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Abstract—According to the orthogonal experimental method, the 
influences of the feeding sequence, premixing time and final 
mixing time on the permeability, green compressive strength, 
green splitting strength and shatter index are studied when the 
interactions of the factors are considered. The results show that 
the final mixing time is the most important factor that affects 
these property parameters of green sand. Besides the interaction 
between the feeding sequence and final mixing time has bigger 
influence on shatter index than the feeding sequence, the 
influence of factor interactions on permeability, green 
compressive and splitting strengths is lower than that of single 
process parameter. Comprehensively considering these four 
property parameters, the optimal mixing process can be obtained, 
namely, the quartz sand and water are first added and premixed 
about 4 minutes, and then the clay and coal are added and mixed 
about 12 minutes. 
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I.  INTRODUCTION 

Green sand casting has become the main casting method 
because of simple process, lower cost and high productivity 
[1,2]. Statistics show that the rejected castings caused by the 
green sand quality account for more than half of the rejected 
[3]. Therefore, the optimization of green sand properties has 
always been one of the important forefront topics in foundry. 
In general, the properties of green sand mainly depend on its 
components. However, when green sand obtains the same 
components, the properties also differ because of the different 
mixing process [4, 5]. So, it has an important significance for 
improving the properties of green sand and the quality of the 
castings to study and optimize the mixing process. 

When the interactions between the factors are taken 
account, the influences of the feeding sequence, premixing 
time and final mixing time on the permeability, green 
compressive strength, green splitting strength and shatter 
index of green sand are studied according to the orthogonal 
experimental method. The optimal mixing process is got, 
which provides the foundation for further improving the 
quality of green sand. 

II. ORTHOGONAL EXPERIMENTAL DESIGN 

Green sand is composed of quartz sand, clay, water, coal 
powder and other additives. When these components are 
uniformly mixed, the grains will be surrounded by the clay 
films. Thus, the green sand has the special performance [6]. 
During mixing, the feeding sequence, premixing time and final 
mixing time have important influences on the properties of 
green sand, and these three factors may interact. Therefore, the 
feeding sequence, premixing time and final mixing time are 
taken as the influencing factors, and their levels given 
according to the actual production are shown in Table I. The 
levels of the feeding sequence in Table I are as follows.  

TABLE I.  THE FACTORS AND LEVELS OF GREEN SAND COMPONENTS 

factors 
levels A: feeding 

 sequence 
B: premixing 

 time(min) 
C: final mixing 

 time(min) 

1 1 1 4 
2 2 4 12 
3 3 7 20 

Level 1: adding the quartz sand, clay and coal → 
premixing→ adding water → finally mixing; Level 2: adding 
the quartz sand → premixing →adding the clay and coal→ 
finally mixing; Level 3: adding the quartz sand, clay, coal and 
water →premixing → finally mixing.  

The premixing time is that the time of the components 
being added between at first and second time, and the final 
mixing time is the time between the components being added 
at second time and the green sand being mixed completely.  

Based on orthogonal design [7], the L27(3
13) experimental 

scheme, as shown in Table II, is used to study the influence of 
the mixing process on the permeability, green compressive 
strength, green splitting strength and shatter index.  

The components of green sand for experiments are as 
follows: 100% quartz sand, 7% clay, 4% water and 5% coal 
powder, and the roll mixer is used to mix the green sand. After 
the standard samples with the size of Ф50mm×50mm are 
made by the SAC Hammer sampling machine, the 

This work was supported by the Foundation for University Key Teacher 
of Heilongjiang Province of China (1252G025). 

Proceedings of 2012 International Conference on Mechanical Engineering and Material Science (MEMS 2012)

© 2012. The authors - Published by Atlantis Press 693



 

 

permeability is first measured by the STZ tester, and then the 
green compressive and splitting strength are measured 
respectively by the XQY-2 strength tester. The shatter index is 

measured by the falling ball method. During the experiments, 
the average of three measuring data for same parameter is 
taken as the valid value. 

TABLE II.  ORTHOGONAL EXPERIMENTAL DESIGN AND RESULT ANALYSIS 

Column 
No 1 

A 
2 
B 

3 
A×B 

4 
A×B 

5 
C 

6 
A×C 

7 
A×C 

8 
B×C 

11 
B×C 

Ia IIb (kPa) IIIc (kPa) IVd (%)

