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Method and apparatus for sorbent production, primarily for removing arsenic

from drinking water

The invention relates to a method for sorbent production, primarily for

removing arsenic from drinking water.

The availability of drinking water resources has become a significant issue in

recent years. This is due to the exponential growth of global population and the

shrinking of potable water supply caused on the on hand by increasing industrial and

agricultural water use and on the other hand by the contamination of drinking water

reserves. Decontamination of existing drinking water resources is therefore

necessary for providing healthy water to a growing number of communities.

Of all contaminants present in drinking water, arsenic is among those that are

the most dangerous to human health. Although the arsenic content of natural water

reserves may increase due to natural processes, industrial and agricultural activities

are a major factor behind rising arsenic levels. When ingested by humans, arsenic

may cause severe poisoning even in low concentration, and may also induce a

number of diseases such as skin cancer. The allowed level of arsenic in drinking

water is thus decreasing year by year. Compared to the earlier values of 50 µ/ l and

30 µ/ l the present European Union guidelines (Directive 98/83/EC 1998) and United

States EPA directives (US EPA 2002b) draw the line at 10 µ/ l for arsenic

concentration allowed in drinking water. Because many drinking water sources do not

satisfy these requirements, arsenic removal methods are becoming more and more

important.

Arsenic appears in drinking water in three forms: as As (III) =arsenite, As (V) =

arsenate, and as bonded to different organic compounds. As (V) occurs more

frequently in near-surface water, while As (III) is mainly found in subsurface water

reserves. Inorganic arsenic compounds are generally more toxic than organic

variants, arsenite is more toxic than arsenate, and As (III) is much more difficult to

remove from water than As (V).

A number of methods have been proposed for removing arsenic from water.

One of these methods is reverse osmosis, discussed for instance in the patent US



6,491 ,822. According to the method, high pressure water is passed through a

membrane. On one side of the membrane the salt content of the water increases,

while on the other side water becomes free from salts and ions. This method is

suitable for removing all contaminants from water but has the disadvantage of being

costly. Also, salts should be reintroduced in the treated water after decontamination.

Another known method applies filtering technology. According to this method

arsenic is precipitated applying filter aid (ferric and aluminium salts) and then

precipitates are filtered out from the water. The disadvantages of the method are that

precipitation criteria are extremely strict and should always be kept to, otherwise the

desired decontamination effectiveness cannot be achieved, and that the method is

not capable of removing organic arsenic compounds.

A cheap and effective class of arsenic removal methods is sorption methods.

The common essential feature of these methods is that substances to be removed,

such as arsenic, are selectively bonded to high-surface substances (sorbents).

Commonly applied sorbents may be divided into two groups: sorbents containing iron

oxide-hydroxide, and activated aluminium. United States Patent No. 6,200,482

describes sorbents containing ferric hydroxide.

Nano-size sorbents containing ferric hydroxide are capable of bonding arsenic.

These sorbents are produced by adding ferric hydroxide to a high-surface support

material, such as activated carbon. Activated carbon is first saturated with ferric salts,

then ferric hydroxide is chemically precipitated at the activated carbon surface, and

then ferric hydroxide is crystallized into a suitable crystal form by heating. The

method has the disadvantage that iron oxide-hydroxide particles located at the

surface of the support material can be washed off easily, carrying arsenic with

themselves.

The objective of our invention is to provide an iron containing sorbent in which

the iron oxide-hydroxide particles carrying the arsenic contaminants cannot be

separated from the activated carbon support material and therefore cannot

recontaminate water. Thereby the arsenic content of water may be decreased in a

much more efficient way than with the application of conventional methods. A further

objective of the invention is that the sorbent may be produced in a cheap and

economical way. A still further objective of the invention is to provide that the sorbent

can also bond organic arsenic compounds in addition to inorganic arsenic

contaminants.



The invention is based on the recognition that in case activated carbon and

the high surface-activity nano-size ferric oxide (magnetite, Fe3O4) contained by it are

produced at the same time, a high-surface sorbent may be produced, from which the

bonded arsenic contaminant cannot be washed off.

