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Influence of wet activation of used inorganic
binder on cyclically refreshed water glass
moulding sands hardened by microwaves
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Abstract: The paper presents the research results of using an innovative method to reclaim the waste moulding
sands containing water glass. Two of the examined processes are connected with “dry” or “wet” activation of
inorganic binder in waste moulding sand mixtures physically hardened by microwave radiation. The sand mixtures
consisting of high-silica sand and water-glass with average molar module 2.5, were subjected to the following
cyclical process: mixing the components, compacting, microwave heating, cooling-down, thermally loading the
mould to 800 °C, cooling-down to ambient temperature, and knocking-out. After being knocked-out, the waste
moulding sands were subjected to either dry or wet activation of the binder. To activate thermally treated inorganic
binder, each of the examined processes employed the surface phenomenon usually associated to mechanical
reclamation. The study also covered possible use of some elements of wet reclamation to rehydrate waste
binder. To evaluate the effectiveness of the two proposed methods of waste binder activation, selected strength
and technological parameters were measured. After each subsequent processing cycle, the permeability, tensile
strength and bending strength were determined. In addition, the surface of activated sand grains was examined
with a scanning electron microscope. Analysis of the results indicates that it is possible to re-activate the used
binder such as sodium silicate, and to stabilize the strength parameters in both activation processes. Permeability
of the refreshed moulding sands strongly depends on the surface condition of high-silica grains. The wet activation
process by wetting and buffering knocked-out moulding sands in closed humid environment makes it possible to
reduce the content of refreshing additive in water-glass. The moulding sands cyclically prepared in both processes
do not require the addition of fresh high-silica sand. The relatively high quality achieved in the refreshed moulding
sands allows them to be reused for manufacture of next moulds. Thus, the two proposed methods for cyclically
processing used moulding sands containing sodium silicate, subject to microwave hardening, are suitable for
economic and ecological circulation moulding mixtures.
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odium silicate (i.e. water-glass), an inorganic binder
Sapplied in foundry industry, is characterised by low
cost and low harmfulness. However, it has considerable
disadvantages such as poor knocking-out properties ",
tough casting cleaning with used moulding sand and
difficult waste sand reclamation.
It is hard to find examples in literature concerning the
effective reclamation of water-glass moulding sands,

which can activate the waste binder and restore their
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initial bonding properties. One example of refreshing by
cooling and moistening appears to be a proper process
for green moulding sands . The reported refreshable
moulding sand mixtures other than green moulding
sands are those containing a polymeric binder such as
BioCo, . In the case of microwave hardening, it was
possible to restore the initial bonding properties prior
to the cross-linking process. Reclamation of the BioCo,
binder was performed by complementing composition of
the moulding mixture with proper amount of refreshing
water. Literature data about reclamation of bonding
materials like sodium silicate are hardly available. An
exception is the Ref. [4, 5], where preliminary research
results were presented on the possibility to reclaim
inorganic binder in waste moulding sands containing
sodium silicate, microwave hardened or traditionally
dried . The refreshing process was carried out in the
chamber of a laboratory roll mixer. Mixing and crushing
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result in the secondary hydration of the binder. To maintain
and stabilize the mechanical and technological parameters, it
appears necessary to add small amounts of fresh components of
the moulding mixture, including the binder. Introducing specific
refreshing additives enabled starting the so-far unexplained
mechanisms to activate the film of thermally treated binder,
covering the surfaces of high-silica grains.

The most up-to-date and technologically advanced
descriptions concerning utilising the secondary hydration of
water-glass can be found in patents and patent applications.
The most often described methods include the wet reclamation
of high-silica base sand by secondary hydration of chemically
hardened inorganic binders. An example is given in one patent
application "' where used moulding sand containing water-glass,
disinteg ated in a vib ating mill, is reclaimed ¥ rinsing with
water at 90 °C. The preliminarily cleaned base sand is subjected
to intensive stirring in water. Another patent application ™
indicates that secondary hydration can be also affected, apart
from intensive wetting, by keeping the moulding mixture in a
container at a higher pressure and the cleaning of the sand is
performed by purging it with overheated water steam, like in the
application in Ref. [9]. Other patent applications '*"'"! described
the processes where used moulding mixture is subjected to dry
and/or wet reclamation in special buffer tanks "*'* designed for
removing the reacted binder.

