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(57) Abstract: Provided is a ferric arsenate powder which is produced
from an arsenic-containing solution, and from which arsenic is eluted at
an extremely low concentration. The ferric arsenate powder is a powder
of ferric arsenate dehydrate, has an orthorhombic crystal structure, and
has the following lattice constants at ambient temperature and ambient
pressure: a = 0.8950 to 0.8956 nm, b = 1.0321 to 1.0326 nm, and c=
1.0042 to 1.0050 nm. The ferric arsenate powder is produced by adding a
bivalent iron ion to an arsenic-containing solution so that the molar ratio
of arsenic to iron (Fe/As) in the solution becomes 1 or greater, adding
an oxidizing agent to the mixed solution, heating the mixed solution to
a temperature of 70°C or higher while agitating to cause the reaction,
separating the reaction solution into a solid material and a liquid, and
washing the solid material.
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Description

IRON ARSENATE POWDER

Technical Field

The present 1nventionrelates generallytoaniron

arsenate powder. More specifically, the 1invention
relates to an iron arsenate powder produced from a high
purity and high concentration arsenic containing
solution, such as an arsenic contalining solution
obtained by treating an arsenic contalnling substance
which contains various elements in additlion to arsenic,
such as 1ntermediate products 1n non-ferrous metal

smelting or refining processes.

Background Art

Varlous 1ntermediliate products and raw materials

produced in non-ferrous metal smelting or refining

processes containunfavorableelements, suchasarsenic,

although they contain valuable metals.
As a conventional method for leaching, separating

and recovering arsenic from arsenlic containiling

intermediate products insmeltingorrefiningprocesses

there has been proposed a method for separating arsenic
from an arsenic contalning intermediate product by a
wet reaction to recover an arsenic containing solution
(see, e.qg., Japanese Patent Publication No. ©61-24329).
There 1s also proposed a method for removing and fi1x1ing
arsenic, which exists 1n an 1ron arsenate solution,
as a stable crystalline compound of iron and arsenic,

which does not elute or release metals (see, e.qg.,

Japanese Patent Lai1d-Open No. 11-277075). In addition

there 1s proposed a method for adding at least one of

an 1ron (II) solution and an iron (III) solution to
an arsenic containing solution to allow a reaction to

form Scorodite (FeAsQO4 *+ 2H,0) to carry out a
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solid-liquidseparationtorecover the Scorodite, which

contains non-ferrous metals i1ncluding copper, to add
water to the obtained Scorodite, which contains the
non-ferrous metals 1ncluding copper, to carry out
repulping to dissolve the non-ferrous metals 1ncluding
copper, which are contained 1n the Scorodite, in the
solution to separate the non-ferrous metals 1ncluding
copper from the Scorodite (see, e.g., Japanese Patent
Laid-Open No. 2000-219920). Moreover, there 1s

proposed a method for leaching arsenic from an arsenic

containing flue cinder with an acid solution to mix
the leached arsenic containing solutionwith an agueous
acidic solution containing iron ions to precipitate
amorphous ferric arsenate (FeAsO4) to heat the mixed

solution to crystallize the amorphous ferric arsenate

to filter the mixed solution to remove the crystallized

ferric arsenate (see, e.g., Japanese Patent Laid-Open
No. 2005-161123).

Japanese Patent Publication No. ©1-24329 has
proposed themethod for recoveringanarseniccontalning
solution, but it does not propose a method for fixing
the recovered arsenic contalning solution as a stable
substance which does not elute metals. In addition,
it is desired to form a compound of 1ron and arsenic
which is more stable and 1s more difficult to elute
metals than conventional compounds of 1ron and arsenic
produced by the methods proposed 1in Japanese Patent
Laid-Open Nos. 11-277075, 2000-219920 and 2005-161123.
Particularly, there is a problem in that 1t takes a
lot of time to carry out the method proposed 1n Japanese
Patent Laid-Open No. 2005-161123, since amorphous 1ron
arsenate 1s crystallized after the amorphous 1ron

arsenate 1s precipilitated.

