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WO 2003104149 Al ik Example 1 (Recovery of rare earth oxides from abrasive waste liquid)
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EP2757179 Al iik

(Example 1)

A commercially available titanium plate (5 cm in length, 1 cm in width, 1 mm in
thickness) was immersed and etched in a 10% oxalic acid solution at 90° C for 60
minutes and then washed anddried. Next,
preparedwasacoatingsolutionwhichwasobtained by adding ruthenium trichloride
trihydrate (RuC13 « 3H20) and tantalum pentachloride (TaCl5) to a butanol (n—C4H90H)
solution containing 6 vol% concentrated hydrochloric acid so that the mole ratio
of ruthenium to tantalum is 90:10 and the total of ruthenium and tantalum is 50 g/L
in terms of metal. This coating solution was applied to the titanium plate dried
as mentioned above, dried at 120° C for 10 minutes, and then thermally decomposed
for 20 minutes in an electric furnace that was held at 260° C. This series of
application, drying, and thermal decomposition was repeated five times in total in
order to prepare a chlorine evolution anode of Example 1, the anode having a catalytic
layer formed on the titanium plate that was a conductive substrate.

An X-ray diffraction analysis of the structure of the chlorine evolution anode of
Example 1 showed that a diffraction peak equivalent to Ru02 was not observed in an
X-ray diffraction image and a diffraction peak equivalent to Ta205was not observed.
It is noted that some diffraction peaks of Ti were observed but these were caused
by the titaniumplate. That is, the chlorine evolution anode of Example 1 had a
catalytic layer composed of amorphous rutheniumoxide and amorphous tantalum oxide
formed on the titanium plate.

(Comparative Example 1)

Prepared was a chlorine evolution anode of Comparative Example 1 in the same manner
as that of Example 1, except that the catalytic layer was formed at a thermal
decomposition temperature of 500° C in place of atemperature of 260° C. An X-ray
diffraction analysis of the structure of the chlorine evolution anode of
ComparativeExample 1 showed that some diffraction peaks equivalent to Ru02 were
observed in an X-ray diffraction image but adiffraction peak equivalent to Ta205
was not observed. It is noted that some diffraction peaks of Ti were observed but
these were caused by the titanium plate. That is, the chlorine evolution anode of
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Comparative Example 1 had acatalytic layer composed of crystalline ruthenium oxide
and amorphous tantalum oxide formed thereon.

NiCl2 of 0.85 mol/L was dissolved in distilled water and hydrochloric acid was then
added thereto to prepare a nickel electrowinning solution adjusted to have pH of
1. 0. The prepared nickel electrowinning solution was placed into a200 mL beaker and
a nickel plate (2 cm x 2 cm) was immersed thereinto as a cathode. Furthermore, the
chlorine evolution anode of Example 1 or Comparative Example 1 above was mounted
in a polytetrafluoroethylene holder, and then, with the electrode area in contact
with the nickel electrowinning solution restricted to 1 cm2, was disposed in the
same nickel electrowinning solution so as to be opposed to the aforementioned cathode
with apredetermined inter—electrode distance. An electrolytic current with current
density of 25 mA/cm2 based on an electrode area of the chlorine evolution anode was
allowed to flow between the chlorine evolution anode and the cathode, thereby
measuring a voltage across terminals (electrolytic voltage) between the chlorine
evolution anode and the cathode, while nickel was subj ect to electrowinning. It
is noted that the nickel electrowinning solutionwas subject to electrowinning at
60° C, while being agitated with an agitator at 600 rpm.

WO 2003104149 Al ik

Example 1 (Recovery of rare earth oxides from abrasive waste liquid)

Rare earth oxides were recovered by the following procedures from an abrasive waste liquid having a solid
composition shown in Table 1, which liquid was produced when a glass disc was polished.

To 1 liter of the abrasive waste liquid, 38 g of an aqueous aluminum sulfate solution having a concentration of 20% by
mass and 0.2 g of a polymeric flocculant

(Kurifloc TM; available from Kurita Water Industries Ltd.) were added and mixed to aggregate and precipitate solid
contents. The precipitate was separated and recovered.

Then, 100 g of the recovered solid was placed in a beaker containing 262 g of concentrated sulfuric acid having a
concentration of 95% by mass, and the mixture was stirred for 5 minutes . The beaker was heated to 100°C and the
organic materials were decomposed by the dehydrating action of hot sulfuric acid to give a black liquid. Thereto, 20 g
of aqueous hydrogen peroxide was added dropwise whereby free carbons were removed as carbon dioxide gas . By
such a treatment, the organic materials contained in the abrasive waste liquid containing rare earth elements were
removed.

The beaker was again heated at 300°C to produce rare earth sulfate as a yellow solid. This rare earth sulfate was
dissolved in cold water at 5°C to obtain a brown transparent acidic aqueous sulfate solution. This acidic aqueous
sulfate solution containing rare earth sulfate was filtered to remove undissolved matter such as glass debris. By this
treatment, carbide and the like were also removed as undissolved matter.

