19 July 2006 1 METHOD FOR TREATI NG WATER CONTAI NI NG | RON, MANGANESE AND
ARSENI C The present invention relates to a nethod for treat e 8&2\3@6‘”'
More precisely, the invention relates to a process of naking mage S

i ntended for human consunption drinkable, by reducing iron, 5 nanganese
and arsenic. The principle of elimnation of iron depends on its oxidation
and on the retention of the insoluble okides thus formed (Fe(OH) 3, Fe2).
Oxi dation with oxygen, or with chem cal oxidants which may be 10

consi dered such as chlorine, chlorine dioxide, potassium permanganate or
ozone, is necessary to attain sufficient oxidation-reduction potentials.
The oxidant nost currently used in this context is potassium

per manganate. 15 The principle of elimnation of arsenic depends on its
chemi cal oxidation and its absorption on insoluble netallic hydroxides
(iron or alumniumin general). The traditional physicochem cal nethod of
manganese and iron renoval fromwaters consists of 20 chem cally oxidizing
t he manganese and/or the iron 19 July 2006 2 contained in them by neans of
pot assi um permanganate, chlorine or ozone, then filtering themon a
granular material such as sand, for exanple. This can becone coated with
preci pitates of nanganese di oxi de at the

METHOD FOR TREATING WATER CONTAINING IRON,
MANGANESE AND ARSENIC

The present invention relates to a method for
treatment of water. More precisely, the invention
relates to a process of making waters intended for
human consumption drinkable, by reducing iron,

5 manganese and arsenic.
The principle of elimination of iron depends on

its oxidation and on the retention of the insoluble

oxides thus formed (Fe(OH);, Fe;03). Oxidation with
oxygen, or with chemical oxidants which may Dbe
10 considered such as chlorine, chlorine dioxide,

potassium permanganate or ozone, 1s necessary to attain
gsufficient oxidation-reduction potentials. The oxidant
most currently uged in this context 1is potassium
permanganate.

15 The principle of elimination of arsenic depends on
its chemical oxidation and its absorption on insoluble
metallic hydroxides (iron or aluminium in general).

The traditional physicochemical method of
manganese and iron removal from waters consists of

20 chemically oxidizing the manganese and/or the iron



5 end of several nonths and forma so-called natural "greensand". This
"greensand" can |ikew se be prepared by depositing beforehandlgj&gbﬁb@f
hydr at ed nanganese di oxide on the surface of a support which nay bé sand,
acid clay, anthracite, zeolite, a dolomtic material, 10 etc. The_nanganese
dioxide is then considered as playing the part of a catalyst. This type of
nmet hod has the mejor di sadvantage of necessitating the addition at the

begi nning of a powerful oxidant such as potassium pernmanganate, free 15
chlorine, or ozone. A granular material can also be prepared starting from
a minly inert material. Conbined with finely divided nanganese di oxide
and/ or an OXIde of _iron_(,Fe304, for exanple), the whole is bound by a

cenent in 20°SPHRFTES ot qq?%r%ﬁu@@?@ﬁ - B@tﬂ§§hu@|E@rm9m9¢Qﬁ¢e,

described i nchberpakenss &ore 142h201 ﬁfﬂt@lé 1t%éﬁ\ on) N4 S LYBR, 0] . Met hod
does not require the addition of oxi dant . e ot her and reqU|res

t he specifi dl@k@RiRdctIeh oft st R RE andloar mmplal T?mtsald:a?gbeg:ﬁange i
rticular e n the conseguential,investnen o whic
Egs to be ad%géegﬁekgggid§¥égiﬁég§ Fiig The gﬁﬂ?ﬁ?lﬂﬁ%ﬁ% & . a¥hd-hwvent i on
has partiScul andly &S sbsemmhﬁmoﬁahsreﬂﬁﬂyﬂdﬁmdaS%@Wﬁgﬁﬁgﬁ Bl td8fd Ci enci es

of the prior, 30 art 9 July 2006 3 More precisely, the object of the
invention is ?BeeBFBBS gﬂ&ﬁysﬁﬁﬁﬂﬂﬁﬁ%ﬁﬂ Gk el ikpeasaehe poepmred

by depositing beforehand a film of hydrated manganese
dioxide on the surface of a support which may be sand,
acid clay, anthracite, zeolite, a dolomitic material,

10 etc. The manganese dioxide is then considered as
playing the part of a catalyst.

This type of method has the major disadvantage of
necessitating the addition at the 'beginning of a
powerful oxidant such as potassium permanganate, free

15 chlorine, or ozone.