1 1 1 1 1 1 1 1 1 1 80 134 43.2 73.6 

2 1 1 1 1 2 2 2 2 2 104 142 50.9 78.3 

3 1 1 1 1 3 3 3 3 3 92 156 46.7 80.8 

4 1 2 2 2 1 1 1 2 3 93 142 45.3 74.4 

5 1 2 2 2 2 2 2 3 1 121 147 52.1 79.6 

6 1 2 2 2 3 3 3 1 2 103 160 50.8 81.5 

7 1 3 3 3 1 1 1 3 2 114 151 48.5 75.7 

8 1 3 3 3 2 2 2 1 3 97 157 52.4 81.6 

9 1 3 3 3 3 3 3 2 1 98 168 51.2 82.3 

10 2 1 2 3 1 2 3 1 1 101 138 46.9 73.1 

11 2 1 2 3 2 3 1 2 2 125 152 51.6 78.7 

12 2 1 2 3 3 1 2 3 3 107 165 48.3 80.6 

13 2 2 3 1 1 2 3 2 3 115 146 48.2 74.2 

14 2 2 3 1 2 3 1 3 1 140 164 53.8 82.1 

15 2 2 3 1 3 1 2 1 2 118 171 49.6 83.3 

16 2 3 1 2 1 2 3 3 2 108 150 48.6 75.3 

17 2 3 1 2 2 3 1 1 3 132 166 53.7 80.2 

18 2 3 1 2 3 1 2 2 1 115 175 49.8 81.8 

19 3 1 3 2 1 3 2 1 1 77 128 42.3 73.6 

20 3 1 3 2 2 1 3 2 2 98 143 51.4 76.4 

21 3 1 3 2 3 2 1 3 3 86 162 49.1 79.7 

22 3 2 1 3 1 3 2 2 3 94 126 44.6 74.8 

23 3 2 1 3 2 1 3 3 1 125 142 53.5 78.6 

24 3 2 1 3 3 2 1 1 2 101 165 48.1 81.3 

25 3 3 2 1 1 3 2 3 2 85 132 49.1 75.2 

26 3 3 2 1 2 1 3 1 3 104 149 51.2 78.7 

27 3 3 2 1 3 2 1 2 1 128 168 44.8 81.7 

k1 100 97 106 107 96 106 111 101 109 

k2 118 112 107 104 116 107 102 108 106 

k3 100 109 104 107 105 105 105 109 102 
Ia 

R1 18 15 3 3 20 2 9 8 7 C→A→B→A×C→B×C→A×B 

k1 151 147 151 151 139 152 156 152 151 

k2 159 151 150 153 151 153 149 151 152 

k3 146 157 154 152 166 150 149 152 152 
IIb 

R2 13 10 4 2 27 3 7 1 1 C→A→B→A×C→A×B→B×C 

k1 49.0 47.8 48.8 48.6 46.3 49.0 48.7 48.7 48.6 

k2 50.1 49.6 48.9 49.2 52.3 49.0 48.8 48.6 49.8 

k3 48.2 49.9 49.6 49.5 48.7 49.3 50.3 50.0 48.8 
IIIc 

R3 1.8 2.1 0.8 0.9 6.0 0.3 1.6 1.3 1.2 C→B→A→A×C→B×C→A×B 

k1 78.6 77.2 78.3 78.7 74.4 78.1 78.6 78.5 78.5 

k2 78.8 78.9 78.2 78.1 79.4 78.3 78.8 78.1 78.4 

k3 77.8 79.2 78.8 78.5 81.4 78.8 77.6 78.6 78.3 
IVd 

R4 1.0 2.0 0.6 0.6 7.0 0.7 1.2 0.5 0.2 C→B→A×C→A→A×B→B×C 

a. I is the permeability; b. II is the green compressive strength; c. III is the green splitting strength; d. IV is the shatter index 

III. RESULTS AND ANALYSIS  

The experimental results are shown in Table II. The 
average values ik  and the ranges iR  of the permeability, 
green compressive strength, green splitting strength and 

shatter index are calculated, respectively. Therefore, the 
sequence of the factors affecting the properties of green sand 
can be given by the value of the ranges iR . It can be seen from 
the ranges iR  that the interactions between the feeding 
sequence, premixing time and final mixing time do exist. So, 
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when the optimal levels of the factors are decided, the 
interactions must be further analyzed. The following is the 
further analysis for each property parameter. 

A. Permeability 

The calculation results for permeability in Table II show 
that the interactions of the factors do exist and the influence 
sequence is C→A→B→A×C→B×C→A×B, that is, the final 
mixing time → feeding sequence → premixing time → 
interaction between the feeding sequence and the final mixing 
time → interaction between the premixing time and final 
mixing time → interaction between the feeding sequence and 
premixing time. The interactive data of A×B, B×C and C×A 
can be obtained from Table II, and thus the corresponding 
interactive curve is shown in Fig.1. 
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Figure 1 The interactive diagram of factors for permeability: (a) feeding 

sequence and premixing time; (b) premixing time final mixing time; (c) final 
mixing time and feeding sequence. 

From Fig.1(a) and Fig.1(c) it can be seen that the feeding 
sequence has an important impact on the permeability of 
green sand. The influence of the sequence 2 is bigger than the 
sequence 1 and 3. However, for the same feeding sequence, 
the permeability will go up and then down with the increase of 
mixing time. This can be explained as follows. When the clay, 
water and sand are sufficiently mixed, the complete clay films 
will form and the green sand has high permeability. But with 
the increase of the mixing time, the clay films will be 
destroyed by the mechanical function and the heat function 
generated from the friction. As a result, the permeability will 
drop down. The Fig.1(b) also indicates that the final mixing 
time greatly impacts on the permeability and the interaction 
between the premixing time and final mixing time is larger 
than two others. Accordingly, the optimal combination of the 
factors is A2B2C2. That is to say, the optimal mixing process 
for the permeability is that the quartz sand and water are first 
premixed for 4 minutes, and then the clay and coal are added 
and mixed for 12 minutes. 