The object of the invention is therefore a method for sorbent production,

primarily for removing arsenic from drinking water, comprising the steps of

- saturating a moisture-absorbent, wettable organic support material with the

aqueous solution of a water-soluble ferric salt, then filtering it and drying it to constant

weight,

- saturating the support material with a stoichiometric quantity (computed relative to

the iron content of the support material) of oxalic acid and/or water-soluble salt of

oxalic acid, then filtering it and drying it to constant weight, while converting the iron

ions to insoluble ferric oxalate,

- converting the saturated support material to activated carbon by anaerobic heating,

then subjecting said saturated support material to anaerobic cooling, while the ferric

oxalate is decomposed into iron and carbon dioxide,

- preoxidizing iron particles of the activated carbon by a water-soluble peroxide

compound, filtering the activated carbon, and rinsing it to completely remove salt

therefrom, then filtering it again and drying it,

- converting the iron hydroxide formed on the surface of the iron particles into

magnetite by anaerobic heating of the activated carbon, and subsequently cooling in

an anaerobic manner the thus produced sorbent to room temperature.

Organic substances suitable for carbonizing should be applied as support

material. According to a preferred step of carrying out the method wheat bran is

utilized as support material. Wheat bran is readily available and easy to process, as

well as being cheap to obtain in great quantities.

According to a further preferred step of the inventive method Mohr's salt is

applied as water-soluble ferric salt. Alternatively, other water-soluble Fe(II) salts,

such as Fe(II) sulphate, or Fe(II) chloride may also be applied.

The concentration of the ferric salt solution should be between 50-400 g/l,

preferably between 250-350 g/l. According to a further preferred step of the method,

drying to constant weight is carried out at a temperature in the range of 40-100 0C,

preferably at 70-90 0C.

In a still further preferred step of the method sodium oxalate, potassium



oxalate, or ammonium oxalate is applied as water soluble salt of oxalic acid. The

concentration of oxalic acid is set to 25-300 g/l, preferably to 80-120 g/l.

According to a still further preferred step carbonizing is carried out in a furnace

having a temperature of 350-800 0C, preferably 400-500 0C. The terminal

temperature of the furnace is achieved by raising the temperature at a rate of 0.1-0.6
0C /s, said terminal temperature being sustained for at least one hour.

According to a further preferred step hydrogen peroxide is applied as water-

soluble peroxide compound. The water-soluble peroxide compound may be sodium

peroxysulphate or ammonium peroxysulphate. According to a preferred step of

performing the inventive method the concentration of the peroxide compound is 5-

50%, preferably 7-15%. The conversion of iron hydroxide to magnetite is carried out

in an anaerobic manner in 1-6 hours, preferably in 2-4 hours, in a furnace having a

temperature of 200-900 0C, preferably 400-800 0C.

A further object of the invention is an apparatus for sorbent production,

primarily for removing arsenic from drinking water. The apparatus comprises a first

saturation unit, a second saturation unit, a carbonization unit, a preoxidation unit, and

a conversion unit, said units being interconnected for the transfer of materials

therebetween, where

- the first saturation unit has a first autoclave comprising a first support material inlet

and a first solution inlet, with the first autoclave being connected to a first dryer via a

first filter,

- the second saturation unit has a second autoclave comprising a second support

material inlet and a second solution inlet, with the second autoclave being connected

to a second dryer via a second filter,

- the carbonization unit has a first furnace comprising a third support material inlet,

- the preoxidation unit has a third autoclave comprising a first activated carbon inlet

and a third solution inlet, with the third autoclave being connected to a rinser via a

third filter, and the rinser being connected to a third dryer via a fourth filter,

- the conversion unit has a second furnace comprising a second activated carbon

inlet, with a sorbent outlet being connected to the second furnace, and where

- the first dryer of the first saturation unit is connected to the second autoclave of the

second saturation unit through a second support material inlet,

- the second dryer of the second saturation unit is connected to the first furnace of

the carbonization unit through a third support material inlet,



- the first furnace of the carbonization unit is connected to the third autoclave of the

preoxidation unit through a first activated carbon inlet and

- the third dryer of the preoxidation unit is connected to the second furnace of the

conversion unit through a second activated carbon inlet.