A granular material can élso be prepared starting
from a mainly inert material. Combined with finely
divided manganese dioxide and/or an oxide of iron
(Fe304, for example), the whole is bound by a cement in

20 order to obtain granules of 10-60 mesh size, such as
described in the patents US 2,145,901 and GB 471 277.

This type of method does not require the addition
of oxidant. On the other hand, it requires the specific
manufacture of the granular material, entailing

25 particular equipment to do this and the consequential
investment, to which has to be added the cost of
preparing the granular material.

The invention has particularly as its object to

remedy the disadvantages or deficiencies of the prior
30 art.



enabling efficient renoval of iron, manganese and arsenic contained in

wat ers, without the addition of 5 powerful oxidants. The inveT§bﬁgzﬁb o]
has the object of providing such a nmethod for which the preparation of the
filtering material is appreciably sinplified with respect to the prior

art. 10 The invention also has the object of providing such a

physi cochem cal nethod which uses a filtgring material not requiring

chemi cal regeneration, particularly by an oxidant. Another object of the
invention is to propose such 15 a nmethod for water treatnment which gives
rise to no, or very small, loss of filtering material. Another object of

the invention is 9 Rropose. su h a?netgod whi ch nakes use of a filtering
mat eri al which be R 5%% ¢ drPRcPPYCFFomtt Adiei Hivgnt hemuisipy tof or 20

exanpl e, requiddgiseOnly ki ARLS JRGhAM £al |, L £ eat ”E@teaﬂ?ﬁé]%e HSEn o et
e

anot her object of the invention is to provide such a water trea nt

net hod whi chem@p e dis&f bhciaater sehavarg vhribbde, andasgasesal dhssol ved

contents 25_qof. i ran, e d seni c. ,The inveption al so has the
obj ect of préggéﬁﬁyléﬁgﬁggﬂﬁétﬁgg V%l3ﬁsfsW&éhﬁﬁﬁcﬁpeaﬁﬁig?kﬁ% Pé use.
These obj &ct powas fudl loxdsianiters which will becone apparent in what

foll ows, are attakggd pX means of a 30 water treatnment nethod in order
particularly to redfce'YRBLLOM ehtSof Natonthansirste afd prseniléngl9 July

2006 such a method for which the preparation of the
filtering material is appreciably simplified with
respect to the prior art.

10 The inventiocn also has the object of providing
such a physicochemical method which uses a filtering
material not requiring chemical regeneration,
particularly by an oxidant.

Another object of the invention is to propose such

15 a method for water treatment which gives rise to no, or
very small, loss of filtering material.

Another object of the invention is to propose such
a method which makes use of a filtering material which
may be a residue directly from the mining industry, for

20 example, requiring only a simple mechanical treatment
before use.

Yet another object of the invention is to provide
such a water treatment method which may be used on
waters having variable and seasonal dissolved contents

25 of iron, manganese and arsenic.

The invention also has the object of proposing
such a method which is economical and simple to use.

These objects, as well as others which will become
apparent in what follows, are attained by means of a

30 water treatment method in order particularly to reduce

the content of iron, manganese and arsenic,



4 characterized in that it conprises a step of causing the said waters to
pass over at |east one bed of filtering materials conprising @@hg 2006
associ ation: - of at |east one divided material based on iron oxi g 5 or
hydroxide, or iron in the netallic state, in the formof particles of
dimensions 0.3-2 mm - of grains of manganese di oxi de havi ng an apparent
density of the order of 2 and hardness gfteater than 6 on Moh's scale. 10
It will be noted that in the context of the present description "apparent
density of the order of 2" denotes a density which may vary from1.7 to
2.3. According to the invention, the iron-based divided nmaterial used may

therefore beoHRialdder 1700 {Nakenee s L5:BANRL oba O OEolran oxide.er
hydroxide. In the first case, it nay be in"the formo ron fiTTngs;y chips,
foils, etc. thetheasdcormtense,tqr ams obveerrat dreadter mous bydr oxFde may

be concerned.. .an associ.ation of i.ron and nmanganese di oxi de 20_cou|d
be in the foFﬁ?g%Qé%gi eéléﬁ% SR SEd GQidh OGHterI™ and grains of

nmanganese di exibde atbuteaitsondl difedéar Mok raa3upRiResidd on-of bayge(s) of
iron-based divided material and |ayer(s) of manganese dioxide grains. In

