325

A publication of

CHEMICAL ENGINEERINGTRANSACTIONS

VOL. 55, 2016 The Italian Association

of Chemical Engineering
Online at www.aidic.it/cet

Guest Editors:Tichun Wang, Hongyang Zhang, Lei Tian
Copyright © 2016, AIDIC Servizi S.r.l.,
1SBN978-88-95608-46-4; ISSN 2283-9216 DOI: 10.3303/CET1655055

Study on Preparation of Insulation and Flame Retardant
Building Materials with Inorganic Compound Phenolic Foam

Ze Yu*, Daxin Liang

College of Materials Science and Engineering, Northeast Forestry University, Harbin 150040, Heilongjiang, China
zeyu@163.com

Inrecent years, phenol-formaldehyde foam has been widely used as an ideal heat-insulating structural material
in the construction field. However, the traditional phenolic foam itself has the disadvantages of easy powdering
and high production cost. For this reason, this paper studied the preparation of flame retardant building
materials with inorganic compound phenolic foam.In this paper, 15% phosphoric acid was used to acidify the
fly ash and bentonite to prepare the inorganic composite phenolic foam. The effect of acidification treatment
and its addition amount on the performance of the composite phenolic foam was studied. The results show:1)
The strength of the composite foams after acidification treatment is higher than that of the non-acidified
composite foams, especially the acidified fly ash composite foams have better properties. This shows that the
acidified fly ash is more suitable as a filler of composite phenolic foam. 2) The limit oxygen index of the
inorganic composite foam is lower than that of phenolic foam. This shows that inorganic material added to the
resin matrix is bad for flame retardant effect.

1. Introduction

At present, China’s building energy-saving level is still very low, and the use of building insulation materials
are mainly non-flame-retardant polystyrene (PS) foam, polyethylene (CPE) foam and polyurethane foam (CPU)
rigid foam plastic. Compared with PS, PE, PU foam, phenolic foam has excellent fire - retardant insulation
properties.With the deep reform of national policy of building energy conservation and the increasing
requirements of building fire protection, building insulation industry appeared a hitherto unknown development
opportunity and challenge. This paper introduces the research and application of phenolic foam plate,
modified phenolic foam plate with thermal insulation, fire prevention, environmental protection and other
excellent properties, puts forward in the field of building energy conservation should be vigorously promoted
the application of phenolic foam. In recent years, fire frequently happened in buildings which always leads to
collapse and gas explosion causing high temperature and dynamic impact loading on structure at the same
time. It not only threatens people’s lives and property security, but also produce a large number of harmful
fumes, polluting the environment. One of the main ignition sources of urban building fire is the organic
insulation material widely used in modern building exterior wall. Flame-retardant problem of building materials
has become a hot spot at home and abroad. Phenolic foam as a self-flame-retardant foam in the combustion
process does not occur melting, dripping, and it will not produce large amounts of toxic smoke, as well as it
has flame retardant, low smoke, low toxicity characteristics and heat resistance and other advantages, it will
be in the field of construction as an ideal heat insulation material to be more widely used. In the production
process of traditional high solid phenolic resin, phenol and Formaldehyde Solution with the content of 37%
were used as reactive monomers, the preparation of phenolic resin (solid content of about 50%) to go through
the dehydration can be achieved by the phenolic resin to the solid content (70 ~ 85%) requirements, inevitably
produce large amounts of industrial wastewater. At the same time, phenolic foam still has the disadvantages
of high production cost and high price, which has hindered the popularization and application of phenolic foam.
The flame retardant performance of phenolic foam board and polystyrene foam board was studied by means
of the horizontal and vertical combustion analyzer and oxygen index instrument. The results showed that
phenolic foam board could not be ignited in the horizontal and vertical combustion analyzer and it only
generated carbon black under the action of the flame. The polystyrene foam board would be ignited in 3.6s by
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horizontal combustion test and it was burned completely in 9.6s. When the vertical combustion of polystyrene
foam board was tested, it would be ignited in 3.3s and was burned completely in 6.4s. The oxygen index of
phenolic foam board was 41, the oxygen index of polystyrene foam board was 24. Finally, the experiment
showed that flame retardant performance of phenolic foam board was more excellent than that of polystyrene
foam board. Therefore, research and development of low-cost inorganic composite phenolic foam has
important economic and social significance.

With the advent of the world’'s energy crisis, the technologies of energy saving and environmental protection
from exterior wall have gradually become hot topics in building industry. Phenolic foam has excellent flame
retardant and heat-insulating properties, which can be used as exterior wall material. However, its brittleness
and low strength limit the application. In this paper, natural plant fibers are added in phenolic foam before
curing process, and the effects of modified method for the fibers and fiber content on the performance of the
foam composite are investigated. A process for producing a closed cell phenolic-resin foam material
comprising a phenolic-resin polymer and surfactant which is branched, non-ionic, with a hydroxyl value less
than 50 achieved by capping excess hydroxyl groups; the material, and a structural laminate employing the
material. The material has a thermal conductivity which is low initially and remains low for a long period of
time.We summarize the results of previous studies on the invention of short fiber reinforced phenolic foam
composition and its preparation and use. The disclosed fiber-reinforced phenolic foams have a seven-fold
increase in peel resistance over the unreinforced counterpart foam. The phenolic foam has enhanced fracture
toughness without sacrificing the critical fire retardant properties. This paper uses 15% phosphate acid
treatment of fly ash and bentonite, preparation of inorganic composite phenolic foam, and studied the
influence of the acidification and addition on properties of phenolic foam composite, discusses the phenolic
foam preparation process, analyzes the influence of acid curing agent on properties of phenolic foam, create
the apparent density and mechanical properties of phenolic foam model. This change would not only make
building materials more energy efficient, as well as improve health and environmental impacts.

