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For HPDC applications, Foseco
developed a new type of sand
core using innovative WASCO
water-soluble binder systems and
optionally with adaptable coatings
to avoid liquid metal penetration
into the pores of the sand core.

This paper focuses first on some
fundamental aspects on the
development of such a water-
soluble binder system, followed
by 2 practical examples, one
producing cores for explosion-
proof instrument housings, and
the other manufacturing sand
cores for automotive applications.
Irrespective of the high flexural
strength of the sand cores, after the
casting process the complete casting
was immersed in cold water after
which the binder showed excellent
water-solubility. Due to the short
cycle times resulting in a relatively
low thermal impact, no issues
occurred with the generation of
volatile organic compounds (VOC's)
as the organic binder thermally
decomposes.

After washing-out core residue,
a smooth, defect-free and sand-
free casting surface was obtained,
indicating that the sand cores with
the WASCO water-soluble binder
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| INTRODUCTION

In most casting processes, the molten
metal is poured in a pre-formed mould,
with the metal filling of the mould un-
der gravity or low pressures resulting in
the need for slightly higher metal tem-
peratures to ensure a complete casting
fill. When applicable the internal cav-
ities needed in the castings are com-
monly defined by the use of disposable
cores, which is typically an inorganic or
organic resin-bonded sand core. Ad-
vantage of such a system is that due
to the heat from the molten metal, the
resin binder in the core starts to degrade
resulting in an easy shaking out of the
core residue. In die casting processes,
such as Semi-Solid Casting [1-4] or High
Pressure Die Casting (HPDC) [5-10], the
metal is cooled very quickly, so the core
itself will not be exposed anymore to
high temperatures. Combined with the
high core strengths needed to withstand
these filling pressures, this results in dif-
ficulties to remove the sand core after
the casting has solidified. Furthermore,
the core will only be exposed for a short
time to elevated temperatures up to 300
— 400 °C, which is insufficient to ther-
mally decompose the binder.

This paper is focusing on the develop-
ment of cores suitable for HPDC, con-
sisting of a liquid polymer binder and
a powder-like solid consisting of (vari-
ous) minerals. This new and innovative
WASCO water-soluble binder system is
developed by Foseco.

Achieving high quality castings with
the use of cores including the WASCO
water-soluble binder system depends
not only on the casting process itself
and their processing parameters, but
also on the quality of these cores. Use
of cores with insufficient strength or with
locally low compaction results in lower
surface smoothness and can result in
defects of the casting surface if not
properly controlled. The main require-
ments to achieve high quality castings
(from HPDC, Semi-solid processes) and
received from the foundry industry are:

e High strength values

o Sufficient water solubility after the
casting process

¢ No gas formation during the casting
process

e Use of cost-effective and non-danger-
ous materials

e Fasy to handle and able to be to
mixed with various types of sand

o Sufficient bench life of the sand mixture

¢ Good flowability of the sand mixture

e High quality cores with sufficient
compaction and surface smoothness

e Short cycle times = short core produc-
tion times

Some fundamentals are highlighted on
the manufacturing of cores based on
sand and optionally with the presence of
a coating. In more detail, flowability of
the sand mixture, mechanical strength,
surface smoothness, water solubility of
the binder, and first casting results from
HPDC processes will be presented.

EXPERIMENTAL AND
RESULTS

First step in the optimization of sand cores
for HPDC applications was based on a
2-component liquid binder system and
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one additive. In this part, the ratio between
both components were tested on flowabil-
ity of the sand mixture, flexural strength
and water solubility of non-treated sand
cores and those treated for 2 hours at
140 °C and 200 °C (Table 1). These test-
ing conditions were chosen to find out the
optimum ratio for best performance on
strength and water solubility.

Using the Powder Flow Tester Brookfield
[11], the flowability of the various batches
was determined and listed in Table 2. It
was clear that the higher the contribution
of component D, the higher the flowability;
corresponding with the lowest consolida-
tion stress.