the lattet c8%eAHePF+dR: baged Foyed noftns mewadédm*eai_:? i preéer abl y
oot orably 1 AOChe T oRGF RSarT o SR A o dfi ne of ferric
hydr oxi de and af | ayeinsf @f amaagahersengaheseddi tdvdend Sadsethbpd hentayer
density of the order of 2 and hardness greater than 6
on Moh's scale.
10 It will be noted that in the context of the
present description "apparent density of the order of
2" denotes a density which may vary from 1.7 to 2.3.
According to the invention, the iron-based divided
material used may therefore be metallic iron (valence
15 equal to 0) or iron oxide or hydroxide. In the first
case, it may be in the form of iron filings, chips,
foils, etc. In the second case, grains of ferric or
ferrous hydroxide may be concerned.
Such an association of iron and manganese dioxide
20 could be in the form of a mixture of iron-based divided
material and grains of manganese dioxide, but also in
the form of a superposition of layer(s) of iron-based
divided material and layer(s) of manganese dioxide
grains. In the latter case, the iron-based layer of
25 divided material is preferably in the upper position,
while the layer of manganese dioxide grains 1is
preferably in the lower position.
When a layer of grains of ferric hydroxide and a
layer of grains of manganese dioxide is used, the layer
30 of ferric hydroxide will advantageously have an

apparent density of the order of 1.2-1.5.



30 of ferric hydroxide will advantageously have an apparent density of the
order of 1.2-1.5. 19 July 2006 5 The chosen specifics of denS|i¥J@22006
hardness of such materials enable two uniform stable layers o nganese
di oxide and ferric or ferrous hydroxide to be nmaintained. Mre precisely,
the hardness greater than 6 5 on Mdh's scale of the manganese di oxide
grains enables the initial particle size distribution and the initial
adsorption capacity of the material to be maintained. Because of this, a
negligible or zero consunption of the materials is found, giving a
particularly 10 advantageous result connected to the fact that that the

materials are not nstit uted _as cansunmab es. The.princi l e of the
i nvention is thus %sg&o ot SPﬁglgﬂFﬁlw |§ﬁnéﬂqﬂwﬁﬂda 3ERNE SEndo £

manganese, oauthematﬁxnélﬁnemﬁﬁxéath@ndﬁiféﬁﬂ;b%%%$fgvh9§@ﬂ§“ gral 15
and on manganese di oxide grains, with a density and _hardne§ enabl'T ng
nmanganese t cMBRIFREIFnddORitRoandt Kerrigdion diemfowxitdahtqx abel Wb t heut

i f ; em ratio f .the naterials_b neans of an
oxl ot conprechtaintaETieeL BERR Sk R RS i b, (a6
manganese anen atsbnic scallipe off ftilod endhyaheeat adoRY demeans df digseed Wo

ials, en for their .characteristics and properties. The addition
g?tggign; ggﬁ aﬁpég%aéh9%¥ﬁﬁﬁgié?ﬁﬁ?ﬁ%%ﬁﬁﬁbﬁﬂﬁ%@? fpde thi dimideials or

ozone is notaecepsany, cspeidialy for the medustion of LLhJihQY, epganese
and arsenic content of the waters, o .
Because of this, a negligible or zero consumption of

the materials is found, giving a particularly

10 advantageous result connected to the fact that that the
materials are not constituted as consumables.

The principle of the invention is thus based, for
the elimination of iron, arsenic and manganese, on the
use of an association of iron-based divided material

15 and on manganese dioxide grains, with a density and
hardness enabling manganese to be retained without the
addition of oxidant, and without having to effect a
chemical regeneration of the materials by means of an
oxidant compound.

20 Such a method enables waters loaded with iron,
manganese and arsenic to be efficiently treated by
means of these two materials, chosen for their
characteristics and properties. The addition of strong
oxidants such as potassium permanganate, free chlorine,

25 or ozone is not necessary, whether for the reduction of
the iron, manganese and arsenic content of the waters,
or for the regeneration of the filtering material; this
is in opposition to current practice.

