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MECHANICAL PROPERTIES OF MODIFIED BINDERS
VS. SAND STRENGTH

1.

INTRODUCTION

The physico-chemical processes taking place in a sand-binder system determine the
formation in foundry sand mixtures of sand-binder bonds of a specific geometry.
When the liquid binder is added to a foundry sand, the bridges of bonds are formed.
Their geometry depends on the binder viscosity and wetting dynamics [1–5]. Examined
carefully, the results of the basic research carried out on a quartz sand – binder system show
us that the sand acquires its high strength due to the presence of the, so called, non-enveloped bonds [6, 7]. The said bonds are formed when the physico-chemical parameters of
binder are characterised by low viscosity and high wetting dynamics, thus enabling the said
binder to quickly spread and reach the respective contact points [8, 9]. Low viscosity and
high wetting dynamics can be achieved either by mixing the binder with proper diluents or
by increasing the temperature of the whole system.
The aim of this study was to prove that the geometry of the bridges formed in a sand –
binder system affects the mechanical properties of the hardened sand.
2.

RESEARCH PART
2.1. Materials

Studies were carried out on a low molecular-weight, diepoxy diane resin characterised
by the following parameters:
 molecular mass Mcz (300600 g/mole),
 epoxy number LE (0.350.58),
 density d25 = 1170 kg/m3,
 viscosity η20 = 67.61 Pa·s.
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The diluent for the resin was butyl acetate characterised by the following properties:
Mcz = 116.6 g/mole; twrz = 126.5oC; d20 = 881 kg/m3, η25 = 0.69 mPa·s; μ25 = 1.84 D.
The hardener for the binder was triethylenetetraamine (Z-1 hardener), added in an
amount of 10wt.% in respect of the resin content.
2.2. Methods and equipment
The properties of the epoxy resin were modified with butyl acetate added in an amount
of either 5 or 30 parts by weight.
The binder preparation consisted in mixing the individual constituents in predetermined weight proportions, with later homogenising of the composition and casting of
paddle-shaped specimens [7], hardened for 1 hour at 100oC.
The mechanical properties of the hardened binders were tested using a prototype apparatus for the measurement of adhesion and cohesion forces [11]. Its use enabled recording
of the tensile force in function of time. The measurements were taken at 25oC applying
a constant loading rate of V = 5 mm/min.
For modified binders, the results of the tests were verified on sands hardened at 100oC,
performing the tensile test Rmu after different times of hardening.
3.

RESULTS AND DISCUSSION

Figures 1–3 illustrate changes of stress (σ) in function of relative displacement (ε) for
pure binder (Fig. 1) and for binder containing modifier added in amounts of 5 and 30 parts
by weight (Figs. 2 and 3, respectively).

Fig. 1. Stress σ changing in function of relative displacement ε in a specimen of pure epoxy binder;
initial specimen thickness  0.56 mm; hardening conditions: hardening temperature  100 oC;
hardening time  1 h; test conditions: test temperature  25 oC, loading rate  5 mm/min
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Fig. 2. Stress σ changing in function of relative displacement ε in a specimen of epoxy binder containing 5 parts by weight of butyl acetate: initial specimen thickness  1.59 mm; hardening conditions: hardening temperature  100 oC; hardening time  1 h; test conditions: test temperature 
25oC, loading rate  5 mm/min

Fig. 3. Stress σ changing in function of relative displacement ε in a specimen of epoxy binder containing 30 parts by weight of butyl acetate: initial specimen thickness  0.65 mm; hardening conditions: hardening temperature  100 oC; hardening time - 1 h; test conditions: test temperature  25oC,
loading rate  5 mm/min