Disclosure of the Inventlion

It isthereforeanobject of the present invention

to eliminate the aforementioned conventional problems
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and to provide an iron arsenate powder which 1s produced

from an arsenic containing solution and which has a

very low concentration of arsenic eluted or released

from the powder.

Inorder toaccomplish the aforementioned object,
the 1nventors have diligently studied and found that
the concentration of arsenic eluted or released from
an iron arsenate powder 1s very low 1f the 1ron arsenate
powder has a crystal structure of rhombilic system and
has lattice constants of a = 0.8950 to 0.8956 nm, b
= 1.0321 to 1.0326 nm and ¢ = 1.0042 to 1.0050 nm at
room temperatures and atmospheric pressure. Thus, the
inventors have made the present invention.

That is, an iron arsenate powder according to the
present invention has a crystal structure of rhombic
system and has lattice constants of a=0.8950 to 0.8956
nm, b = 1.0321 to 1.0326 nm and ¢ = 1.0042 to 1.0050
nm at room toemperatures and atmospheric pressure. The
ironarsenate powder is preferably a powder of dihydrate
of l1ron arsenate.

According tothe present invention, it is possible

to produce an 1ron arsenate powder from an arsenic

containing solution, the concentration of arsenic

eluted or released from the produced 1ron arsenate

powder being very low. In particular, 1t 1s possible
to produce an iron arsenate powder, the concentration
of arsenic eluted or released from the powder being

far lower than 0.3 mg/L which 1s a reference value of

concentration of eluted or released arsenic.

Brief Description of the Drawings

FIG. 1 1s a process drawing which schematically
shows a method for producing the preferred embodiment
of an iron arsenate powder accordling to the present

invention.

Best Mode for Carrying Out the Invention
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The preterred embodiment of an 1ron arsenate
powder according to the present invention has a crystal

structure of rhombic system and has lattice constants
of a = 0.8950 to 0.8956 nm, b = 1.0321 to 1.0326 nm

and ¢ = 1.0042 to 1.0000 nm at room temperatures and

atmospheric pressure. The 1ron arsenate powder 1is

preferably a powder of dihydrate of iron arsenate.

For example, as shown 1n FIG. 1, such an iron
arsenate powder can be produced by a method comprising
the steps o0f: adding ferrous 1ons to an arsenic
contalning solution to cause the molar ratio (Fe/As)
of 1ron to arsenic in the solution to be not lower than

1; adding an ox1idizing agent to the solution; heating

F

the solution to a temperature of not lower than /0 C

while stirring the solution, to allow a reaction; and

then, carrying out a solid-ligquid separation to wash

the obtained solid part.

If the concentration of As 1s low 1n the arsenic

contalinling solution, 1t tends to Dbe difficult ¢to
increase the grain size of the compound of Fe and As

during the growth of the compound after the deposition

of the compound. Therefore, the concentration of As

1s preferably 10 g/L or higher, and more preferably

20 g/L or higher. 1In addition, the pH of the arsenic
containing solution 1s preferably 2 or lower.

As the ferrous 10n source, soluble FeS50,;* 7H-O 1s
preferably used. The molar ratio (Fe/As) of iron to

arsenlic 1n the solution 1s preferably 1 or higher, and

more pretferably 1in the range of from about 1.0 to about
1.5.

As theoxidizingagent, anyoneofoxidizingagents
capable of oxldizing Fe* may be used, and oxygen gas

may be used. Although air may be used, the oxidizing

performance of air 1s slightly lower than that of oxygen

gas. Therefore, 1f air 1s used, the oxidizing
performance may be i1mproved by uslng a catalyst, such

as Cu.
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If the reaction temperature is 50 C or higher,

the compound of Fe and As can be deposited. In order
todecrease the concentrationofelutedAs, thereaction

temperature is preferably 70 C or higher, and more

preferably in the range of from about 80 C to about
95 C.
After the powder thus obtained was analyzed Dby

X-ray diffraction, it was found that the powder was

a powder of dihydrate of ferric arsenate (FeAsQy * 2H,0) .