Furthermore, the method according to the invention

30 is found to be particularly effective without its being

necessary to provide the specific preparation of the



or for the regeneration of the filtering material; this

is in opposition

to current practice. Furthernore, the nmethod according to the i@yﬁy?g&y 30

is found to be particularly effective without its being

provide the specific preparation of the 19 July 2006 6 fi
consisting of coating, using a cenment, an inert material
manganese dioxide as is the case in théSprlor sol uti ons.

necessary
ltering materi al
wi th grains of
According to a

not ewort hy characteristic, when the 5 iron-based divided material used is

iron hydroxide, this acts as an adsorbent. According to
characteristic, the manganese di oxi de chosen by the App

anot her not ewort hy
icant acts as a

catal yst, andialee iasy amae daal . &@@sﬂétﬂﬁbp|SfOfc&SEiﬁgrﬁggéaﬁchg

activity is simlar to that of the catalytic¢c effect obt

nmanganese- t r 68088 tsand" (kR EEnSPYialt owililchgire iaddedft hearoppabsbi ty of

the material;forachkng ;313 %HBQQG&1Rﬂ%%kn%x%gﬁﬂgﬁ%éf%hﬁ

di ssolved in the water. 15 Furthernore, ganese

of manganese
has an oxi dant

action for di ssol&edomdnggnése apmesenorithyt ithavai@fet st e, thgat edhelt Wl

further e be noted that .this nganese_  di oxide is not
rr;:lganeggg, ang°arss® gii"&ldfégarﬂ bRT1aksehi’d add shreni

Fe 2+ ions atkiexhdtzedsbwunMaldordaetare deposited on the

sel ective for
drrdrmeida2+ and
surface of the

grains of the filtering material. The overall oxidation-reduction reaction
t aki ng According to another noteworthy characteristic,

the manganese dioxide chosen by the Applicant acts as a

catalyst, and also as an oxidant. The principle of its

10 catalytic activity is similar to that of the catalytic

effect obtained with a manganese-treated sand

("greensand”), to which is added the capability of the

material for acting as a support for the adsorption of

manganese dissolved in the water.

15 Furthermore, manganese dioxide has

an oxidant

action for dissolved manganese present in the water to

be treated.

It will furthermore be noted that this manganese

dioxide 1is not selective for manganese,

and also

20 oxidizes iron, arsenic and selenium. The Mn?* and Fe?

ions are oxidized by MnO;, and are deposited on the

surface of the grains of the filtering material.

The overall oxidation-reduction reaction taking

place at the surface of the material at the solid-

25 liquid interface, leads to the formation of manganese

sesquioxide, Mn,0; (solid), both by oxidation of the

dissolved manganese and by reduction of solid manganese

dioxide. The Mn;0; thus produced progressively coats

the grains of material.

30 According to an advantageous solution,

the method

comprises, when necessary, a step of regeneration of



pl ace at the surface of the material at the solid- 25 liquid interface,

| eads to the formation of manganese sesqui oxi de, Mh203 (S°|id)19ﬂﬂkﬁo&§

oxi dation of the dissolved manganese and by reduction of solid manganese

di oxi de. The M1203 thus produced progressively coats the grains of
material. 30 According to an advantageous solution, the nmethod conprises,
when necessary, a step of regeneration of 19 July 2006 7 C the said filter
bed, performed by sinple washing by means of a stream of water and/or of a
gaseous fluid such as air. This regeneration step' could be perforned 5
periodically, in particular taking account of the volunmes of water treated

and t he seas | vark atd. of .their anese concentration. According to
anot her enbogﬁ%enégéhglggqf ?%Qenﬁéggl 1 P Yo ot P LF s ¢ A5 gt £ Bmed
when the saifeah8 fdfl ter bRgenmt a5 akabed o S &r PhedgpiLrdined, | 9gs of

| oad. Monitoring, continuously or by sanpling, of the Tesidual manganese
concentrati oR¥6r 8Re?tfeated water may indicate a |loss of |oad of the

bed. Acoording o h T 1ot rBegiReRt hof SRS rRURG atTen BRSEO THedsai o

washi ng is peefdorkdakbynt ern cyraent ctbatrhet f kowgof avabemntt oolpe txgat ed

volumes of water treated and the seasonal variation of
their manganese concentration.

According to another embodiment, the said
regeneration step could also be performed when the said

10 filtering material bed reaches a predetermined loss of

load.

Monitoring, continuously or by sampling, of the
residual manganese concentration of the treated water
may indicate a loss of load of the filtering material

15 and bring about a decision to regenerate the filter

bed.

According to a first embodiment of the
regeneration step, the said washing is performed
counter-current to the flow of water to be treated

20 within the said filter bed.

C According to a second embodiment of the
regeneration step, the said washing is effected co-
current with the flow of water to be treated within the
said filter bed.