As follows from the recorded run of function σ = f(ε), plotted for the binder without an
addition of modifier, changes in the strain – displacement system (Fig. 1) are typical of
elastic strains.
With small additions of modifier (Fig. 2), the σ = f(ε) curve changes slightly its course;
similar changes occur in the value of the breaking stress, which now amounts to about
70 MPa.
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Large additions of modifier (Fig. 3) have an important effect on the run of function
σ = f(ε) and on the value of the breaking stress. The elongation of specimen typical of
plastic strains and a considerable drop in the value of the breaking stress to (about 20 MPa)
are noted.
The differences in the mechanical strength of binders modified with small and large
amounts of butyl acetate [7] are confirmed by equations (1–3):
 for pure epoxy resin
2
σ K = 72.1 ⋅ e−0.005hu ; R = 0.6597; 0.50 mm < hu < 1.30 mm

(1)

 for epoxy resin with an addition of 5 parts by weight of butyl acetate
2
σ K = 83.7 ⋅ e−0.222 hu ; R = 0.41; 0.50 mm < hu < 1.50 mm

(2)

 for epoxy resin with an addition of 30 parts by weight of butyl acetate
2
σ K = 62.9 ⋅ e−1.72hu ; R = 0.81; 0.10 mm < hu < 1.00 mm

(3)

where: σK is the strength of a specimen of the hardened binder of the height hu.
According to the proposed equations [1–3], the cohesive strength of the hardened layer
of pure binder of a 0,1 mm thickness amounts to about 72.1 MPa, while modification of the
binder with small additions of butyl acetate raises this strength to a level of about 81.9 MPa.
Large additions of the modifier make this binder behave like a plastic body, thus resulting in
an about 25 percent (compared to non-modified resin) drop of cohesive strength to a value
of about 53 MPa.
Figure 4 illustrates the effect of epoxy binder modification with butyl acetate on the
tensile strength Rmu of sand held for 3 hours at 100oC.
Hence it follows that, under the examined conditions of hardening, the tensile strength
of the sand with non-modified binder is the lowest. It is changing from about 0.8 MPa
u
to about 1.6 MPa, while the tensile strength Rm
of the sand with modified binder is capable
of reaching its maximum and constant level (above 2 MPa) as early as after about 0.5 h
of the hardening process. Sands containing the binder which was modified with large
amounts of butyl acetate offered the strength only slightly higher (about 2.4 MPa) than
the strength of the sands in which the binder was modified with small additions of ester
(about 2.3 MPa).
The small differences in the achieved strength levels can be explained with different
cohesive properties of the hardened binder, approaching the properties of:
 brittle materials  for binder modified with 5 parts by weight of butyl acetate,
 plastic materials  for binder modified with 30 parts by weight of butyl acetate.
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u
Fig. 4. Effect of hardening time and diluent addition on the sand tensile strength Rm
; sand composition (in parts by weight): sand from Szczakowa  100; binder (EPIDIAN 5 resin + butyl acetate)
 0.7; Z-1 hardener  10wt.% in respect of resin; mixing conditions: 1) sand + binder  1.5 min;
2) sand + binder + hardener  1.5 min; compacting by vibrations; hardening temperature  100 oC,
hardening time  3 h

4.

SUMMARY

The physico-chemical properties of the applied binder, such as the viscosity and
wetting dynamics, are responsible for the formation in foundry sand of bond bridges of
a specific geometry.
The strength of the hardened sand depends not only on the geometry of the bond bridges
but also on the mechanical properties of these bridges in as-hardened state – typical of
brittle materials when the additions of modifier are small, and of plastic materials when
large amounts of the modifier are added.
5.

CONCLUSIONS
1. The mechanical properties of the hardened sand depend on the physico-chemical parameters of a liquid binder, i.e. on its viscosity and wetting dynamics.
2. The low viscosity of binder resulting in high wetting dynamics favours the formation
of bond bridges characterised by an optimum geometry and size.
3. Apart from the viscosity and wetting dynamics, the strength of the hardened sand also
depends on the amount of the added modifier; too large addition of the modifier reduces the sand strength by making the binder behave like plastic material.
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