Examples of an iron arsenate powder according to

the present inventionwill be described below i1indetall.

Example 1

First, an arsenic solution (reagent produced by
Wako Junyaku Kogyo, Co., Ltd.) having an arsenic
concentration (guinguevalent arsenic 10n

concentration) of 500 g/L was diluted with pure water

to prepare an arsenic solution having an arsenic

concentrationof 10g/L. Then, heptahydrate of ferrous

sulfate (FeS04 * 7TH,0) (reagent produced by Wako Junyaku
Kogyo, Co., Ltd.) was dilutedwith pure water to prepare

a ferrous sulfate solution having an iron concentration

(ferrous ion concentration) of 11.18 g/L.

Then, thearsenicsolutionandthe ferrous sulfate

solution thus prepared are mixed to prepare 0.7 L of

a mixed solution having a molar ratio (Fe/As) of 1.5.

The mixed solution thus prepared was placed in a 2L

glass beaker in which a double turbiline disk and four
paffle plates were set.

Then, while the mixed solution was strongly
stirred by rotating the double turbine disk at 800 rpm,
the solution was heated to hold the temperature thereot
at 95 C, and oxygen gas having a purity of 99% was blown
into the solution at a flow rate of 4.0 L/min to allow
the solution to react at atmospheric pressure for three
hours while holding the temperature, stirring

conditions and flow rate of oxygen gas. After the

temperature of a mixed slurry containing precipilitates
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obtainedby the reactionwas loweredto 70 C, filtration
was carried out to recover a solid part.

Then, pure water was added to the recovered solid
part (wet cake) to cause the pulp density to be 100
g/L, and then, repulping washing was carried out for
one hour while stirring the solution by rotating the

double turbine disk at 500 rpm using the four baffle

plates. Then, filtration was carried out at 30 C to
recover a solid part, and then, the recovered solid

part was dried at 60 C for 18 hours to obtain a powder.

The powder X-ray diffraction, moisture
percentage content, mean partlicle size and specific
surface area of the powder thus obtained were measured.
As a result, the obtained powder had a crystal of
Scorodite type 1ron arsenate having a crystal structure
of rhombic system, and the moisture percentage content

was 12%. The mean particle size was 20.41 um, and the
specific surface area was 0.25 m‘/g (BET one-point

method) .

Furthermore, a laser diffraction type particle size
distribution measuring apparatus (LA-500* produced Dby
Horiba Seisakusho, Co., Ltd.) was used for measuring a
particle size distribution to obtain a median dlameter as
the mean particle size,.

Inthemeasurement of thepowder X-raydiffraction,
a filling X-ray vessel using a copper target was used

as a radiation source, and a divergent beam integrated

* trademark
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optical system diffractometer was used. 1In addition,
diffraction X-rays from a sample were changed toO
monochromatic rays by means o0f a graphite counter
monochromator, and CuK characteristic 1lines were
counted. Moreover, inthe determinationof the lattice
constantsof theobtainedpowder (ironarsenate powder),
the total diffraction pattern resolution fitting (R.
W. Cheary and A. Coelho "A Fundamental Parameters

Approachto X-ray Line-Profile Fitting’, J. Appl. Cryst.
25, ppl09-121 (1992)) was carried out by the Pawley

- r——— i ————— e e e -

e ———— ===y . ._—;-__-*_m_‘*_ﬂ— __——_—H_____—“_‘__
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method (G. S. Pawley “Unit-Cell Refinement From Powder
Diffraction Scans”, J. Appl. Cryst. 14, pp357-361

(1981)) inviewof the device constants with the profile

function fitting of diffraction peaks based on a basic
parameter method. Furthermore, the crystal structure
of iron arsenate 1s a rhombic system which is indicated

by lattice constants a, b and ¢ (unit: nm). The

precision of the measured lattice constants a, b and

c 1s £0.0001 nm which is a sufficient precision for

evaluating the lattice constants of 1ron arsenate.

