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Abstract: Contemporary production of castings is inevitably associated with improvement of foundry mixtures, and in particular with quartz 
sands as a basic moulding material. The interest is motivated by opportunity  of reaching mixture’s appropriate parameters at different 
combinations between  sands and binding compositions. One option of particular importance in obtaining  mixtures’ physical and  
mechanical, and technological properties is to get a greater number of contact points among  individual grains of quartz  sands.  
    The report examines the impact of dispersive mineral particles for increasing contact points of interaction between  individual sand 
particles in the process of solidification. A theoretical basis for the possibility of applying such reinforcement in the preparation of mixtures 
is presented. An attempt for optimization has been done by some criteria – porosity, morphology, gas permeability and other properties.  
Results and conclusions from the conducted tests have been graphically presented.   
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1. Introduction 
    As noted before [1], finding  technically and economically  
effective solutions for optimal balance among parameters of  
foundry mixtures and their components is, and remains a very 
important task  for the technologists. It is known that foundry 
mixtures are complex rheological systems which in combination 
with many factors should  ultimately secure the necessary mould 
and core characteristics after solidification.  
 
 

2. Presenting the problem and ways of its 
resolving 

   Mixtures’ physical and mechanical properties are a result of two 
processes running simultaneously  at solidification – formation of 
adhesive bond between  sand grains and the binding composition 
and cohesive hardening of the composition itself. These processes 
are effected on the contact grain surface as the binding composition 
seeps into the contact points forming the so-called “bridges” [2].  
     On the other hand, the current foundry mixtures are 
characterized by a high degree of gas permeability (up to 700-900 x 
10-8 m2/Paxs) i.e. 1.8 to 4.5 times greater than the normal one 
securing good gas regime of the mould [3,4].  The difference of 
around 250-400 x 10-8 m2/Paxs is explained by the availability of 
pores of greater sizes at use of modern enriched sands.  
    Namely, the existence of the above-mentioned  pores appears to 
be a reason to implement a series of tests associated with 
reinforcement (strength improvement) of mixtures through 
introduction of dispersive particles of respective sizes, rising the 
contact points among sand grains and  improving  the properties  at 
retaining the optimal gas permeability.  
 
The goals set have been: 

1. Defining pore size at quartz sands; 
2. Defining diameters of  reinforcing dispersive particles; 
3. Relationship  between the coefficient of morphology [5] 

and porosity varying at sands of equal and mixed particle 
size; 

4. Determining the permissible content of reinforcing 
dispersive particles in mixtures; 

5. Impact of kind, amount and viscosity of the binding 
substance  at constant compaction of pore size;  

6. Influence of the degree of pore size compaction at 
constant parameters of the binding substance; 

7. Technological features. Functional relationship  between  
size and  number of pores and  size and number of 
dispersive particles; 

8. Techno-economical parameters; 

9. Technological regulations for practical application of 
dispersive reinforcement of foundry mixtures. Materials 
and properties. 

 
    We have noted [5] that we can create the best picture considering 
the structure of a foundry mixture obtained from spherical grains of 
equal diameter.  
    Theoretically, the spatial distribution of sand grains can be 
realized in three variants [4]: 

- cubic, with the greatest space among grains, and porosity 
= 47.5%, 

- prismatic, with porosity = 39.6%, and 
- pyramidal, with 25.5 % pores, 

with pore sizes being calculated according to the formula: 
                     Q = [(1 – π.D3/6): D3].100 (%)   {1} 
     However, our idea is to rearrange  in the space among  grains 
such  of less size than that of the pore, i.e. it already comes (ideally) 
to spheres of different diameters.  Therefore, the smaller  grain of 
diameter “d” can be disposed in a pore formed by grains of diameter 
“D” (Fig.1) only if the condition {2}[4] has been met: 
 
                                        d = [√( 2D -1)]D    {2} 
 

 
 
Fig.1 Theoretical basis for calculating  “reinforcing” sand grain 
diameter [6] 
 
      Actually, in the mixtures there exist all the three spatial 
structures simultaneously and unevenly distributed, and hardly ideal 
distribution conditions can be ever implemented. Similarly, it can’t 
be argued that the dispersive reinforcing particles will be disposed 
exactly in the pores among the sand grains.   
    It is necessary to note that the diameter of the dispersive particles 
will vary in conformity with the pore diameter.  
    It is also true that the layer thickness of the binding substance on 
the sand grain surface  will be of essential significance,  its 
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tendency to wetting (for example on the quartz base) and seepage 
into the zone of  connecting bridges.  
    Due to the wide variety and a lot of problems in this field, in the 
present work, a specific  task  to verify the possibility for a 
relationship between the coefficient of morphology Km [5] and 
porosity in foundry mixtures, and whether it is ever possible to 
forecast the pore size at certain particle size as well as limit 
admissible sizes and content of reinforcing particles   has been set.    
 

3. Decision of the examined problem 
      In order to bind the morphology coefficient Km determined 
according to “the Russell-Taylor” method [5], (Fig.2) with  porosity 
and pore size,  tests on real distribution systems  with quartz sands 
01PK025, UKSS1 and KLP027 of different nature and morphology, 
(Figs.3,4 and 5) with grain size = 0.25 mm from Kaolin AD  were 
carried out.  
 