25 According to a preferred solution, the iron-based
divided material and/or the said manganese dioxide
grains are associated with at least one other material
chosen from among the following materials:

- sand,

30 - anthracite,

- grains of active carbon,



20 within the said filter bed. According to a second embodi nent of the
regeneration step, the said washing is effected co- current “41@]@Q§06$0W
of water to be treated within the said filter bed. 25 According'to a
preferred solution, the iron-based divided naterial and/or the said
manganese di oxide grains are associated with at |east one other material
chosen fromamong the followi ng materials: - sand, 30 - anthracite, -
grains of active carbon, 19 July 2006 8 - neutralizing material.

Advant ageously, the method conprises a prelimnary step of crushing and
screeni ng the nmanganese dioxide so as to obtain a particle size of 0.3-1

mm 5 It will t.hat ccording to other enbodinents which may be
envi saged, thegnggﬁﬁgélgﬁdmas@F&@ﬂrng could vary in order to obtain a

different partichévahzagaeeen§i,NgHio rdteciesddngsk f4dd ratp oo idpgapet hod
preferably includes a supplenentary 10 step of pH adjustnent of the said
wat er by a tPE&PnEAt CTWSTH NG And SifRged igstdhomanganawe edioxpder eam of

orure | SesbErsR BTl SR s en e aggpuely comises by
oxi de gréins. Thelsai @iddsodiat iront pdef ehall,y conpsraesngabaw other
embodiments which may be envisaged, the crushing and
screening could vary in order to obtain a different
particle size according to the desired filtration.
The method preferably includes a supplementary
10 step of pH adjustment of the said water by a treatment
with air, caustic soda, or lime water, upstream of the
filtration step.
The sald association advantageously comprises by
volume, 5%-95% of iron-based divided material and 95%-
15 5% of manganese oxide grains.
The said association preferably comprises about
70% of iron-based divided material and about 30% of
manganese dioxide grains,
According to an embodiment, the said step
20 consisting causing the water to pass through at least
one filtering material bed is performed at atmospheric
pressure, but this step could alternatively be
performed under pressure, according to another
embodiment.
25 The said step advantageously consisting of passing
said water over at least one bed of filtering material
is performed with a contact time of 30 seconds to 10
minutes.
The method may be used either by means of filters
30 operating at atmospheric pressure, or by means of

filters operating under pressure.



70% of iron-
grains, Acco
the water to
at at nospher
under pressu
advant ageous
filtering na
m nutes. The
at nospheri c

July 2006 9

sever al enbo
exanpl es and
drawi ngs. -
renoval of

based divided material and about 30% of manganese dioxide

rding to an enbodi ment, the said step 20 cpnsistiTQJ&%
pass through at least one filtering material bed

orned

ic pressure, but this step could alternatively be perforned

re, according to another enbodinent. 25 The said step

l'y consisting of passing sajd water over at |east one bed of
terial is perfornmed with a contact time of 30 seconds to 10

nmet hod nmay be used either by neans of filters 30 operating at
pressure, or by neans of filters operating under pressure. 19
O her characteristics and advantages of the invention wll
more clearly becoREhggpardmrant egdditigst henfiol hawhng deser ipti ophef

by way of illustrative
ShUBAETCH Bl AL eT Y, BREoRY b ot miorman g

Ehgutelloshows d@sf:lrrlg)ft iAo RNfe 01 ahnd MANSE L& al £ up

ron and nmanganese an for elimnation of arsenic accor

for
ing to

the i nventi ohMVEBTARNshi ThVehebiat ety t 0fbd ltlrust vat fee erdsnpirecughntihe

filter, and

type in whi ¢

10

15

20

25

30

rEREURE e, SSEE0Y EEPRELAR o LdcShod o
drawings.,

- Figure 1 shows a first embodiment of an
industrial unit for removal of iron and manganese and
for elimination of arsenic according to the invention,
in which the water to be treated ascends through the
filter, and

- Figure 2 shows a second embodiment of a unit of
the same type in which the water descends through the
filter.

In the industrial water treatment unit shown
schematically in Figure 1, the water is brought by a
duct 1 intc the filter 2, which is open in the present
case, that is, at atmospheric pressure, but which may
be of any other type in other embodiments.

The filter contains a filter bed consisting of a
mixture of about 70% by volume of ferric hydroxide
grains and about 30% by volume of manganese dioxide
grains. It will also be noted that in other embodiments
which may be considered, particularly as a function of
the iron and manganese contents of the water to be
treated, these proportions ecould for example be
reversed. More generally, the bed contains, by volume,
3-95% iron and 95-5% of manganese.