Flexural strength was measured using
standard-type transverse bars with dimen-
sions of 22.4 x 22.4 x 180 mm. The flexure
test (three-point measurement) measures
the bending behavior of material subject-
ed to simple beam loading. The flexural
strength as a function of a 2-component
liquid binder consisting of a liquid LB_A
and a liquid LB_D is determined. The total
addition rate of the liquid is kept constant
at 5.0 wt%. Regarding the additive, a con-
centration of 2.0 wt% was chosen. All sam-
ples were manufactured with quartz sand
H33 (Quarzwerke, Germany).

| Composition: |1 |2 | 3 | 4 | 5 | 6 |

2-C Liquid Binder 50wt% 5.0 wt%
Comp. D (wt%) 0 20
Comp. A (Wt%) 100 80
Additive 20wt% 2.0 wt%
Heat treatment— 0 None None
Heat treatment—1  2h/140°C  2h/140°C
Heat treatment—2  2h/200°C  2h/200°C

50wt%  50wt%  5.0wt%  5.0wt%
40 60 80 100
60 40 20 0
20wt%  2.0wt%  2.0wt% 2.0 wt%
None None None None
2h/140°C  2h/140°C  2h/140°C  2h/140°C
2h/200°C  2h/200°C  2h/200°C  2h/200°C

Table 1: Composition of various batches with a 2-component liquid binder.

[ Composition: ] 1| 2 | 3 | 4 | 5 | 6 |

2-C Liquid Binder 50wt%  50wt% 50wt% 50wt% 5.0wt%  5.0wt%
Comp. D (wt%) 0 20 40 60 80 100
Comp. A (Wt%) 100 80 60 40 20 0
Additive 20wt%  20wt% 20wt% 20wt 2.0wt%  2.0wt%
Flowability - Consolidation stress (kPa) as function of the compressive strength
0.60 kPa 0.45 0.39 0.38 0.42 0.42 0.40
1.13 kPa 0.63 0.58 0.56 0.56 0.57 0.56
2.19 kPa 0.84 0.80 0.73 0.71 0.72 0.72
4.35 kPa 1.1 1.02 0.92 0.86 0.87 0.89
8.70 kPa 1.37 1.33 1.14 1.03 1.06 1.08

Table 2: Flowability (consolidation stress as a function of the compressive strength) of various sand mix-
tures with a 2-component liquid binder and as a function of the LB_A / LB_D ratio.
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Figure 1: Flexural strength of sand cores (quartz sand H33) as a function of the type of liquid binder with various ratio's LB_A / LB_D.

[ Composition: | 1| 2 | 3 ] 4 | 5 | 6 |

From Figure 1 it is obvious that the
flexural strength showed a maximum
for the ratio 30 / 70, thus with 30 wt%
LB_A and 70 wt% LB_D. Considering
the potential applications of such types
of sand cores, these cores should also
meet other requirements, in particular
water-solubility.

Solubility of the binder was determined
by immersing cylinder-type cores in cold
(20 °Q) or hot (65 °C) tap water and with
a rotation speed of 60 rpm (in cold wa-
ter) and 150 rpm (in hot water); the first
one related to moderate conditions and
the other to more severe conditions. The
outcome of the immersion test is shown
in Table 3.

Interesting to observe is that the as-re-
ceived samples with the highest con-
tribution of component A showed fast
solubility, whereas those with a higher
concentration of component D showed
a slightly slower solubility rate. After the
cores were exposed to heat for 2 h at
200 °C, those with a relatively high con-

2-C Liquid Binder 50wt%  5.0wt%  5.0wt% 50wt% 5.0wt%  5.0wt%
Comp. D (Wt%) 0 20 40 60 80 100
Comp. A (Wt%) 100 80 60 40 20 0
Additive 20wt%  2.0wt%  2.0wt% 2.0wt% 2.0wt%  2.0wt%
Water-solubility
As-received 5-10s 5-10s 5-10s 10-15s 20-25s 20-30s
2h/140°C 20-30s  10-15s 15-25s 5-10s 20-30s 20-25s
2h/200°C weakening weakening weakening 50-60s 30-40s 30-40s

Table 3: Water solubility of various sand cores with a 2-component liquid binder and as a function of the
LB_A/LB_D ratio and without or with a heat treatment.

tribution of component A were not sol-
uble, only weakening of the sand cores
occurred. Since the application of these
sand cores will be exposed to elevated
temperatures during casting and cool-
ing, those with the highest addition rate
of component D is recommended.