 
 
Fig.2. A Russell-Taylor table for determining the coefficient Km 
 
     The comparison of the tested sands geometry shows that at 
01PK025 the roundness is within 0.55-0.75, at KLP027  it varies 
from 0.60 to 0.80, at UKSS1 it is between 0.70 and 0.90. 
     For sands, the valid opinion is that when forming foundry 
mixture pack in real conditions these can be orientated relative to 
one another both with their protruding and concave parts. This 
significantly affects the pore magnitude  and number of contact 
points.  
     To all this, we have to add that the sand specific surface and 
degree of compaction will exert significant impact on the physical 
and mechanical properties as well.  
     The former is directly related to the distribution of the binding 
substances at wetting in conformity with the state of this surface, 
viscosity and chemical content of the components.  
This is a function of film thickness of the bounding substances and 
their even distribution.  
     The applied under all conditions compaction will exert a great 
influence on the strength and other properties, mainly on the 
number of contact points and size of “bridges”; moreover, a 
solidification  to handling strength is effected in the process of 
applying outside impact. 
     If at ideal conditions and  above accepted ratios  of spatial 
distribution, the average value of porosity is 33.33%, then, it is 
really required to make a correction in accordance with the 
orientation, at sand grains contact with respect  to one another, or: 
 

- For sand 01PK025,  aggregate average (min/max) 
correction factor = 0.13; 

- For sand KLP027,  aggregate average (min/max) 
correction factor = 0.24, and 

- For sand UKSS1,  aggregate average (min/max) 
correction factor = 0.46 

 
    Recalculating,  we will obtain that the average porosity for 
mixtures with  sand of 01PK025 is 28.9%. The one for sand 
KLP027 is 25.3%, and that for sand UKSS1 is 17.9%. 
    Pore sizes will vary within the limits, respectively, for 01PK025 
= 0.013 – 0.035, for UKSS1 = 0.061 – 0.105, and for KLP027 = 
0.026 – 0.063, or these are the maximum values of  dispersive 

particles sizes for adding to the tested mixtures to check up the idea 
of reinforcement.  
    It is evident that if we reinforce with the above sizes, then 
porosity will fall sharply, gas permeability will decrease and  
foundry mould operation will deteriorate at pouring.  
     In order to search optimal quantitative values of the above 
additions, we conducted a series of tests on gas permeability with 
sand UKSS1 and quartz flour at different size ratios and content in 
mixtures.  

    
Fig. 3. Sand 01PK025 
 
    Mixtures are produced  in a KLEIN vibrating mixer, type 
STATORMIX 22  with automated dosing of constant amount and 
proportion  of  the identical components 
    The binding system (resin + hardener)  was from Huttenes –
Albertus.  

 
Fig.4. Sand UKSS1 
 

 
Fig.5. Sand KLP026 
 
   The specimens were obtained with the help of a laboratory press, 
for cylindrical specimen with sizes Ф=50 mm. and Н=50 mm, and 
for beams with AxBxL = 24.5x24.5x172.5 mm, repsectively.  
   Mixtures’ physical and mechanical properties (specimens based 
compressive strength, erosion resistance and gas permeability) are 
determined by laboratory test devices LRu and LfR1 on IO Pl.  
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4. Discussion results 
    Data from the conducted tests are shown in Fig.6 and 7.  
                      

 
 
 
Fig.6. Gas permeability depending on the content of dispersive 
additions of constant size 
 
    In the first graph, it is presented the change in gas permeability as 
a function of the content of dispersive particles in the range to 100% 
of the estimated limited amount. 
   It is observed a gradual reduction of the pore size at their filling 
by dispersive particles, hence the gas permeability reached almost a 
“sanitary minimum” ( 80-100, x 10-8 m2/Paxs). Dispersive particle 
size was constant.  
    Substantial  difference in the above changes between various 
types of tested sands has not been observed.  
    In Fig.7, data on influence of dispersive particles size is 
presented.  

 
Fig.7 Gas permeability depending from the size, in mm, at constant           
content of dispersive additions 
 
    From the graph, it is seen that at selected constant content of the 
dispersive additions in the mixture of sand 01PK025,  a rapid 
decline in gas permeability is observed  within  the size range of 
0.02-0.04 mm, for KLP025 the fall is within the span of 0.05-0.07 
mm, and for UKSS1 it is between 0.07-0.08 mm. 
    Graph no. 6  gives us a possibility to also determine a supposedly  
optimal content of the dispersed reinforcing additions at various 
tested sands.  
   It is known that for normal  gas permeability values in real 
conditions,  a value of around 500 х 10-8 m2/Paxs is accepted. 
Therefore, for 01PK025, an optimum in the physical and 
mechanical properties of the foundry mixture will be expected at a 
content of reinforcing dispersive particles : 25-30%,  for KLP027 : 
20-25%, and for UKSS1: 30-35%.  
 
 
 
 
 
 
 
 
 
 
 

5. Conclusions 
1. For the tested quartz  sand grades,  pore parameters (size 

and amount) were determined; 
2. It was established the relationship  between  morphology 

coefficient and porosity, and a possibility to forecast 
dispersity  of  reinforcing particles; 

3. Admissible  content  to optimize  reinforcing dispersive 
particles in mixtures was determined.  

4. A base to improve  mixtures’ physical and mechanical 
properties through reinforcement was established. 
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