The concentrationof arsenic, whichiseluted from
the obtained 1iron arsenate powder, 1n an agueous

solution 1is an important factor for evaluating the

stability of the iron arsenate powder. On the basis

of Bulletin No. 13 of the Ministry of the Environment

P
p—

of Japan, the concentration o0of eluted arsenic was

evaluatedby the elutedmetal content test for analyzing
the concentration of arsenic 1n a solution obtained

by filtering using a filter having a pore size of 0.45

umafter mixing the obtained 1ron arsenate powder with

water of pH6 1n a mass ratio of 1:10 and shaking the
mixture for six hours by a shaker. 1In this evaluation
of the concentrationof elutedarsenic, 1t was evaluated

#

that the concentration was low 1f 1t was not higher

than 0.3 mg/L and that the concentration was high if
it was higher than 0.3 mg/L.

As a result, as shown 1n Table 1, 1n this example,

P

the lattice constants of the crystal structure of the

obtained iron arsenate powder were a = 0.8951 nm, b
= 1.0322 nm and ¢ = 1.0043 nm, and the concentration

of arsenic eluted from the 1ron arsenate powder was

low.
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Table 1
Concentration

Lattice Lattice Lattice of Eluted

Constant Constant cCconstant Arsenic

a (nm) b (nm) c {(nm) (mg,/ L)
EX. 1 0.8951 1.0322 1.0043 0.01
Ex. 2 0.895072 1.0321 1.0047 0.02
Ex. 3 0.89572 1.0327 1.0047 0.02
Ex. 4 0.8953 1.0323 1.0048 0.02
Ex. 5 0.8954 1.0325 1.0048 0.01
ExX. © 0.8955 1.0324 1.0049 0.01
Comp. 1 0.8943 1.0276 1.00061 0.48
Comp. 2 0.8941 1.0280 1.0059 2 .40

Examples 2-4

Powders were obtained by the same method as that

in Example 1, except that a mixed solution obtained

by mixing an arsenic solution having an arsenic

concentration of 20 g/L with a ferrous sulfate solution
having an iron concentration of 22.36 g/L was used 1n

Example 2, that a mixed solution obtained by mixing

an arsenic solutlion having an arsenic concentration

of 30 g/L with a ferrous sulfate solution having an

A

iron concentration of 33.55 g/L was used in Example

3, andthat amixedsolutionobtainedbymlixXxinganarsenic

solution having an arsenic concentrationof 50 g/L with
a ferrous sulfate solution having an iron concentration

Then, the lattice
thus

of 55.91 g/L was used in Example 4.

constants and characteristics

of the powders

obtained were examined by the same method as that in

Example 1.

As a result, as shown 1n Table 1, the lattice
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constants of the crystal structure of the obtained
powder (iron arsenate powder) were a = 0.8952 nm, b
= 1.0321 nm and ¢ = 1.0047 nm in Example 2; a = 0.8952
nm, b = 1.0322 nm and ¢ = 1.0047 nm in Example 3; and
a =0.8953nm, b=1.0323nmandc =1.0048 nm in Example
4. Inallof Examples 2-4, the concentrationof arsenic

eluted from the i1ron arsenate powder was low.

Example 5

A powder obtained by the same method as that in

Example 1, except that the reactiontime was seven hours.

Then, the lattice constants and characteristics of the

powder thus obtained were examined by the same method

as that in Example 1.

As a result, as shown in Table 1, the lattice

constants of the crystal structure of the obtained

powder (iron arsenate powder) were a = 0.8954 nm, b

= 1.0325 nm and ¢ = 1.0048 nm, and the concentration

©0f arsenic eluted from the iron arsenate powder was
low.

