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TD and MH processes, respectively. Similarly, the Rm
U value for 

the F24 process is 2 times or 3 times smaller than the values for 
the TD and MH processes, respectively. 

Baking the chromite-base for 10 h resulted in increased 
strength of the moulding sands hardened by the physical methods 
MH and TD. The Rg

U value for the MH process is by 190 N/cm2 
larger (Fig. 3) than that for the moulding sand prepared of fresh 
chromite sand. Similarly, the Rg

U value for the TD process is 
as much as 204 N/cm2 i.e. 87% larger than that for fresh (0 h) 
base. The Rm

U value was also increased by baking for 10 hours, 
however this improvement is not as spectacular as in the case 
of Rg

U. Baking for 10 hours resulted in nearly 13-fold increase 

of Rm
U and nearly 14-fold increase of Rg

U in comparison to the 
CO2 process.

Further baking the base sand for 24 hours, and so the ob-
served growth of the external rough layer composed mainly of 
iron oxides, did not result in any improvement of strength of the 
moulding mixtures hardened in all the four ways. The Rm

U values 
in the TD and MH processes became equal to those obtained for 
the moulding mixtures based on fresh sand. After MH harden-
ing, even a 6% decrease of Rm

U was observed. The mechanical 
strength values decreased in spite of increased surface areas of 
grains as a result of 24-h baking. Tensile and bend tests of the 
moulding sand after 24-h baking, hardened by microwaves, were 
repeated because some of the specimens broke during fitting 
in the LRuE-2e tester. The probable cause are local drops of 
strength [15] resulting from high temperature exceeding 220°C 
in microwave-heated specimens, see Fig. 4.

Fig. 4. Fracture surfaces of a dog-bone specimen (24 h) in the place of 
thermal destruction caused by microwave heating

The phenomenon of local heating-up of the specimens and 
thus a change of their dielectric parameters can be affected by 
the changes occurring in the grains themselves, e.g. as a result 
of segregation of elements [18,19] during baking for 24 h at 
950°C. However, this is not the subject of this paper and would 
require additional analyses. 

The strength values Rm
U and Rg

U of the moulding sands 
hardened in the CO2 or F24 process do not change depending 
on use of fresh (0 h) or baked (10 h and 24 h) base sand.

5. Effect of hardening method on structure 
of bonding bridges

As was found in the case of moulding mixtures containing 
hydrated sodium silicate, hardened by CO2 or by liquid esters 
(Floster S), strength values (Rm

U and Rg
U) practically did not 

change in spite of baking base chromite sand. Results of mechani-
cal testing are confirmed by observations of bonding bridges 
(Figs. 5-8) on fracture surfaces after tensile test by means of the 
scanning microscope Hitachi TM-3000. In the case of chemical 
hardening methods (Figs. 5,6) the least favourable blowing with 

Fig. 2. Effect of baking chromite base and method of hardening on 
tensile strength of moulding sands containing sodium silicate

Fig. 3. Effect of baking chromite base and method of hardening on 
bending strength of moulding sands containing sodium silicate
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CO2 gives for chromite-based moulding sands a similar result 
like for quartz-based sandmixes. Bonding bridges show numer-
ous discontinuities and spallings, and their fracture in tensile test 
runs in the bridge material (cohesive destruction) revealing quite 
often complete shapes of bridge footings. Similar disadvanta-
geous structures of the bridges are observed also for moulding 
sands hardened in the F24 process, see Fig. 6.

Fig. 5. Bonding bridges with numerous discontinuities in their footings 
arisen after hardening with CO2. Chromite base baked previously for: 
a) 0 h, b) 10 h, c) and d) 24 h

Fig. 6. Bonding bridges with numerous discontinuities in their footings 
arisen after hardening in the Floster S (F24) process. Chromite base 
baked previously for: a) 0 h; b) 10 h; c) and d) 24 h

In the case of traditional drying (TD, Fig. 7) and microwave 
heating (MH, Fig. 8), observations of bonding bridges in fracture 
places of dog-bone specimens confirmed very good mechanical 
parameters of moulding sands. Structure of bonding bridges 
obtained after CO2 hardening on surfaces of fresh chromite sand 
grains is typical for physical hardening methods: they are free 
of defects and show ambiguous, i.e. cohesive-adhesive way of 

destruction. As a result of previous thermal preparation of sand 
base (baking for 10 h and 24 h), numerous irregularities and 
cavities appeared on grain surfaces, which enlarged the surface 
area creating footings of bonding bridges. This phenomenon is 
conducive for mechanical adhesion [20] that supports creation 
of a durable layer with adhesive bonds in the adsorption zone on 
the interface of base-binder. Moreover, the applied preliminary 
wetting facilitated inflow of binder to its concentration places. 
As a result of traditional drying, strength of the R145 binder 
many times exceeds cohesion forces of the chromite base mate-
rial, as shown in (Figs. 7c,d,f). Shapes of the observed fractures 
evidence a high force required for destroying bonds between 
chromite base grains, and at the same time, high hardness and 
brittleness of chromite.

Fig. 7. Bonding bridges arisen after traditional drying (TD). Chromite 
base baked previously for: a) 0 h; b), c) and d) 10 h; e) and f) 24 h. Ar-
rows at: c), d), f) indicate brittle fractures after tensile test

Figure 8 shows bonding bridges created during microwave 
heating of chromite-based moulding sand. In the case of using 
fresh base (Fig. 8a), structure of bonding bridges hardened by 
microwave heating is similar to those hardened by traditional 
drying: smooth, arcwise with developed footings. In the mould-
ing mixtures prepared of baked base sand (10 h and 24 h), 
a significant change of structure of bonding bridges is observed. 
This consists in “sliming” the footings and appearing distinct 
thin walls strengthening the internal openwork structure of bond-
ing bridges, see (Figs. 8b-d). Binder is clearly concentrated at 
the bridge footings, in the adsorptive zone, which permits their 
further spatial development (Fig. 8d) during microwave heating. 