2. Experiment

2.1 Materials and equipment

Phenol, sodium hydroxide, phosphoric acid, hydrochloric acid (36 wt%), methanol, p-toluenesulfonic acid,
these all are analytical grade, Nanjing Chemical Reagent Co., Ltd;Formaldehyde solution (37 wt%),
paraformaldehyde, both are analytical grade, Shanghai Ling Feng Chemical Reagent Co., Itd.;Calcium oxide,
petroleum ether, polysorbate cool -80, these all are are of analytical grade, Sinopharm Group Chemical
Reagent Co., Itd.;Fly ash, Shanghai Yu Ai Technology Co., Ltd.; Bentonite, Anji County, Zhejiang Province
eternal refined bentonite factory.

2.2 Experimental method

1) Synthetic resin

The synthesis of high-solids phenol-formaldehyde resin is as follows: In a 500mL four-necked flask equipped
with a stirrer, a reflux condenser and a thermometer, a certain amount of phenol and formaldehyde solution
were added, paraformaldehyde was added in two batches in succession from the second stage, and the
catalyst was added sequentially in three batches from the second stage. In the first stage, the temperature is
raised to 85 C and the reaction time is 30 ~ 40 min. In the second stage, the temperature is maintained at
85 °C and the reaction time is 50-70 min. In the third stage, the temperature is maintained at 85 °C and the
reaction time is 50 ~ 70min. In the fourth stage, the reaction temperature is maintained at 75 °C and reaction
time is 30 ~ 40min, and the reaction product is cooled to below 40 °C.

2) Preparation of phenolic foam

Phenolic foam preparation method is as follows: The high solid containing phenolic resin is sequentially added
with surface active agent, curing agent and fully stirred, then adding foaming agent, and quickly mixed evenly,
and finally pour the resin mixture into the mold (50 x 160 x 210mm), foaming and curing at 70°C.

3) Method for treating inorganic material

Bentonite and fly ash were respectively treated with 15% phosphoric acid solution at 80 + 5 “C and 350r / min
for 4h, dried and grinded at 60 °C for 100 mesh. The solid-liquid ratio of the above treatment methods was 1:5.
4) Preparation of Composite Phenolic Foam

Preparation of composite phenolic foam was prepared using the method described in 2.2.2 for the preparation
of phenolic foam.

2.3 Performance testing and characterization methods
1) Compressive strength testing of foam
The compressive strength is determined according to the provisions of GB 8813-2008.



327

a) Test principle of compressive strength

The vertical stress applied to the specimen can be calculated by the stress of the specimen.If the relative
stress of the corresponding maximum deformation is less than 10%, it called the “compression strength.” If the
relative maximum stress corresponds to or exceeds 10% of the relative strain, the compressive stress at 10%
relative deformation is the result of the test and is called the compressive stress at 10% relative deformation.
b) Sample preparation and number of samples

The thickness of the specimen is50+1mm, when using the product with molded skin, the sample should take
the original product of the original thickness, but the minimum thickness of 10mm, the maximum shall not
exceed the sample width or diameter. The compression surface of the specimen is square or round, and the
area is between 25cm?and 230cm?. It is preferable to use a square prism specimen with a pressure surface of
(100 £ 1) x (100 £ 1) mm. The parallelism error between the two planes should be less than 1%. Rigid foam
plastic products or thick plate in the preparation of samples, sampling methods and quantity should refer to the
provisions of the standard foam products, at least five samples.

c) Calculation method

om=102xFmAQ M

In the formula, omis the compressive strength, kPa; Fnrepresents the maximum amount of compression, N;
Agrepresents the initial cross-sectional area of the specimen, mmZ.
The compressive elastic modulus is calculated as follows:

E=omxFexe (2)

In the formula, Eis the compressive elastic modulus, kPa; Fcrepresents the compressive force within the
proportional limit, N; xe represents the displacement at Fe, mm.