B. Green compressive strength 

It can be concluded from Table 2 that the factor sequence 
for compressive strength is C→A→B→A×C→A×B→B×C, 
namely, the final mixing time → feeding sequence → 
premixing time → interaction between the feeding sequence 
and final mixing time → interaction between the feeding 
sequence and premixing time → interaction between the 
premixing time and final mixing time. Table 2 shows that 
there are small interactions between the feeding sequence and 
premixing time, and between the premixing time and final 
mixing time. So, they can be ignored. The interactive curves 
of A×B, B×C and A×C are shown in Fig.2. 
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Figure 2 The interactive diagram of factors for green compressive strength: (a) 

premixing time and feeding sequence; (b) final mixing time and premixing 
time; (c) final mixing time and feeding sequence. 

Fig.2 shows that the green compressive strength keeps 
increasing with the mixing time, which is in accordance with 
the result of literature [8]. In addition, it shows that there are 
no interactions between the feeding sequence and premixing 
time, and between the final mixing time and premixing time. In 
Fig.2(b), high green compressive strength can be also obtained 
when the premixing time is 7 minutes. However, By 
comparing with Fig.2(a) and Fig.2(c), A2B2C2 is designed as 
the optimal combination. Therefore, the suitable mixing 
process for the compressive strength is that the sand and water 
are first premixed 4 minutes, and the clay and coal are added 
and mixed 12minutes. 

C. Green splitting strength 

We can conclude from Table 2 that the sequence of the 
factors affecting the green splitting strength is 
C→B→A→A×C→B×C→A×B, namely, the final mixing 
time → premixing time → feeding sequence → interaction 
between the feeding sequence and final mixing time → 
interaction between premixing time and final mixing time. 
The interaction between the feeding sequence and premixing 
time has little influence on the green splitting strength, and its 
influence can be neglected. The interactive curves of A×C, 
B×C and A×B are shown in Fig.3. 
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Figure 3 The interactive diagram of factors for green splitting strength: 

(a) premixing time and feeding sequence; (b) final mixing time and premixing 
time; (c) final mixing time and feeding sequence. 

Fig.3 shows that the interaction of A×B does not exist 
while the interaction of A×C is too big. With the increase of 
the mixing time, the green splitting strength goes up and then 
down, which differs from the change of the green compressive 
strength. This mainly relates to the clay films. With the 
formation of the complete clay films, the green splitting 
strength will become bigger and bigger, and in the end it 
reaches up to the maximum. But the mixing time is longer, 
parts of the films will be destroyed due to the mechanical 
damage and the friction heat, and thus the splitting strength 
will reduce. Certainly, the film damage can also degenerate 
the green compressive strength. However, the coal plays an 
important role in enhancing the compressive strength with the 
mixing time extension, and this effect is much larger than the 
clay film damage. Therefore, the green compressive strength 
has been increasing. The optimal mixing process for green 
splitting strength drawn from Fig.2 is A2B2C2. 

D. Shatter Index 

The results in Table 2 indicate that the factor sequence of 
affecting the shatter index is C→B→A×C→A→A×B→B×C, 
namely, the final mixing time → premixing time → 
interaction between feeding sequence and final mixing time 
→ feeding sequence → interaction between feeding sequence 
and premixing time → interaction between premixing time 
and final mixing time. The interactive curves of the factors for 
shatter index are shown in Fig.4. 

It can be seen from Fig.4 that the interaction between the 
feeding sequence and final mixing time is very important, and 
there is no interaction between the feeding sequence and 
premixing time. According to the industrial requirement of 
about 80% shatter index, the optimal mixing process is that 
the sand and water are premixed 4 minutes, and then the clay 
and coal are added and mixed 12 minutes. If the efficiency is 
not considered, the process that the sand, clay and coal are 
premixed 4 minutes, and water are added and mixed 12 
minutes can meet the requirement of about 80% shatter index. 
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Figure 4 The interactive diagram of factors for shatter index: (a) feeding 

sequence and premixing time; (b) final mixing time and premixing time; (c) 
feeding sequence and final mixing time. 

IV. CONCLUSIONS 

The final mixing time is the main and important factor that 
affects the permeability, green compressive strength, green 
splitting strength and shatter index of green sand. Except the 
interaction between the feeding sequence and final mixing 
time that remarkably affects the shatter index, the influences 
of the other interactions are lower than the each process 
parameter. The influence of the feeding sequence is smaller 
than that of final mixing time on the permeability and green 
compressive strength while bigger on the green splitting 
strength. Considering these four property parameters, the 
optimal mixing process is that the sand and water are 
premixed 4 minutes, and then the clay and coal are added and 
mixed 12 minutes. 
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