According to a preferred embodiment of the inventive apparatus a support

material container is connected to the first autoclave through the first support material

inlet, with a first solution tank being connected to the first autoclave through said first

solution inlet. A ferric salt container is connected to the first solution tank. According

to a further preferred embodiment of the invention the ferric salt solution separated

by the first filter is recycled into the first solution tank.

An oxalic acid tank is connected to the second solution tank. The oxalic acid

solution separated by the second filter is recycled into the second solution tank.

The invention will be described in detail with reference to the accompanying

drawing, where Fig. 1 shows the schematic diagram of the apparatus.

In the first saturation unit 1 the support material container 9 is connected to the

first autoclave 6 through a first support material inlet 7. Like all other components of

the apparatus, the first autoclave 6 is a commercially available conventional device.

The first autoclave 6 is connected also to a first solution tank 10 through a first

solution inlet 8 . The ferric salt container 11 adapted for storing the water-soluble

Fe(II) salt is connected to the first solution tank 10. The saturated support material is

fed from the first autoclave 6 to the first filter 12 and therefrom to the first dryer 13.

The filtered Fe(II) salt solution is recycled from the first filter 12 to the first solution

tank 10.

In the second saturation unit 2 the support material saturated with the ferric

salt solution is fed to the second autoclave 14 through a second support material inlet

15. The second support material inlet 15 is connected to the first dryer 13. The

second autoclave 14 is connected to the second solution tank 17 through the second

solution inlet 16. The oxalic acid tank 20 is connected to the second solution tank 17

adapted for containing oxalic acid solution. The saturated support material is fed from

the second autoclave 14 to the second filter 18 and therefrom to the second dryer 19.

The filtered oxalic acid solution is recycled from the second filter 18 to the second

solution tank 17.

The first furnace 22 of the carbonization unit 3 is connected to the second

dryer 19 through a third support material inlet 2 1, while said first furnace 22 is



connected to the third autoclave 23 of the preoxidation unit 4 through a first activated

carbon inlet 24.

The third autoclave 23 of the preoxidation unit 4 is connected to the third

solution tank 26 through a third solution inlet 25. The third solution tank 26 is adapted

for containing the water-soluble peroxide compound. The activated carbon is fed

from the third autoclave 23 to a third filter 27 and therefrom to a rinser 28. The rinser

28 is connected to a fourth filter 29 that is connected to a third dryer 30.

The second furnace 32 of the conversion unit 5 is connected to the third dryer

30 through a second activated carbon inlet 3 1. The completed sorbent is fed out from

the second furnace 32 through a sorbent outlet 33.

Example

In accordance with the above described features of the invention the support

material utilized for sorbent production was wheat bran that was stored in the support

material container 9 . 100 kg of wheat bran was fed to the first autoclave 6 from the

support material container 9 . From the first solution tank 10 150 liters of Mohr's salt

(Fe(II) ammonium sulphate) solution was introduced into the first autoclave 6 . The

concentration of the Mohr's salt solution was 300 g/l. The temperature of the first

autoclave 6 was set to 80 0C, and the support material was stirred and soaked until

constant weight was achieved. Wheat bran saturated with Mohr's salt was then

filtered utilizing the first filter 12. The Mohr's salt solution filtered by the first filter 12

was recycled into the first solution tank 10 where the concentration of the solution

was reset to the initial value with the application of solid Mohr's salt contained in the

ferric salt container 11. Wheat bran saturated with Mohr's salt was then fed from the

first filter 12 to the first dryer 13, where it was subjected to drying to constant weight

at a temperature of 80 0C.

After drying wheat bran saturated with Mohr's salt was introduced into the

second autoclave 14 through the second support material inlet 15. In the second

autoclave 14 the wheat bran was soaked in oxalic acid of a stoichiometric quantity

(computed relative to the iron content of the wheat bran) fed therein from the second

solution tank 17, where the oxalic acid had a concentration of 100 g/l. Soaking was

continued with continuous stirring at room temperature until constant weight was

achieved. The wheat bran saturated with Mohr's salt and oxalic acid was then fed to

and filtered by the second filter 18. The oxalic acid solution filtered by the second



filter 18 was recycled into the second solution tank 17 where the concentration of the

solution was reset to its initial value with the application of oxalic acid introduced

therein from the oxalic acid tank 20. The filtered wheat bran, saturated with Mohr's

salt and oxalic acid, was then dried to constant weight in the second dryer 19.