Example 6

A powder obtained by the same method as that in

Example 1, except that 4L of the same mixed sclution

as that 1n Example 1 was prepared to be placed in a
5L glass beaker. Then, the lattice constants and

characteristics of the powder thus obtained were

examlined by the same method as that in Example 1.

As a result, as shown in Table 1, the lattice

-y

constants of the crystal structure of the obtained
0.8955 nm, b

= 1.0324 nm and ¢ = 1.0049 nm, and the concentration

powder (lron arsenate powder) were a

of arsenic eluted from the iron arsenate powder was

low.

Comparative Example 1

A powder obtained by the same method as that in

Example 1, except that apolyvalent iron solutionhaving

an 1iron concentration (ferric i1on concentration) of

03.77 g/L was used in place of the ferrous sulfate



10

15

20

20

30

390

CA 02696325 2010-02-11

10

solution 1n Example 1, that a closed vessel was used

1n place of the glass beaker, that oxygen gas was blown

into the solution so that the partial pressure of 0O,

was 0.3 MPa, and that an autoclave was used for allowing

the reactionat 175 C for five hours. Then, the lattice

constants and characteristics of the powder thus
obtained were examlined by the same method as that in
Example 1.

As a result, as shown in Table 1, the lattice

r

constants of the crystal structure of the obtained

powder (iron arsenate powder) were a = 0.8943 nm, Db

= 1.0276 nm and ¢ = 1.0061 nm, and the concentration

-

of arsenic eluted from the 1ron arsenate powder was

high.

Comparative Example 2

A powder obtained by the same method as that 1in

Example 1, except that an arsenic solution having an

arsenic concentration (trivalent arsenic 10on

concentration) of 47.97 g/L was used 1n place of the

arsenic solution in Example 1, that a polyvalent 1ron

solution having an 1iron concentration (ferric 10n

concentration) of 53.77 g/L was used in place of the

ferrous sulfate solution 1n Example 1, that a closed
vessel was used inplace of theglass beaker, that oxygen

gas was blown 1into the solution so that the partial

pressure of 0; was 0.3 MPa, and that an autoclave was

used for allowing the reaction at 175 C for five hours.

Then, the lattice constants and characteristics of the
powder thus obtained were examined by the same method

as that 1n Example 1.

As a result, as shown 1n Table 1, the lattice
constants of the crystal structure of the obtained
powder (iron arsenate powder) were a = 0.894]1 nm, Db

= 1.0280 nm and ¢ = 1.0059 nm, and the concentration

of arsenlc eluted from the 1ron arsenate powder was
high.

As can be seen from the results in these examples
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and comparative examples, 1t 1s found that, 1f an i1ron

arsenate powder has a crystal structure of rhombic

system and has lattice constants of a=0.8950t0 0.8956
nm, b = 1.0321 to 1.0326 nm and ¢ = 1.0042 to 1.0050

nm at room temperatures and atmospherlc pressure as

Examples 1-5, the 1ron arsenate powder 1s suiltable for

stablestoragesincetheconcentrationofarseniceluted

from the powder is low, whereas if the lattice constants

ot an 1Lron arsenate powder are pbeyond the

above-described ranges as Comparative Examples 1-2,

the i1ron arsenate powder 1s not sultable for stable

storage since the concentration of arsenic eluted from

the powder 1s high.
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Claims

1. An 1ron arsenate powder which has a crystal
structure of rhombic system and which has lattice

constants of a = 0.8950 to 0.8956 nm, b = 1.0321 to
1.03206nmandc=1.0042t01.0050 nmat roomtemperatures

and atmospheric pressure.

2 . An 1ron arsenate powder as set forth in claim 1,

wherelin sald 1ron arsenate powder 1s a powder of

dihydrate of 1ron arsenate.
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