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Abstract: The thermal stability, particle size and morphology and oil absorption of aluminum hydroxide(ATH) treated by dry
modification with three different modifiers were investigated. The experimental results show that the thermal stability of ATH
powder is markedly improved by dry modification technology with the following modifiers such as phosphoric acid, polyacrylic acid
and the mixture of phosphoric acid and polyacrylic acid. The best effect comes from pure phosphoric acid, and the initial temperature
for the loss of crystal water of ATH powder modified with pure polyacrylic acid can reach about 202 that is approximately 10
higher than that of ATH powder before modification. The phenomena of agglomeration and macro-aggregate badly exist in ATH
powder modified with the modifiers containing phosphoric acid. The growth of particles and agglomerations of powders are not
evident in ATH powder modified with pure polyacrylic acid. The oil absorption of ATH powder modified with the modifiers
containing phosphoric acid is apparently larger than that of original ATH powder and ATH powder modified with pure polyacrylic
acid. The oil absorption of the ATH powder modified with pure polyacrylic acid is slightly smaller than that of original ATH powder.
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1 Introduction

Aluminum hydroxide (ATH) is found to be an
increasing consumption in high polymers as flame
retardants due to its excellent performances such as
flame retardance, smoke suppression, filling, low price
and non- toxicity[1—2]. However, ATH’s drawbacks such
as lower shaping temperature, higher oil absorption and
worse compatibility between ATH and high polymers
limit its extensive application in fire resistance
fields[3—4].

Many methods are employed to improve the
universal flame retardant performances of ATH such as
raising thermal stability and reducing oil absorption. The
essence of partial dehydration[5] is lowering the apparent
molecule quantities of crystal water in ATH to 1.8-2.9 so
as to raise the thermal stability of ATH, but the removal
of partial crystal water will depress the universal flame
retardance performances of ATH. Ultramicronization can
availably increase the specific surface area of powder so

that the water vapour fractional pressure on the surface
of ATH powder decreases and flame retardance
efficiency increases. In addition, ultramicronization is an
effective way to improve the mechanical property of high
polymer products. High purification is usually used to
lower the content of ion insoluble substances (especially
Na,0) in ATH powder so that the conductivity of ATH
powder falls. Nevertheless, ultramicronization and high
purification will result in the increase of production cost
of ATH powder[6]. Recombination with other synergistic
flame retardant agents[7—9] is an available method to
improve the universal flame retardant performances of
ATH, whereas this method goes against the control of
production cost due to the fact that some synergistic
agents are more expensive and some recombination
technologies are correspondingly complex. Surface
modification[10—11] is an effective and simple method
to improve the thermal stability of ATH and reduce its oil
absorption, which is achieved by the formation of
coatings on the surface of ATH particles. Especially, dry
surface modification attracts more and more researching
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interests on account of its advantages such as fewer
working steps and almost no emission of three major
polluting wastes.

For dry modification of ATH, organic substances
such as silicacane, titanate and stearic acid or stearate are
accustomed modifiers, which are only effective to
improve the compatibility between ATH and high
polymers but not evident to enhance the thermal stability
of ATH powder[6,10—12]. So, it is necessary to research
novel modifiers which can not only increase the thermal
stability of ATH powder but also reduce its oil
absorption. Some literatures showed that phosphoric acid
(H;PO4) can react with aluminum hydroxide and
generate phosphate of aluminum such as Al(H,PO,); and
AIPO,4 which have higher thermal stability. As a result,
the thermal stability of ATH modified with H;POy is
improved[13—14]. Additional studies showed that
polyacrylic acid (PAA) is available to reform the surface
performances of inorganic powder[15,16]. So, H;PO,,
PAA and the mixture of H;PO, and PAA were chosen as
modifiers during dry modification process of ATH, and
the performances such as thermal stability and oli
absorption of modified ATH powder were also
investigated in this work.