After drying, the wheat bran, saturated with Mohr's salt and oxalic acid, was

introduced through the third support material inlet 2 1 into the first furnace 22, where it

was heated to 450 0C in an anaerobic manner. The heating rate was chosen to be

0,3 °C/s. After reaching its maximum value, the temperature of the furnace was kept

constant for an hour.

The wheat bran (saturated with Mohr's salt and oxalic acid) thus converted to

activated carbon was then subjected to anaerobic cooling to room temperature, and

was fed through the first activated carbon inlet 24 into the third autoclave 23. 150 I of

hydrogen peroxide solution (having a concentration of 10%) was then slowly

introduced through the third solution inlet 25 into the third autoclave 23, while

continuously applying stirring and cooling such that the temperature of the stock did

not exceed 30-35 0C. Stirring was carried on for an additional 1.5 hours after the

hydrogen peroxide solution has been added. Reaction completion was indicated by

the finishing of gas generation. The wheat bran treated in the above specified

manner was filtered by the third filter 27 and was rinsed utilizing ion-free water to

completely remove salt therefrom. The substance was then filtered applying the

fourth filter 29 and dried utilizing the third dryer 30.

Subsequently, the substance was introduced through the second activated

carbon inlet 3 1 into the second furnace 32, where the activated carbon treated in the

above specified way was kept at a temperature of 600 °C for 3 hours in an anaerobic

manner and was then cooled.

The sorbent thus cooled to room temperature was then fed out of the

apparatus through sorbent outlet 33.



List of reference numerals

1 first saturation unit 20 18 second filter

2 second saturation unit 19 second dryer

3 carbonization unit 20 oxalic acid tank

4 preoxidation unit 2 1 third support material inlet

5 conversion unit 22 first furnace

6 first autoclave 25 23 third autoclave

7 first support material inlet 24 first activated carbon inlet

8 first solution inlet 25 third solution inlet

9 support material container 26 third solution tank

10 first solution tank 27 third filter

11 ferric salt container 30 28 rinser

12 first filter 29 fourth filter

13 first dryer 30 third dryer

14 second autoclave 3 1 second activated carbon inlet

15 second support material inlet 32 second furnace

16 second solution inlet 35 33 sorbent outlet

17 second solution tank



Claims

1. Method for sorbent production, primarily for removing arsenic from drinking water,

comprising the steps of

- saturating a moisture-absorbent, wettable organic support material with the

aqueous solution of a water-soluble ferric salt, then filtering it and drying it to constant

weight,

- saturating the support material with a stoichiometric quantity (computed relative to

the iron content of the support material) of oxalic acid and/or water-soluble salt of

oxalic acid, then filtering it and drying it to constant weight, while converting the iron

ions to insoluble ferric oxalate,

- converting the saturated support material to activated carbon by anaerobic heating,

then subjecting said saturated support material to anaerobic cooling, while the ferric

oxalate is decomposed into iron and carbon dioxide,

- preoxidizing iron particles of the activated carbon by a water-soluble peroxide

compound, filtering the activated carbon, and rinsing it to completely remove salt

therefrom, then filtering it again and drying it,

- converting the iron hydroxide formed on the surface of the iron particles into

magnetite by anaerobic heating of the activated carbon, and subsequently cooling in

an anaerobic manner the thus produced sorbent to room temperature.

2 . The method according to Claim 1, characterised by that wheat bran is applied as

organic support material.

3 . The method according to one of the previous Claims, characterised by that Mohr's

salt is applied as water-soluble ferric salt.

4 . The method according Claim 1 or 2 , characterised by that a Fe(II) salt, for instance

Fe(II) sulphate or Fe(II) chloride is applied as water soluble ferric salt.

5. The method according one of the previous Claims, characterised by that the

concentration of the ferric salt solution is between 50-400 g/l, preferably 250-350 g/l.