In case of using these formulations
for sand cores for HPDC high flexural
strength is needed, this to avoid core
breakage during the casting process.
Figure 2 shows the flexural strength as a
function of the grain size of the additive
and the concentration. In case of an
addition rate of 2.0 wt%, highest flex-

ural strength was achieved with a grain
size of 12 um. This strength decreased
to lower values with an increase of the
grain size from 41 pm, 100 um to 146
um. From this figure it is clear that the
smaller the average grain size of addi-
tive as well as the higher the addition
rate, the higher the flexural strength of
the sand cores. During HPDC process the
liquid metal is fed under high pressure
into the die and solidified to obtain the
desired component. This process takes
place in a fraction of seconds. The gen-
eral description is that cores with 1000
N/cm? or higher are targeted [6-10].
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Figure 2: Flexural strength of sand cores (quartz sand H33) as a function of the grain size of the additive. The LB_A / LB_D ratio was set at 30 / 70 (5.0 wt%) and

the additive concentration at 2.0 wt%.
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Figure 3: Flexural strength of sand cores (quartz sand H33) as a function of the addition rate of the liquid binder. the LB_A / LB_D ratio was set at 30 / 70 and
the additive concentration at 2.0 wt%.

To improve further the mechanical properties, the flexural strength as a function of the addition rate of the liquid binder was investigated.
Figure 3 shows the data of the flexural strength and in relation to the amount of liquid binder added to the sand mixture. In this case the
concentration of the additive was set at 2.0 wt%. Interesting to observe is that the strength values increased with a higher addition rate
of the liquid binder up to 7.0 wt%. More binder did not result anymore in higher strength values, this due to a certain over-saturation.
This means that the highest flexural strength values were achieved with a combination of the individual liquids LB_A and LB_D and with
an addition rate of 7.0 wt%.

Higher flexural strength values will now only be achieved when more attention is paid on the type and concentration of the additive(s).
Since the usage of the additive resulted in flexural strength values up to about 500 N/cm?, different types of other minerals or compo-
nents were considered too.
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| BN

additive_A additive_B additive_C add&lw E additive_F additive_G
Tvpe of additive

Figure 4: Flexural strength of sand cores (quartz sand H33) as a function of the type of additive. The liquid binder LB_A / LB_D ratio was set at 30 / 70 and at 4.0 wt% and
the additive concentration was 4.0 wt%.

Flexural Strength N/cm?
o2 3882888288

It is well-known [12,13] that in case of inorganic binder systems, other types of additives can achieve high strength values. Based on
these documents, a selection was made of certain types of additives indicated as A — G. Figure 4 shows the flexural strength as a func-
tion of these various types of additives. Based on these values, also another type of additive was chosen indicated as type S. With this
additive strength values could be achieved up to values higher than 1200 N/cm?, as shown in Figure 5.

Water-soluble / excellent flowability

Flexural Strength N/cm?

- 3588888 E%

6.0% H10 0.0 wts 2.0 Wt 4.0 Wit 6.0 Wt%
Addition rate type S (wt% based on sand)

Figure 5: Flexural strength of sand cores (quartz sand H33) as a function of the addition rate of the additive S. The liquid binder (6.0 wt%) LB_A / LB_D ratio was
setat30/70.
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Since this type of additive, here type S showed very promising results, also flowability of the modified sand mixture has to be determined
again. More information about measuring and improving flowability of sand mixtures can be found in reference [14].