The latest development of technology of moulding sands
containing water-glass is mainly focused on manufacture
of innovative and economical reclamation appliances and
on determining parameters of the methods guaranteeing
effective separation of the film of physically and chemically
hardened, overheated bonding materials present on surfaces
of base grains !*'>'* "7 Other studies on moulding sands
containing water-glass are focused on improving their knocking-
out properties. Among them, using special additives "* or
limiting binder volume in the moulding mixture was mentioned,
supported by an advanced hardening process !>
way of manufacturing casting moulds and cores of moulding

! The modern

sands containing water-glass, which employs hardening by
economical and eco-friendly microwave heating, may change
the current classification of the binder. Based on previous
research, the hardening by microwave heating makes it possible
to obtain very good mechanical and technological parameters of
moulding mixtures, with very limited content of water-glass to
only 1.5% %,

The research was aimed at evaluating the methodology of
reclaiming microwave-hardened moulding sands containing
water-glass. The waste moulding sand was first wetted and
buffered in a closed chamber. This treatment triggers the “wet
activation” of the film, the hydrophilic binder deposited on the
silica sand surface. The processes of the binder reclamation
by mechanical “dry activation” or “wet activation” are shown
in Fig. 1, and the obtained results are evaluated by means of
selected mechanical criteria designed for fresh moulding sands.
However, influences of other factors, such as buffering time
in the closed humid environment at constant temperature and
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pressure are still unexplained. The purpose of the proposed
methodology of activation is to restore the bonding properties of
the used binder with a high efficiency.

As a base for the laboratory examinations, it was assumed
that, by proper selection of the process parameters and
introduction of an experimentally determined small quantity of
refreshing components (see Fig. 1), it will be possible to employ
the microwave-hardened moulding mixture containing grade
145 sodium silicate as the circulating moulding sand, which
is of a g eat impr tance from th economical, ecolog cal and
technological points of view.

1 Experimental procedure

Based on the previous research ™, the content of the water-
glass grade 145 (average molar module = 2.5) in fresh moulding
sands was set at 1.5wt.%. Moreover, to improve spreading
ability of the binder on surfaces of the high-silica sand,
0.5wt.% of water was added to the ribbon laboratory mixer
during the preparation of the moulding sands (Stage 0). The
specimens for mechanical testing were made in a box specially
adapted for work in electromagnetic field . The specimens
and moulds made of fresh moulding mixtures were cooled-
down after rapid microwave hardening. Next, the moulds were
thermally loaded at 800 °C + 5 °C (Stage VI), as shown in
Fig. 1. In this way, a specific degree of thermal load (overheating
range between: minimum at 100 £ 5 °C and maximum at 800
+ 5 °C) was achieved for the first time. After cooling down the
moulds to about 40 °C, the used and preliminarily reclaimed
moulding sands (Stage VII) underwent one of the two proposed
reclamation processes.

The first process, described in details in Ref. [4, 5] referred
as “dry activation”, consisted of dry mechanical activation
of glassy sodium silicate using a disintegrating and grinding
device, accompanied by controlled continuous removing of
the created dusty fractions (Stage I). The second method so
called “wet activation” began from wetting (with addition of
water at 2.3wt.%) the knocked-out waste moulding sand and
buffering it at ambient temperature in a closed chamber for 240
minutes (Stage I). At "Stage 11", elements were introduced to
initiate mechanical activation of grain surfaces such as intensive
mixing with stirring. At "Stage III", a small amount (about
0.6wt.%) of refreshing binder (see Fig. 1) of the same grade was
introduced. During each of five processing cycles, tensile and
bending strength values, R,,” and R,” and permeability of both
reclaimed sands were determined after the "Stage IV". On the
basis of these examinations, an attempt was made to determine
the number of the reclamation cycles during both activation
processes in laboratory conditions.

2 Results

Test results after “Stage [V”, combined with their linear
regression, are shown in Figs. 2, 3 and 4. The cycle "0" marked
on abscissa describes the parameters of the fresh and microwave
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stirring time = 4 min.
- Forming moulds and samples for mechanical testing.
- Microwave hardening: time = 4-8 min, P= 1 kW.

Fig. 1: Schematic presentation of two processing cycles of dry activation “* or wet activation of waste moulding sands in
laboratory conditions with specific amounts of refreshing additives

hardened sands. 3.0
Taking into account mechanical parameters of the cyclically
. . .- . . 25
processed moulding mixtures, it is possible — by proper selection
of activation methods (wet or dry) and sequence of operations, s 0ol
to indicate that the effective reclamation based on wet activation % i
can be carried out at least five times (Figs. 2 and 3). In each of g’ 150
30 ‘g n Dry activation process with amount of 0.6 to
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=0T Y=1.0572+0.0177x; r=0.3091; p=0.2121; r’'=0.0955 0.0l ) ) ) ) )
g 0 1 2 3 4 5
£ Processing cycle
(0]
E Fig. 3: Bending strength Rgu of activated and refreshed
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the proposed activation processes, it is possible to maintain the
00 mechanical properties of the cyclically refreshed moulding sands
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by refreshing them with constant quantities of water and binder.
Processing cycle

However, the proposed linear regression models show relatively

. . . u .
Fig. 2: Tensile strength R, of activated and refreshed low correlation coefficients, which can be associated with

moulding mixtures after "Stage IV" in each of five . 6l s
processing cycles various degrees of overheating ™ in each cycle. It can be assumed
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Fig. 4: Permeability P of activated and refreshed
moulding mixtures after "Stage IV" in each of five
processing cycles

that other methods of approximation, like polynomial, would
be more matched. But, the primary objective to stabilize the test
technological and strength parameters have been achieved.

