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Substitute materials of furfuryl alcohol 
in furan resin used for foundry and 
their technical properties
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Abstract:  Based on a special synthesis process of furan resin, the furfuryl alcohol (FA), the main component 
of typical no-bake furan resins is substituted by ethanol and xylitol mother liquor which is relatively low price and 
chemically active. Through orthogonal test, the optimal amount of xylitol liquor, ethanol and modifi er has been 
determined. Finally, the test results on technical properties show that the performance can meet the production 
requirement well, which indicate a success in this substituting attempt.
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The energy crisis and the increasing fierce market 
competition around the world have a tremendous impact 

on the foundry industry. Foundry is being forced to seek for 
energy-saving and more efficient casting methods. The no-
bake furan resin bonded sand, with which self-setting of 
the mold and core can be achieved at room temperature, is 
characterized by high strength, high dimensional accuracy, 
fast hardening rate, high production effi ciency and low labor 
intensity as well as abundant source of raw materials and 
simple production process. Therefore, furan resin is widely 
used in casting practice since Americans pioneered the no-
bake furan resin bonded sand technology in the 1950s [1]. It can 
be used for castings in various materials, different types and 
different structures, particularly for iron and nonferrous alloy 
castings [2]. The introduction of furan resin has greatly changed 
core-making process in the single unit production. Mechanized 
molding line can be realized in the single unit production, as 
represented by the "high-speed molding cycle" [3].

However, relatively high prices preclude further application 
of furan resin, caused mainly by large usage of furfuryl 
alcohol (FA) which holds very high price these years [4]. Thus, 
seeking a suitable and cheaper substitute material for FA has a 
signifi cant effect on wider industrial application of furan resin.

The objective of this study is to substitute FA with cheaper 
materials which have similar properties to fulfill industrial 
demand. Ethanol and xylitol liquor are selected from many 

kinds of materials as substitution, and the effect of ethanol and 
xylitol liquor content on technical properties of the resin has 
been studied to determine the optimal composition. 

1 Experimental details
1.1 Materials and instruments
The main chemical reagents used in the experiment include 
FA, formaldehyde, urea, NaOH, hydrochloric acid, xylene 
acid, ethanol, xylitol and other liquor. The instruments 
involved are a SAC hammer type of sample machine, a sand 
mixer, a SWY sand strength tester and a gas evolution detector 
for molding material.

1.2 Performance measurement
(1) Tensile strength test
A certain amount of standard sand was fi rstly weighed and 

added into the sand mixer. After 1 min of stirring, the curing 
agent was added in proportion, followed by additional 1 min 
mixing while adding the resin to make the “8” shaped samples. 
Then the fi nished specimens were put in air for natural curing 
for 1 h, 4 h, and 24 h, respectively. Finally, the tensile strength 
test was carried out on a SWY sand strength tester.

(2) Viscosity test
Viscosity measurement was carried out using a revolving 

viscosity meter.
(3) Collapsibility test
After being set for 24 h, the hardened sample was heated to 

and held at 400℃, 500℃ and 530℃, respectively in a box-
type resistance furnace and then cooled to room temperature 
for residual strength test.

(4) Gas evolution amount test
Hardened sample of 1 g was prepared and heated to 850℃ 

in the SFL-type gas detector to determine the gas evolution 
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amount.

1.3 The synthesis process
The material molar ratio of urea to formaldehyde and FA was 
1:6.3:8.9. The synthesis process includes three steps: first, 
alkaline addition reaction is carried out at PH of 10 and 100℃ 
with a reaction time about 1.5 h; second, the acid resinifi cation 
(reaction) was taken at PH of 6 for about 1 h at about 100℃; 
at last, the dehydration process was carried out to control the 
dehydration amount to 70% of formaldehyde solution.

2 Results and discussion
2.1 Content optimization of substitute 

materials 
Partial substitution of FA by the xylitol liquor can markedly 
improve the strength of the resin, but can also cause high 
viscosity and instability. On the other hand, adding ethanol 
brings in better viscosity and stability but poor strength. 
Therefore, the suitable mixture of these two substances can 
combine the two advantages. In addition, modifi er J (as shown 
in Table 1) is also added to enhance the stability of the resin. 
Then the method of orthogonal test was used for content 
optimization of both the two substitutes and the modifi er with 
strength as the object. The level design of orthogonal factors 
is shown in Table 1. The test results are shown in Table 2 
and Table 3 with 4 h strength and 24 h strength as the object, 
respectively. Figures 1 and 2 show the analysis results of 
the factors. It can be seen that the same optimization result 
can be achieved for both objects. The optimum contents of 
the substitutes and modifier are as follows: 12.5% xylitol 
liquor, 10% ethanol, and 0.3% modifier. After the optimum 
content substitution, the 4 h strength and 24 h strength of resin 
can reach 2.42 MPa and 2.58 MPa, respectively with lower 
viscosity, better liquidity and greatly enhanced stability.

Table 2: Data of orthogonal test with 4 h strength as 
the object

Table 3: Data of orthogonal test with 24 h strength 
as the object

Table 1: Level design of orthogonal factors

Level
Factors

Xylitol liquor (%) Ethanol (%) Modifi er J (%)

1 10 5 0.2

2 12.5 7.5 0.3

3 15 10 0.4

2.2 The fractography of the resin sand 
specimen after substitution 

The fractography of the resin sand specimen after substitution 
is shown in Fig. 3. It can be seen that after substitution the 
sand particle is fully packaged by resin, and little brittle 
structure can be found between evenly distributed resin layers. 
The sample is torn along the resin layer between the sand, the 
torn surface is uneven and the resin layer is relatively dense, 
indicating good toughness of the resin to sustain greater 
tensile force before fracture and leading to high strength of the 
sample.

Test no. A B C 4 h Strength (MPa)

1 A1 B1 C1 1.64

2 A1 B2 C2 2.17

3 A1 B3 C3 2.08

4 A2 B1 C2 2.31

5 A2 B2 C3 1.94

6 A2 B3 C1 2.13

7 A3 B1 C3 1.48

8 A3 B2 C1 1.70

9 A3 B3 C2 1.74

K1 1.96 1.81 1.82

K2 2.13 1.94 2.07

K3 1.64 1.98 1.83

R 0.49 0.17 0.25

Test no. A B C 24 h Strength (MPa)

1 A1 B1 C1 1.98

2 A1 B2 C2 2.33

3 A1 B3 C3 2.27

4 A2 B1 C2 2.53

5 A2 B2 C3 2.23

6 A2 B3 C1 2.39

7 A3 B1 C3 1.55

8 A3 B2 C1 1.86

9 A3 B3 C2 1.89

K1 2.19 2.02 2.08

K2 2.38 2.14 2.25

K3 1.77 2.18 2.02

R 0.61 0.16 0.23

Fig.1: Effect of factors on 4 h tensile strength of resin sand