The fastest indirect method to obtain information about flowability of the sand mixtures is related to the core or sample weight after curing. In
relation to Figure 5, showing the bending strength values as a function of the addition rate of type S, Figure 6 shows the corresponding sample
weight as a function of the amount of type S added to the sand mixture. In case no additive was added, the sample weight was about
670 g (5 samples), but with an increase of the amount of the additive, the sample weight also increased up to values of around 740 g
(with 6.0 wt%). Worth to mention is that the additive particles are completely spherical which induced higher flowability of the sand
mixture. On the contrary, irregular shaped particles resulted generally in lower flowability. The type of sand can also be a parameter to
affect flowability. The most important structural parameters influencing the flowability of the sand mixture are the average grain size
and grain size distribution and the shape (angular or well-rounded and with low sphericity or high sphericity). Foundries generally will
use the sand that is available from a local quarry near the production site, this to reduce transport costs. This means that flexibility in
the type of sand is very limited which means that the type is generally a given parameter hardly to be replaced by another type of sand.
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Figure 6: Sample weight of sand cores (quartz sand H33) as a function of the addition rate of the additive S. The liquid binder (6.0 wt%) LB_A / LB_D ratio was
setat30/70.

One main component of a sand mixture with a water-soluble binder system is the liquid part of the binder. As already reported,
this liquid binder is a 2-component polymer system based on one liquid type LB_A and one on type LB_D and with addition of a
small amount of water and with a special type of surface-active agent. In case the viscosity of the liquid binder is high, it will have
a detrimental impact on flowability and therefore on the quality of the sand cores. With a water-based polymer solution, a lower
viscosity can be achieved in case the chain length of the polymer is shorter, thus with a lower n-value. The viscosity of a polymer can
be expressed by the Mark-Houwink equation:
n = K.Ma
whereas n = viscosity of the polymer, K and a depend on the specific polymer, and M = molecular weight.
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Figure 7: Viscosity of the standard WASCO system (blue) and the modified WASCO system (orange) as a function of the temperature.
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Figure 8: Unconfined failure strength versus major principal consolidating stress for three various sand mixtures: black: standard-type of the WASCO water-so-
luble binder system; green: modified WASCO water-soluble binder system with shorter chain length; red: PU cold box system.

2 types of the WASCO water-soluble
binders were considered, one the
standard-type and the other with a
shorter chain length of the polymer.
The viscosity of both WASCO water-
soluble binder systems was measured
between 10 °C and 40 °C and results
are depicted in Figure 7. From this
plot, it can be concluded that between
the above given temperature range,
the viscosity of the modified WASCO
water-soluble  binder system s
always significantly lower than that
of the standard WASCO water-soluble
binder system. Figure 8 shows the
flowability curves, one corresponds
with the reference sample prepared
with the standard-type of organic-
based water-soluble binder system
(black curve), the second one with the

Shootingtime: 0.4 s

Shootingtime: 0.4 s

modified organic binder including a
shorter chain length (green curve), and
the third with the standard cold box
system. Clear is that the flowability
of the sand mixture with the modified
organic-based water-soluble binder is
significantly higher.

The influence of the modified WASCO
water-soluble binder system was
further investigated with a series
of core manufacturing, in this case
transverse  bars. The  shooting
parameters with the L1 Laempe core
shooter were 4 bar shooting pressure
and 0.4 s shooting time. The prepared
sand mixture was first stored under
various temperatures, here between
10 °Cand 25 °Cand with steps of 5 °C.
Results from these tests are visualized

nd=25°C
Shootingtime: 0.4 s

in Figure 9. With the standard WASCO
water-soluble binder system and
under relatively cold conditions,
no complete sand cores could be
produced. Due to the high viscosity of
the liquid binder, in particular at 10
°Cand 15 °C, flowability is too low to
completely fill the cavities of the core
box. Only at higher temperatures, here
20 °C or 25 °C, complete cores could
be produced. In case of the modified
WASCO water-soluble binder system,
characterized by a significantly lower
viscosity, even at 10 °C, complete sand
cores could be produced, even at the
lowest test temperature. Generally,
a lower viscosity will result in defect-
free sand cores with high compaction.

_ Figure 9:

Core manufacturing (transverse
bars) with the standard-type
WASCO water-soluble binder
system (upper pictures) and
with the modified WASCO wa-
ter-soluble binder system (bot-
tom pictures). In all cases, the
shooting time was set at 0.4 s.
The addition rate of the liquid
binder was set at 6.0 wt% and
of the additive at 4.0 wt%.
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TESTING
TRIALS-ON-SITE |

This chapter is dealing with a project
aiming to manufacture explosion-proof
instrument housings. Figure 10 shows a
schematic view of this housings with the
designed sand core. First step in this was
to start with a non-coated or unsealed

sand core, this to investigate in more
detail the surface quality of the castings. Figure 10: left: schematic view of an explosion-proof instrument housings; right: drawing of the develo-
ped core (courtesy Limatherm S.A. Poland)

After the casting process all castings were
immersed in cold water. Within a very
short time, all sand cores could easily be
removed due to the high solubility of the
binder.