6 . The method according to one of the previous Claims, characterised by that drying

to constant weight is carried out at a temperature in the range of 40-100 0C,

preferably at 70-90 C.

7 . The method according to one of the previous Claims, characterised by that sodium

oxalate, potassium oxalate, or ammonium oxalate is applied as water soluble salt of

oxalic acid.

8 . The method according to one of the previous Claims, characterised by that the

concentration of oxalic acid is 25-300 g/l, preferably 80-120 g/l.

9 . The method according to one of the previous Claims, characterised by that

carbonizing is carried out in a furnace having a temperature of 350-800 0C,

preferably 400-500 0C.

10. The method according to Claim 9, characterised by that the terminal temperature

of the furnace is achieved by raising the temperature at a rate of 0.1-0.6 0C /s, said

terminal temperature being sustained for at least one hour.

11. The method according to one of the previous Claims, characterised by that the

water-soluble peroxide compound is hydrogen peroxide.

12. The method according to one of the previous Claims, characterised by that the

water-soluble peroxide compound is sodium peroxysulphate or ammonium

peroxysulphate.

13. The method according to one of the previous Claims, characterised by that the

concentration of the peroxide compound is 5-50%, preferably 7-15%.

14. The method according to one of the previous Claims, characterised by that the

conversion of iron hydroxide to magnetite is carried out in an anaerobic manner in

1-6 hours, preferably in 2-4 hours, in a furnace having a temperature of 200-900 0C,

preferably 400-800 0C.



15. Apparatus for sorbent production, primarily for removing arsenic from drinking

water, comprising a first saturation unit (1), a second saturation unit (2), a

carbonization unit (3), a preoxidation unit (4), and a conversion unit (5), said units

being interconnected for the transfer of materials therebetween, where

- the first saturation unit (1) has a first autoclave (6) comprising a first support

material inlet (7) and a first solution inlet (8), with the first autoclave (6) being

connected to a first dryer (13) via a first filter (12),

- the second saturation unit (2) has a second autoclave (14) comprising a second

support material inlet (15) and a second solution inlet (16), with the second autoclave

(14) being connected to a second dryer (19) via a second filter (18),

- the carbonization unit (3) has a first furnace (22) comprising a third support material

inlet (21),

- the preoxidation unit (4) has a third autoclave (23) comprising a first activated

carbon inlet (24) and a third solution inlet (25), with the third autoclave (23) being

connected to a rinser (28) via a third filter (27), and the rinser (28) being connected to

a third dryer (30) via a fourth filter (29),

- the conversion unit (5) has a second furnace (32) comprising a second activated

carbon inlet (31), with a sorbent outlet (33) being connected to the second furnace

(32), and where

- the first dryer (13) of the first saturation unit (1) is connected to the second

autoclave (14) of the second saturation unit (2) through a second support material

inlet ( 15),

- the second dryer ( 19) of the second saturation unit (2) is connected to the first

furnace (22) of the carbonization unit (3) through a third support material inlet (21),

- the first furnace (22) of the carbonization unit (3) is connected to the third autoclave

(23) of the preoxidation unit (4) through a first activated carbon inlet (24), and

- the third dryer (30) of the preoxidation unit (4) is connected to the second furnace

(32) of the conversion unit (5) through a second activated carbon inlet (31).

16. The apparatus according to Claim 15, characterised by that a support material

container (9) is connected to the first autoclave (6) through the first support material

inlet (7), with a first solution tank (10) being connected to the first autoclave (6)

through said first solution inlet.



17. The apparatus according to Claim 15 or Claim 16, characterised by that a ferric

salt container ( 1 1) is connected to the first solution tank (10).

18. The apparatus according to one of Claims 15-17, characterised by that the ferric

salt solution separated by the first filter (12) is recycled into the first solution tank

(10).

19. The apparatus according to one of Claims 15-18, characterised by that an oxalic

acid tank (20) is connected to the second solution tank (17).

20. The apparatus according to one of Claims 15-19, characterised by that the oxalic

acid solution separated by the second filter ( 18) is recycled into the second solution

tank (17).
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