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Abstract

The hydrothermal synthesis of AIR@G, which is one of the large pore size aluminum phosphate condensates like zeolitic materials, was
carried out by using aluminum dross as a raw material. Triethylamine (TEA) was used as a structure directing agent (SDA)f6r AIPO
synthesis. Various physical properties such as crystal structure, surface texture and specific surface area were investigated for the obtainec
reaction product.

AIPO,-5 can be synthesized from aluminum dross under hydrothermal conditions at 453—-473 K for 3 hsAlR3 a by-product, which
is a non-porous material, is formed at the same time. The crystal of the obtaineg-BliB@exagonal as observed by SEM photographs. It
is desirable to heat-treat the reaction product at the temperature around 823 K to remove TEA. The crystal structurethdir@es to
non-porous aluminum phosphate in case of a heat treatment exceeding 973 K. The specific surface areas of the reaction product before anc
after heat treatment at 823 K are 18 and 360yrespectively.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction AIPO4-n, which is one of the aluminum phosphate con-
densates, was synthesized by Wilson and co-workers, in
Aluminum and its alloys are widely used as versatile mate- 198212 The AIPQy-n is a porous material having uniform
rials. Recycling of aluminum products is being promoted and large pore due to its framework structdrand it is
from the viewpoint of resources preservation and the low attempted to utilize the material as a molecular sieve, a cata-
energy cost to purify aluminum. Aluminum dross is one of lystand so on by many research&r&’Various AIPQ;-n type
the industrial wastes which are generated in an aluminum materials are synthesized using SDA such as tri-ethylamine
recycle process. In the melting process of aluminum scraps,and tri-propylamine under hydrothermal conditions. APO
aluminum oxide and aluminum nitride are formed on the sur- 5 has unique framework topology compared with zeolitic
face of melted aluminum by the reaction with oxygen and materials of aluminosilicatéEspecially, AIPQ-5 has alarge
nitrogen in air. The discharged amount of aluminum dross is pore size due to 12-membered rings and strong thermal
about 350,000 tonnes per year in Japan. A part of aluminum stability.
dross is used as deoxidizer for steel making, but the rest is Pseudo-boehmite, aluminum hydroxide and aluminum
treated by landfill. It is difficult to assure the disposal site in isopropoxide are used as an aluminum source to synthesize
Japan, and then the development of new recycling technolo-the AIPQy-5. In this study, we tried to synthesize the AIRO
gies is necessary for aluminum dross. 5 by hydrothermal reaction from reagents and aluminum
dross. Time course of synthesis behavior of the A{»Qvas
observed in various conditions. Physical properties such as
* Corresponding author. Tel.: +81 6 6368 0856; fax: +81 6 6388 8869.  Crystal structure, surface texture, specific surface area and so
E-mail address: shibata@kansai-u.ac.jp (J. Shibata). on were investigated for the reaction products.
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2. Experimental 1400 5
1200 ® Al

Dried powder of aluminum hydroxide or aluminum dross & AN
was used as aluminum source of the AWP® synthe- g 1000 1= ;glﬁ%
sis. These materials were slowly added to phosphoric acid 5 800 N © Fe,0,
solution. The mixture was kept for 1.5h in the agita- g 600 I P
tion condition, and then tri-ethylamine (TEA) was added £ a
into the mixture. The general composition is as follows; 400 = °
Al203:P,05: TEA:H,0=1:1:1:40 (molar ratio). This mix- 200 + o o x 3
turg was stirred for 1.5h Fo make a alumlnophosphate gel, 0 - l] UL‘M W ——
which is the starting material of AIP£5. This gel was trans- 0 10 20 30 40 50 60
ferred to an autoclave, and it was heated at 453—-473 K. After 2 6[CuK o (degree)]
hydrothermal reaction, the reaction products was heated for
3 h at various temperatures to remove TEA. Fig. 1. X-ray diffraction pattern of aluminum dross used in this study.

For the aluminum dross and the reaction products synthe-

sized at 473K for 3 h, the crystal structure was identified by 495, and AlP@(berlinite) as a by-product are observed as
X-ray diffraction equipment (JDX-3530, Nihon Denshi Co. el as other crystalline materials. Crystal system of berli-
Ltd.). The XRD patterns were recorded with Cu kadiation it has the same structure of quartz. The peak of metallic
(40kV, 20mA), 0.040 step size and 0.5s step time. These 4jyminum does not appear in the XRD pattern of reaction
measurements were carried out under the same experimentglqquct, and this resultindicates that metallic aluminum com-

condition for all samples. The surface texture was inves- yonent in aluminum dross is completely used to synthesize
tigated using a scanning electron microscope (JSM-5410, o|pQ,-5.

Nihon Denshi Co. Ltd.). The thermogravimetric change was ~ Tga plays a role of a nucleus to form the ARG

measured at heating rate of 5 K/min by a thermogravimetric gy ctyre, that is, the aluminophosphate condensates with 12-

analyzer (TGA-50, Shimadzu Co. Ltd.). Nitrogen adsorption mempered rings are formed around TEA molecules in the

and desorption properties were measured by an automatiGorm of an organic base under the hydrothermal condition

gas adsorption equipment (ASIMP-LP2, Quanta-chrome gnpjied. Fig. 3 shows the time course of XRD intensities

Instruments). of the reaction product at 473K and pH of mother liquor.
The XRD intensity of AIPQ-5 shows maximum values at a
reaction time of 3 h, and then the peak intensity of AP

3. Results and discussion decreases. On the other hand, the pH is increasing with an
increase in reaction time, but does not change anymore after