Figure 11 shows the inner surface of
the casting in case a non-coated sand
core was used. The surface shows high
roughness with severe sand adhesion,
this due to metal penetration into the
pores of the sand core. Even with a
Karcher pressure washer, the adhered
sand grains could not be removed.

To avoid metal penetration finally
resulting in severe sand adhesion, a
special type of waterborne coating was
developed. Such a coating could be
applied by the dipping process, followed
by furnace drying at 120 °C. Figure 12
shows 3 sand cores with the waterborne
coating, after dipping and after furnace
drying at 120 °Cfor 1 h.

Figure 12: Sand cores with a coating applied by dipping. The coating was furnace dried at 120 °C for 1 h.

With the application of a coating to avoid
metal penetration a smooth and sand-
free casting surface was achieved. Figure
13 shows the final product fulfilling
the following main requirements:
good flowability of the sand mixture
resulting in defect-free sand cores, high
mechanical strength, easy to apply a
waterborne coating, fast solubility of the
binder after the casting process, smooth
and sand-free casting surface.

Figure 13: Inner surface of the casting (explosion-proof instrument housing) after removing the coated
sand core (courtesy Limatherm S.A. Poland).
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TESTING
TRIALS-ON-SITE I

The second series of sand cores
manufactured with the WASCO water-
soluble binder system is dealing with
an example of potential automotive
applications for HPDC. In particular the
production of light-weight hollow parts
is key in this project.

As already mentioned, the presence of
a coating is needed, this to avoid metal
penetration and sand adhesion. Sand
cores could be dipped or the coating
could be applied by spraying. In both
cases, a dense and compact coating
layer was applied (see Figure 14). After
solidification, the castings were ejected
from the mould and directly immersed
in a water bath. All castings were
collected followed by a further cleaning
of the inner surface.

After cross sectioning the castings, it
was obvious that the use of sand cores
without a coating resulted in severe
sand adhesion, as can be observed
from Figure 15.

With the presence of a coating, no
sand adhesion occurred and the inner
casting surface showed an acceptable
surface quality (see Figure 16).

In some specific complex regions of the
core surface, a secondary process using
a Karcher pressure jet wash enabled a
completely sand-free casting surface.

Figure 16 shows the casting on the
left and on the right part of the inner
surface.

Surface roughness of both casting
pieces, non-coated and coated, was
also determined by a 3D image of the
surface, measured with the Keyence
surface profilometer (Figure 17). Clear
is the high smoothness of the surface in
case a coated sand core was used.

L
I T

Figure 14: Left: uncoated sand core; Right: higher magnification of the surface with an applied water-
borne coating

Figure 15: Inner casting surface after cross sectioning of the castings. Left: after removing a non-coated
sand core; right: after removing a coated sand core

Figure 17: Inner surface of the casting (explosion-proof instrument housing)
after removing the coated sand core.

Page 25

Foundry Practice 272



| CONCLUSIONS

The new and innovative WASCO water-soluble binder system

developed by the Foseco has demonstrated their high strength

in severe processing conditions, such as HPDC. With the use of an

appropriate and compatible coating, these innovative sand cores

can withstand high pressures and temperatures whilst facilitating

easy core removal from internal cavities by flushing water, leaving

a smooth and sand-free surface.

This WASCO system demonstrated the strong potential and can meet

a wide range of customer requirements, showing very promising

results not only for liquid HPDC, but also for Semi-solid processes.

Main advantages of the new WASCO system are:

a) Strength values exceeding 1000 N/cm? are achievable.

b) Core residue is easy to remove and without use of
mechanical force.

¢) Use of cost-effective materials.

d) High flexibility in the use of additives.

b) Core manufacturing uses only standard hot box core
shooters with hot air purge
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