2 Experimental

2.1 Samples preparation

Main materials used in this study were ATH powder
(industrial product from Shangdong Aluminum Co.,
Shandong Province, China), H;PO, (concentration of
85%, analytical grade), PAA (concentration of 30%,
analytical grade) and deionized water. Main apparatus
used in this study were a mixer (maximal rotary speed of
20000 r/min, FW100, Tianjin Taisite Instrument Co. Ltd)
and a controlled temperature drier with a maximal
temperature of 300

The preparation of modified ATH samples can be
described as follows. 1) Making up three different
modification solutions of 12.5 mL by introducing 2.5 g
pure H;PO,, mixture of H3;PO, and PAA(mass ratio of
1:1), pure PAA into deionized water, respectively; 2)
Dispersing in batches each modification solution into
ATH powder of 50 g by an injector, high speed mixing
for 10 min after each injection, and the times of solution
injection was 5; 3) Drying the modified powder samples
overnight at 120

2.2 Testing methods

The initial temperature for the loss of crystal water
was used as an indication of thermal stability of powder
samples, which was gotten by TGA-DSC on a TA
instrument SDT Q600 thermobalance. The testing
temperature interval was 25—800 , and the diagrams

were obtained with 5 /min heating rate and
100 mL/min linear gas flow rate in air atmosphere.

The oil absorption of powder sample was measured
by the following procedure. 1) Drying powder samples at
105 for 1 h, 2) Taking 5 g dried sample onto the
glass board, then adding castor oil into the sample with a
burette, meanwhile mixing the oil and powders with
glass rod, 3) Stopping the titration of castor oil when the
mixture turned to strips and bits, and the mixture could
be rolled onto the glass rod with no oil trace on the board.
The castor oil absorption per 100 g aluminum hydroxide
powders was defined as the oil absorption.

In addition, scanning electron microscopy (SEM,
JEOL, JSM5600) was employed to investigate the grain
morphology of samples. The structure characteristics of
samples were verified by X-ray diffractometer(XRD),
with Cu K, radiation.

3 Results and discussion

3.1 Phase characteristics and thermal stability of
powder samples before and after modification

The XRD patterns of samples before and after
modification are shown in Fig.1. Obviously, the
modification does not change the crystal structure of
trihydrate alumina. However, the diffracted intensity of
the main diffraction peaks of samples after modification
reduces to some extent. For the samples treated with
modifiers containing H;PO,, the changes of diffracted
intensity may be mainly due to the fact that the surface of
ATH particles is closely coated by phosphates of
aluminum such as Al(H,PO,); and AIPO, from the
reaction between H;PO, and ATH[14]. On the other hand,
there are complicated interactions between PAA and
ATH since PAA is an organic weak acid with large steric
hindrance groups. PAA is likely to be directly absorbed
on the surface of ATH particles to be a coating layer,
which is possibly similar to the absorption of PAA on the
surface of TiO, particles[16]. Perhaps, PAA is bonded on
the surface of ATH particles by coordinate bond to be
surface coat just like the interaction between PAA and
Fe;04[17]. The formation of surface coat may directly
lead to the weakening of the diffracted intensity of
sample modified with PAA. Thus, it can be concluded
that the dry modification is available to form the surface
coat which leads to the weakening of the diffracted
intensity of modified sample.

Fig.2 shows the DSC-TGA curves of the samples
before and after modification. The followings can be
seen: 1) The shapes of all DSC-TGA curves are almost
similar, nevertheless the initial temperature for the loss of
crystal water of the all modified samples rises compared
with 192 of the original sample, that is to say, the dry
modification used in this study can effectively improve
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Fig.1 XRD patterns of ATH powder before and after modification: (a) Before modification; (b) Modified with phosphoric acid;
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Fig.2 DSC-TGA curves of ATH powder before and after modification: (a) Before modification; (b) Modified with phosphoric acid;
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the thermal stability of ATH. This may be attributed to
the formation of surface coat. 2) The initial temperature
for the loss of crystal water of sample gradually falls
with the decrease of H;PO, content in modifier. For
example, the sample modified with pure phosphoric acid
has the highest initial loss temperature of 208  that is
higher than 205 of sample modified with the
mixture of H;PO,and PAA as well as 202 of sample
modified with pure PAA. After analyzing the changes of
temperature, it can be seen that H;PO, is more helpful to
raising the initial temperature for the loss of crystal water
of ATH, which may result from the existence of high
thermal stability phosphates of aluminum such as
Al(H,PO,); and AIPO, in surface coat.