The chemical composition of the aluminum drossis shown 3 h. The XRD intensities of quartz and berlinite increase with
in Table 1 These values show weight percent of metal com-

ponents in the solution leached by aqua-regia. The contents

of Al and Mg in the aluminum dross are 89.1 and 3.8%, (a) Al source : AOH),
respectively. Si, Fe, Zn, etc. exist as impurity components -l . gz:gggﬂ Eﬁnngp?;t#re 1453k
in the aluminum dross. The X-ray diffraction pattern of the & '
aluminum dross is shown iRig. L In the aluminum dross, 5 %% o =AIPO, 5
Al, AIN, Al 203, Si0,, F&:03 and so on are confirmed asa £ 44 o =AOH),
crystalline material. E

The X-ray diffraction pattern of the reaction products from 200
reagent and aluminum dross is showirig. 2 The AIP(Q-5 1000
can be obtained from aluminum hydroxide under the reac- (b) Al source : Aluminum dross
tion condition of 453 K and 24 h, although a small amount of 800 |- o Reaction temperature : 473K
aluminum hydroxide is visibly present. On the other hand, 'Z 2 Reaction time : 3
the AIPQy-5 is produced from aluminum dross under the = 5%0F o =AIPO.5
condition of 473 K and 3 h, as shownfig. 2(b). Quartz and g 400 1 . =Si0, '
aluminum oxide, which are originally contained in aluminum £ " ;ﬁ:!g%i(BERLINITE)

200 |- s Aa A
A AD

Table 1
Chemical composition of aluminum dross (wt%) 0 0 10 20 30 40 50 60
Al Mg Si Pb Zn Ca Na K Fe Ti Mn 26 [CuK a(degree)]

89.1 38 02 02 07 13 07 08 25 0.004 0.6

Fig. 2. X-ray diffraction pattern of reaction products from reagent and alu-

Solid-liquid ratio: 5 g/200 cRraqua regia, residue: 45%. minum dross.
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0 | . 0 weight of reaction product becomes constant at about 823 K.
0 10 20 TEA in the pore of AIPQ-5 is decomposed and removed by
Reaction time [h] heating until 823 K. The XRD shows that the AlR® crys-

tal structure is maintained below 823 Kig. 4(a)), while the
Fig. 3. Change _in XRD int(_ensit_ies of reaction product and pH of mother AIPO,-5 structure is disintegrated at 973 Kig. 4(b)). After
liquor as a function of reaction time. heating at 973 K, AIP@5 changes into tridymite which is
one of AIPG; crystals and does not have porous structure.

reaction time. The AIP@5 crystal is unstable at 473K, and From these results, it is desirable to remove TEA at 823 K.
the crystal transition to berlinite occurs in short reaction time. Fig. 5shows the adsorption and desorption isotherms of
Although the result of hydrothermal synthesis at 453 K is not nitrogen at 77 K for the reaction products synthesized from
shown as a figure, the XRD intensity of AIRG increases  aluminum dross. The amount of nitrogen adsorption is very
with reaction time to approach a constant value, but the val- small for the AIPQ-5 product before heat treatment, and
ues are smaller than that at 473 K. The AlP®crystal is the BET specific surface aredggr) is calculated to be
comparatively stable at 453 K compared with that at 473K, about 18 M/g. This is caused by pore filling of AIP5
though the produced amount of AIRG is very small. by TEA. On the other hand, nitrogen adsorption significantly

Photo 1shows the SEM observation of aluminum dross increases for the AIPE5 after heating at 823K, and the
and the reaction product obtained from aluminum dross. Sget shows about 360 ffg. By the heat treatment at 823K,
Large and angular particles partially exist, and the particle TEA can be removed without disintegrating the crystal struc-
size widely distributes. The angular particles are mainlySiO ture of AIPQy-5, and nitrogen molecules are adsorbed in the
from the result of fluorescent X-ray analysis. On the other pore of AIPQ-5. The nitrogen desorption isotherm does not
hand, about 3p.m of the AIPQ-5 hexagonal crystal is rec-  correspond to the adsorption isotherm at low relative pres-
ognized. Many small particles having hexagonal and cubic sure. Nitrogen adsorption decreases for the product heated at
structures aggregate to form particles of aboup.r® The 973 K. This phenomenon is due to the crystal disintegration
cubic structure of particles is caused by berlinite and quartz. as shown irFig. 4(b).

Fig. 4 shows the TGA for the reaction product from alu- Fig. 6shows the pore size distribution of the reaction prod-
minum dross. The heating rate is setto be 5 K/min. The promi- uct calculated by the SF model analysis of nitrogen adsorption
nent weight loss is confirmed from 273 to 823K, and the data. The main pore size of the reaction product is about

(a) Aluminum dross (b) Reaction product

Photo 1. SEM observation of aluminum dross and reaction product.
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Fig. 5. Adsorption and desorption isotherms of nitrogen at 77 K for the
reaction products from aluminum dross.
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Fig. 6. Pore size distribution of reaction products synthesized from alu-
minum dross by SF model.

0.7-1.2nm and the pore size curve shows a sharp peak at

about 0.9nm. The pore size of AIRG observed in this
study is a little bit larger than that of the known pore size
of AIPOg4-5, 0.73 nm.

4. Conclusions

As one of effective usages of aluminum dross, AJPSDf
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materials. Various physical properties such as surface texture,
crystal structure and specific surface area were investigated
for the obtained products.

The AIPQy-5 can be obtained from aluminum dross by
the hydrothermal reaction at 453-473K for 3h. At the
same time, berlinite, which is not a porous material, is
formed as a by-product. TEA can be removed by heating at
823 K. TheSgeT of TEA-removed product is about 36Frg.

In the heat treatment of 973K, the crystal structure is
disintegrated.
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