Subsequently, 413 g of an aqueous Na2S04 solution having a concentration of 10% by mass was added to the filtrate
and stirred to produce a double salt. This double salt was recovered by filtration and formed into a slurry by adding
1,500 g of pure water. Thereafter, 851 g of an aqueous sodium hydroxide solution having a concentration of 20% by
mass was added, and the mixture was stirred to obtain a basic rare earth hydroxide slurry. This rare earth hydroxide
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slurry was filtered, and about 110 g of rare earth hydroxide was recovered as a solid. At this treatment, the pH value
was 11.7.

The recovered solid and 1,500 g of pure water were mixed together to form a slurry, the slurry was heated to

95°C. 182 g of aqueous hydrochloric acid having a concentration of 35% by mass was added to the slurry to dissolve
the solid, thereby obtaining an aqueous rare earth chloride solution. The aqueous rare earth chloride solution was
obtained as a yellow or green transparent solution. This aqueous rare earth chloride solution was filtered to remove
undissolved matter. To the resulting aqueous rare earth chloride solution, 1,653 g of an aqueous ammonium
hydrogencarbonate solution having a concentration of 10% by mass was added and stirred to obtain a rare earth
carbonate as a white precipitate. This precipitate was filtered and washed. The obtained solid was placed in a
porcelain container and baked at 1,000°C for 1 hour in the air atmosphere to obtain 93 g of rare earth oxides. L

The composition of the recovered material obtained as rare earth oxide is shown in Table 1.
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DA 7 —#50). 25 2/ (EP2703346A1) WI'F (pdf SCHHHANREEIZIAE, LA FESC, ArREA D VRERIR):
an object of thepresent invention is to provide a method of manufacturing water resistant aluminum nitride powder having
good water resistance in which the thickness of a treatment agent layer which confers such water resistance is reduced.
The water resistant aluminum nitride powder manufactured according to the method of the present invention shall have a
treatment agent layer with a reduced thickness,and show excellent thermal conductivity maintained at a high level
comparablyto that of the original aluminum nitride powder. In a case where a thermal conductive composite material is
filled with the water resistant aluminum nitride powder manufactured according to the method of the present
invention,high thermal conductivity shall be conferred on the thermal conductive composite material.

After conducting extensive studies to achieve the above object, the present inventors find thata thin phosphoric acid
compound layer can be formed on the surface by dispersing aluminum nitride powder or aluminum nitride powder in
which analuminum oxide layer is formed on the surface (hereinafter may be collectivelycalled simply "aluminum nitride
powder™) in a solvent to achieve aparticular dispersion state, and allowing contact with a particular phosphoricacid
compound in the liquid. The presence of this layer successfully gives thealuminum nitridepowder both excellent water
resistance and high thermal conductivity. Then the present inventors complete the present invention.

That is, thepresent invention includes a method of manufacturing water resistant aluminiumnitride powder, the method
comprising:

-in a solvent,

- performing phosphoric acid compound treatment in which atleast one phosphoric acid compound selected from the
group consisting ofphosphoric acid, metal salts of phosphoric acid and organic phosphoric acidhaving an organic group
with 12 or less carbon atoms is contacted with aluminum nitride powder dispersed in the solvent so that the ratio of
median diameter/primary particle diameter is 1.4 to 5,

-thereby the phosphoric acid compound is present on thesurface of the aluminum nitride powder in an amount of 0.5 to
10 mg/m2 in the orthophosphoric acid ion equivalence.

The water resistant aluminum nitride powder obtained according to the method of thepresent invention can be suitably
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used as a thermal conductive composite material by mixing this with resin.

Water resistant aluminum nitride powder is obtained according to the method ofthe present invention as described above.
The water resistant aluminum nitride powder obtained according to the method of the present invention has a phosphoric
acid compound on the surface in an amount of 0.5 to 10 mg/m2 in the orthophosphoric acid ion equivalence. The
phosphoricacid compound is presumed to be chemically and/or physically attached on thesurface of the aluminum nitride
powder preferably through an aluminum oxidelayer.

The waterresistant aluminum nitride powder obtained according to the method of thepresent invention has good water
resistance as well as excellent thermal conductivity maintained at a high level comparable to that of the origin alaluminum
nitride powder. Therefore, the water resistant aluminum nitride powdercan be suitably used as a filler for a thermal
conductive composite material.

As described above, the water resistant aluminum nitride powder obtained according to the methodof the present
invention has excellent affinity with resin. Therefore, whenmixed with resin, an increased filler content can be achieved.
The water resistant aluminum nitride powderobtained according to the method of thepresent invention can be mixed in an
amount of 60 to 85 parts by mass relativeto 100 parts by mass of resin. Further high filler content of 75 to 85 parts bymass
is possible.
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