3.2 Particle size and morphology of powder samples

before and after modification

Fig.3 represents the SEM images of powder
samples before and after modification. Obviously,
agglomeration and macro-aggregate badly exist in ATH
powder samples modified with the modifiers containing
H;PO,. This may be attributed to the reaction between
H;PO,4 and ATH. The reaction leads to the formation of
phosphates of aluminum which coats on the surface of
ATH, as a result, the particle size grows. In addition, the
reaction also produces viscous compounds such as
AI(H,POy4); that can easily connects ATH particles
together. Consequently agglomeration and macro-
aggregate come into being after powder samples are
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Fig.3 SEM images of ATH powder: (a) Before modification; (b) Modified with phosphoric acid; (¢) Modified with mixture of
phosphoric acid and polyacrylic acid;(d) Modified with polyacrylic acid

dried[14].

It can be also found that the particle size of ATH
powder modified with pure PAA changes very little; and
when modifiers contain PAA, the agglomeration is
relatively slighter than that in sample modified with pure
H;PO,. This may be due to the existence of large steric
hindrance groups in surface coat, which can availably
prevent the agglomeration during drying process[18—19].

3.3 Oil absorption of powder samples before and after
modification

Oil absorption is one of the main factors influencing
the application of ATH as flame retardant. The larger oil
absorption results in not only higher viscosity in the high
polymer slurry but also larger cost[20]. The oil
absorption of powder samples before and after
modification is given in Table 1.

Testing results indicate that the oil absorption of
ATH powder modified with the modifiers containing
H;PO, is apparently larger than that of original ATH
powder and samples modified with pure PAA. Ref.[21]
showed that the dimension of pores existing in powder
congeries and surface morphology of powders are the
decisive factors to oil absorption of powders. SEM
images of samples (Fig.3) show that agglomeration and
macroaggregate appear in modified sample when the
modifiers contain H;PO,4, and the surface of macro-
aggregates is very coarse and rugged, even some
acuminate protuberances appear as well. And the
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dimension of pores existing in powder congeries
increases with raising the mass of H;PO, in the
modifying agent. These may be main reasons why higher
oil absorption exists in powder samples modified with
modifiers containing H;PO,.

While being modified with PAA, the oil absorption
of sample is slightly smaller than that of original ATH
powder. This may be due to the fact that the surface of
the sample is relatively lubricous, and the growth of
particle and agglomerates of powder are not evident. In
addition, the fact that PAA is organic matter may be
another reason why the modified sample has smaller oil
absorption.

Table 1 Oil absorption of Al(OH); powder before and after

modification

Modification method 0il absorption/(10 2mL-g ")

Before modification 44
Modified with H;PO, 74
Modified with mixture of 65
H;PO4and PAA
Modified with PAA 41

4 Conclusions

1) The thermal stability of ATH powder is markedly
improved by dry modification technology with the
following modifiers such as H;PO,, PAA and the
mixture of H;PO4 and PAA, and modifiers containing
H;PO, are more effective to raise the thermal stability
than modifiers without H;PO,.

2) The phenomena of agglomeration and
macroaggregate badly exist in ATH powder modified
with the modifiers containing H;PO,, but the growth of
particles and agglomerates of powder are not evident in
ATH powder modified with pure PAA.

3) The oil absorption of ATH powder modified with
the modifiers containing H;PO, is apparently larger than
that of original ATH powder. However, the oil absorption
of sample modified with pure PAA is slightly smaller
than that of original ATH powder.
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