2) Bending strength testing of foam

The flexural strength was determined according to the method specified in GB 8812-2007.

a) Test principle

The load head applies the load to the specimen supported on the two bearings at a certain speed. The load
should be applied perpendicularly to the center of the two fulcrums, record the load and deformation, and
calculate the flexural strength and the apparent flexural modulus.

b) Sample preparation and number of samples

Sample preparation should not deform the cell structure of the sample. The specimen may be covered with
one or more surface skin, such as a band skin, which should be recorded with at least five samples per group.
The specimen was placed symmetrically on the support and the load head was moved at a constant velocity,
and the pressure was applied perpendicular to the longitudinal axis of the specimen. The test speed is (20+1)
mm/min.

c) Calculation method

The flexural strength is calculated as follows:

R=1.5FRxLbd2 3)

In the formula, R is bending strength, kPa; Fris the maximum applied load, kN; L represents the span between
the twoseats, mm; bis the width of the sample, mm; d is the thickness of the sample, mm.
The apparent bending elastic modulus is calculated as follows:

E=L34bd3xFtxtxL105 4)

In the formula, E represents the apparent flexural modulus of elasticity, kPa; F: represents the load
corresponding to the deformationxt, kN; xtis the corresponding deformation, mm.

3) Limit oxygen index test of foams

Limit oxygen index with reference to GB / T 2406-93 “plastic combustion performance test method” provisions
of the determination.

The sample is vertically fixed in the combustion tube, so that oxygen and nitrogen mixed gas flow from the
bottom up ignite the top of the sample, while timing and observation of the sample combustion length,
compared with the provisions of the criteria. A set of samples was tested in different oxygen concentrations to
determine the minimum oxygen concentration at which the plastic just kept stationary, expressed as a
percentage of the oxygen content of the mixture.

4) Thermal conductivity test of foam

The thermal conductivity of foam sample was tested by T322 thermal conductivity analyzer of C-THERM
Company of Canada.
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3. Results

3.1 Compressive and flexural properties of inorganic composite phenolic foam

The relationship between the addition of inorganic materials and the compressive strength of the composite
phenolic foam is shown in Figure 1. The relationship between the flexural strength of the composite phenolic
foam is shown in Figure 2.
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Figure 1: Compressive strength of inorganic composite phenolic foam
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Figure 2: Flexural Strength of Inorganic Composite Phenolic Foam

From figure 1, with the addition of inorganic materials, the compressive strength of phenolic foam except
acidification bentonite increased slightly at the addition of 15%, and the compressive strength of other
composite foams decreased gradually, while the compressive strength of the composite foams after acid
treatment is higher than that of the non-acidified composite foams, especially the acidified fly ash composite
foams have the highest compressive strength. From figure 2, with the increase of inorganic materials, the
flexural strength of the composite phenolic foam decreases first, then reaches the peak value when the
inorganic material is 15%, and then decreases gradually. Comparing with the compressive strength, the
flexural strength of the composite foams after acid treatment is higher than that of the non-acidified inorganic
phenolic foams. The results showed that the mechanical properties of the inorganic composite phenolic foam
were improved to some extent after acidification treatment.

3.2 Flame retardancy of inorganic composite phenolic foam
The flame retardancy of the inorganic phenolic compound foam is shown in Figure 3.
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Figure 3: Limit oxygen index of inorganic compound phenolic foam

From figure 3, with the increasing amount of inorganic materials, the limiting oxygen index of composite foams
has similar trend, and all of them show a decreasing tendency. The oxygen index of composite foams without
acidizing treatment decreases more remarkably, and the bentonite composite The limiting oxygen index of the
foam is slightly higher than that of the composite phenolic foam of fly ash. The oxygen index of the composite
phenolic foam changed little after acid treatment, and remained at about 39%. The oxygen index of the
composite phenolic foam was slightly higher than that of the non - acidified fly ash composite phenolic foam
after acidification treatment. The results showed that the addition of inorganic materials had no positive effect
on the flame retardancy of the composite foams, but decreased the limit oxygen index of the composite foams,
and the addition of inorganic materials and the acidification treatment had little effect on the oxygen index of
the composite foams.

3.3 Thermal conductivity of inorganic composite phenolic foam
The thermal conductivity of the composite phenolic foam with 30% inorganic material is shown in Figure 4.
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Figure 4: Thermal Conductivity of Inorganic Composite Phenolic Foam

Figure 4 shows that inorganic materials with no addition of phenolic foam compared to the thermal
conductivity of inorganic materials composite foam thermal conductivity than pure phenolic foam has
increased. The thermal conductivity of the composite phenolic foam after acidification treatment is slightly
lower than that of the composite phenolic foam, and the thermal conductivity of the composite phenolic foam
after acidification treatment is the most obvious, almost equals to pure phenolic foam. The results show that
the inorganic materials have some effect on the acidification treatment, and the inorganic materials have little
effect on the performance of the composite foams.
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4. Conclusion

With the rapid development of thermal power industry, China's annual emissions of fly ash nearly 20 million
tons, a large number of inefficient fly ash accumulation, not only take up a lot of land, and serious pollution of
the environment. The preparation of building thermal insulation materials by using phenolic materials such as
fly ash and bentonite is the general trend. Based on the analysis of the properties of the inorganic composite
phenolic foam, the following conclusions can be drawn: The acidified fly ash is more suitable as filler for
composite phenolic foam; after the inorganic material is added to the resin matrix, forming a "wick" effect, it is
unfavourable to the retardant effect.
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