The wet activated moulding mixture consistently has lower
values of tensile and bending strength. The difference may
result from a few reasons. The first one noticed is the small
difference between initial strength values measured for both fresh
moulding mixtures in cycle “0” (see Figs. 2 and 3). Moreover,
due to hygroscopicity of the binder resulting from its hydrophilic
nature, refreshing addition of the binder in the wet activation
process could be reduced to less than 0.6wt.% Y. To evaluate the
effectiveness of the wet activation, attention should also be paid to
the addition of fresh water introduced to rehydrate the thermally

treated binder. The content of water introduced to the knocked-
out and buffered waste moulding mixture is nearly 1wt.% higher
(Fig. 1) than that in the dry activated process. Higher effectiveness
of wet activation does not fully compensate the small losses
in case of bending strength (Fig. 3). Water addition !
changes rheological properties of each moulding sand during

also

the preparation of specimens for tensile and bending tests (in
Stage IV), which is reflected in technological parameters such as
permeability of the activated moulding sands.

The permeability trend line (Fig. 4) of the wet activated
moulding sand shows faster growth than that of dry activation.
It should be also noted that higher dynamism of permeability
changes of wet activated moulding mixtures can be also caused
by surface-activated linking bridges that were not properly
rubbed-off during mechanical dry activation, which is confirmed
by subsequent SEM observations.

The SEM images of sand grains analysed after “Stage 1”
in each of the wet activation cycles show repeatable coating
of sand grains with the binder (Fig. 5), which is followed by
intensive mixing and stirring at “Stage I1”. As the previous
studies showed %, it is important to keep the film of binder
remained after effective disintegration of waste moulding sand,
which is susceptible to rehydrating. The observations of the
reclamation after the second, third, fourth and fifth processing
cycles revealed larger numbers of conglomerates of silica
grains. This phenomenon may also explain the increase in
permeability PV (Fig. 4), particularly pronounced in the case
of the refreshed moulding sand subjected to wet activation.
These observations suggest necessary modifications in stirring
parameters of reclaimed moulding mixtures (Fig. 1), which are
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Fig. 5: SEM images of high-silica base. Conglomerates and concentration places of wet activated film of glassy sodium
silicate are marked with arrows: (a) fresh high-silica sand; (b) after first cycle; (c) after second cycle; (d) after
third cycle; (e) after fourth cycle; (f) after fifth cycle of reclamation

now insufficient for complete disintegration of the regenerate.

Introducing to the moulding mixture small quantities of
fresh components (water and refreshing binder) at the stages
I, IT and III can intensify the dry mechanical process of binder
reclamation containing secondary hydration (rehydration) of
sodium silicate film, designated by the authors as the operation
of "activation". Small addition of water makes it possible
to start some of the unclear mechanisms of activating film
of microwave-hardened binder. Experimentally determined
amounts of the activating and refreshing additives can be
treated as a starting point to improve the proposed methods
of processing waste moulding sands. At the current level of
knowledge, these innovative technologies of processing and
activating moulding mixtures containing water-glass and
hardened by physical methods, require further studies, including
on knocking-out properties of refreshed moulding mixtures,
their residual strength and abrasion resistance. Full explanation
of all the phenomena accompanying cyclic processing of these
moulding sands, as well as on the relation between pH of
regenerate and quality of castings, provides a base to carry out
technological tests outside the laboratory, which the authors
currently consider.

3 Conclusions

(1) The present research on the possibility to refresh inorganic
binders confirmed the occurrence of the secondary hydration
(rehydration) phenomenon under the influence of dry or wet
activation of waste moulding sands containing water-glass and
hardened by microwaves.

(2) The preliminary laboratory research indicated the
importance of keeping waste moulding sand in a closed chamber
for effective activation of waste binder. The research should be
supplemented by knowledge about influence of buffering time.

(3) In both suggested activating methods, it is critical to keep
the film of binder remained after effective disintegration of
waste moulding sand, which is susceptible to rehydration.

(4) In the suggested dry activation by mechanical reclamation
combined with dedusting, the observed higher loss of used

binder should be compensated by larger amount of refreshing
sodium silicate.

(5) The amount of the refreshing water should be associated
with the methods of processing waste moulding sands, i.e. the
cyclically wet activated and refreshed moulding sand requires
less addition of binder (<0.6wt.%) thanks to buffering in a
closed chamber, which permits a more effective process of
binder rehydration.

(6) Introduction of small quantity of fresh "activating"
components (water and binder) makes it possible to maintain the
mechanical and technological parameters of refreshed moulding
mixtures during the five processing cycles. Better stabilisation
of mechanical and technological parameters requires a deeper
understanding on the wet activation process.

(7) Cyclically prepared moulding sand does not require the
addition of fresh high-silica sand, because the quality of the
obtained reclaim (base and binder) permits its 100% use as next
moulding sands.
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