

Based on the experience gained and the knowledge
about the additives, there was an effort to prepare new ty-
pes of additives which would achieve better results com-
pared to those commercially used. The individual compo-
nents of designed additives are labeled as:

A- carbon-based reducing agent

B- insoluble polysaccharide

C- iron oxides (C1-Fe,O3, C2-Fes;04)

Tab. 1 presents the chemical composition of the pre-
pared additives. The basis of the core mixture was T + T
silica sand, supplemented with components A, B or C, or
their combinations.

Tab. 1 Chemical composition of prepared additives (in Weight %)
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1: A+B 1.82 6.65 23 5692
2:C2+B  0.16 0.24 043 2.67 034 0.12
3:C2 023 035 0.62 3.82 049 0.18
4:C1+B 0.84 036 265 7.12 0.39 0.16 0.030
5:Cl1 1.21  0.52 3.78 10.17 0.56 0.23 0.04

Prior to testing these new additives in practical con-
ditions, tests of the prepared core mixtures were perfor-
med to determine the R coefficient of these mixtures -
Fig. 1. Coefficient R can be considered to be the rate of
stress on the casting and thus the rate of formation of ve-
ining on the casting surface. In theory, the ratio of ben-
ding strength and tensile strength (1) is stated as one of
the criteria for the evaluation of the core mixture.

(M

R = Opena/Otensite

Coefficient R value

Core mixture composition

Fig.1 The coefficient R for mixtures with new additives
compared to conventional production
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Fig. 3 Castings made from CB-A cores using new additives
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After the coefficient R for new prepared core mixtures
has been obtained, and given their chemical composition,
which satisfies the conditions of the foundry, core mixtu-
res with these additives were tested in the production. The

results of these experiments are shown in Fig. 2 and Fig.
3.
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Core mixture composition
Fig. 2 Occurrence of veining on castings from the core
mixture using new additives
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After evaluating the surface of all castings produced
using the new additives, we recommend using additive 1,
which contains components A + B, namely a carbon-
based reducing agent and an insoluble polysaccharide. It

is also possible to use additive 2, which main component
are iron oxides Fe3;Oy4, since they are able to create an en-
dothermic reaction in the casting process (2), which sig-
nificantly affects the casting surface.

Fes0, + mCO — 3Fe0 + CO, + (m — 1)C0, AHjeq = 26,669 k] )

The analysis of the new additive with a working title
Surwaybest, which achieved the best laboratory and pra-
cital results, is shown in Fig. 4 to Fig. 7.

As demonstrated by the phase composition analysis of
the Surwaybest additive, the additive is composed of iron
oxides - magnetit, which ensures the cooling effect of the
additive by means of an endothermic reaction and also the
formation of FeO, which together with SiO, ensures the
formation of a phayalitic envelope on the sand grains,
thus eliminating the subsurface tension in the core or
mould. The Surwaybest further comprises an insoluble
polysaccharide which warms upon casting of the mold /
core to form a space for the expansion of the silica sand
and additionally contains a larger amount of carbon than
the commercial additives used so far. This results due to
the heat of the molten metal to dehydrogenation and at the
same time to softening and filling of the inter- space and
coating of the individual grains (according to so-called
coating theory). Fig. 8 shows a comparison of the phase
composition of the additives used (antifine - red, Veinseal
- blue) and the new additive Surwaybest (black). It is clear
that Surwaybest is in the middle among the used additi-
ves, but with a larger amount of carbon, which will ensure
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the smooth surface of castings. The above mentioned ad-
ditive was also used in the production of other castings
and the results were always satisfactory. The surface of
the castings was smooth, without veining and other foun-
dry defects.

4 EES L
SEM HV: 20.0 kV WD: 14.91 mm
View field: 27.7 pm Det: SE
SEM MAG: 10.0 kx  Date(m/dfy): 04/05/17
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Fig. 4 Surwaybest additive Microscopic EDX Analysis

- Map Sum Spectrum
Wt% o
O 429 0.2
Si 26.6 0.2
Al 15.0 0.1
Fe 6.3 0.2
Ca 3.8 0.1
K 2.2 0.1
P 1.0 01
0.8 0.1
Mg 0.8 0.1
03 0.1
0.2 0.1
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Fig. 6 Representation of individual elements in the Surwaybest additive obtained by surface EDX analysis
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Fig. 7 Phase composition of the designed Surwaybest additive
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Fig. 8 Phase composition of used additives and new Surwaybest additive
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After proper analysis of the options, the Surveybest o

additive was produced and offered to the foundry produc-

tion process, where its use was proven and the castings

were made without any veining or toher casting defects.

3 Discussion of the results

The following diagram provides an algorithm for the

elimination of veining, created based on the knowledge o
gained from the experimental work. Veining can be eli- .
minated by:

Control of input raw materials

Grain size distribution of the sand

Use of coating

Changes in the dosage of the core mixture
Adding a non-silica sands to the core mixture
Decreasing the casting temperature
Reducing the blowing pressure

Addition of additives to the core mixture

POSSIBILITIES OF VEINING ELIMINATION IN FOUNDRIES

¥

CHOOSE OF OPTIMAL CASTING DESIGMN
AND MODEL EQUIPMENT

To avoid sharp corners and edges, where
heat and tension can be concentrated

L 4

CHOOSE OF OPTIMAL GATING 5YSTEM

¥

PRESSURE

CORRECT CHOICE OF BLOWING

If possible, choose a lower blowing

|

Prevent of local overheating, choose
the minimum of runners

pressure

CORRECT AMOUNT OF BINDER

Recommended to use binder

I

METAL

CONTROL OF CHEMICAL COMPOSITION OF

Graphitization can cause larger tensions in
surface area of core and moulding material

h

for summer and winter
SEBSON

KEEPING THE DESIGNED POURING

TEMPERATURE

Lower pouring temperature

4

CHECK THE ACCURACY AND COMPACTION OF CORES

Control of bending strength and tensile
strength — defining the coefficient R. Do not
expose cores to humid environment

had no positive effect

CONTROL OF COMPOSITION OF CORE MIXTURE

sand

- grain size distribution

ADDITIVES

composition
content
amount

- input raw materials
quality control

- fines content

- thermal expansion of
the mixture

-  chemical and
mineralogical purity

Fig. 9 Possibilities of veining elimination in foundries

910

indexed on: http://www.scopus.com



December 2018, Vol. 18, No. 6

MANUFACTURING TECHNOLOGY

ISSN 1213-2489

4 Conclusion

It should be noted that the foundry industry is a "beau-
tifully vicious" circle not only of raw materials, so what
is valid in one foundry, might not be in the others. The
following operations have proven to be effective in elim-
inating veining on casting surfaces:

e  Check the quality of input raw materials, their

chemical and mineralogical purity.

e Use coatings on manufactured cores to prevent
penetration of liquid metal.

e Use asilica sand with higher fines content.

e Reduce the blowing pressure of the machine to
achieve lower compaction in order to create
space for expansion between quartz grains.

e  Use of non-silica sands in the core mixture.

Last but not least, we recommend the use of additives
in the core mixture, which fulfill their purpose, but with
the supply of additives in their present form - without the
necessary information in the technical data sheet, it is as-
sumed that they may cause complication when they enter
the circle of the foundry in the long-term use. Therefore,
it is recommended to use the newly designed Surwaybest
additive based on a carbon reducing agent. [11,12]
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