The filter medium 3 is supported by a perforated
or fringed floor 11. Furthermore, note that the filter

2 is provided with conventional emptying means 13.

ane



filter. 15 In the industrial water treatment unit shown schematically in
Figure 1, the water is brought by a duct 1 into the filter 2,1@m&g50%§
open in the present case, that is, at atnospheric pressure, but n may
be of any other type in other enbodinents. 20 The filter contains a filter
bed consisting of a mxture of grains and about 70% by volune of ferric
hydr oxi de about 30% by vol ume of mangabese dioxide grains. It will also be
noted that in other enbodi nents which may be considered, particularly as a
function of 25 the iron and manganese contents of the water to be treated,
t hese proportions could for exanpledbg5 ggyersed. Mor e geQﬁraL!Yi thﬁegfﬂm
cont ai ns, by vol upg, -95%ir n - of _nmanganese., e filter

3is suppor?ed byfg %%?f%?gﬁeéﬂn Bro¥F n %Lt?Fog YR 1By R¥Bthfore, note

that the filtee watks pnewsded, witdvCopventbogal t BEPLYIRD fMBANS, §3q 19 July
2006 10 In the case_of the open filter shown in Figure 1, the water flows

by gravity t Br digh ife %]inecFF?ﬂeral%eHh%thﬁ;ﬁei @fc\?tlll?f:tfsl\'ld-l%mi”gbg (t)misgegf :
i e b ety L T
pH adj ustnenifshepdég.air treatnent. This
Upstream of the filtration, the water undergoes if
necessary a pH adjustment step by air treatment. This
adjustment is performed if the pH of the water to be
treated is below 7.2. Such an adjustment is performed

10 using an air compressor 5 and an air filter 6 connected
to the water input duct 1.

To proceed to filter material regeneration, the
uniﬁ has a washing air booster 7 connected to a duct 8
opening into the base of the filter 2.

15 In this manner, the washing air is conveyed at the
same time or separately from the washing water, into
the filter bed 3, counter-current to the water to be
treated. The washing water is collected by a drain duct
9.

20 ' To demonstrate the effectiveness of the method
according to the invention, used with the unit shown in
Figure 1, the course of the arsenic and manganese
contents of the raw water and the treated water was
observed for a first application of manganese removal

25 and arsenic elimination in surface water.

In this unit, the contact time of the water with
the filtration bed is of the order of 3 minutes.
However, in other embodiments, the contact time could
be between 30 seconds and 10 minutes, as a function of

30 the required percentage reduction and the desired

residual content.




adjustnment is perfornmed if the pH of the water to be treated is below 7. 2.
Such an adjustnent is perforned 10 using an air conpressor 5 aﬂ?lﬁ?Zﬁbé
filter 6 connected to the water input duct 1. To proceed to fi ge

material regeneration, the wunit has a washing air booster 7 connected to a
duct 8 opening into the base of the filter 2. 15 In this manner, the
washing air is conveyed at the sanme tie or separately fromthe washi ng
water, into the filter bed 3, counter-current to the water to be treated.
The washing water is collected by a drain duct 9. 20 To denonstrate the
effectiveness of the nethod according to the invention, used with the unit
showmn in Figure 1, the gg;rse of the arsenic and nanganese contents of

the raw water andVtheet & @Wﬁ@ﬁ%ﬁsﬁa§?néﬁ§ér%§a_¥®V gaferst wapplézation
of manganese,Lefeual 485 AN qqﬁpnh&/gtlnlﬁﬁéug¢¥égt§ygkggg mg%er%h%n this

unit, the contact tine of the water "wth tration bed 1S o he
order of 3 mhathed. ifowdazrvéd otiter enbodsidntd, tbheteont acf tihe coul d

be between 30 seconds_and 10 ni,nutes, .as, a fupnction of 30 the required
pgrcgntage r%ﬁ%%f? nwgﬁﬁrtﬁ§Qﬂ§ﬁqt 9%%9%u§ ESARenPF fg?ﬁﬂ%PékE% 11

Wi | e the nmapgagesguennkenv7oksraw waters varies between 40 and 410 g/,
the effectiveness_of the nethod is observed with a residual content of the
treated water conktahfl yhBé| 6weenligshover thateddst impthod which has

been described enables the reduction of manganese and
arsenic content of waters to be treated, which may show
considerable seasonal variations.

10 With results equivalent or superior to those of
prior art techniques, the method of using a specific
filtering material avoids:

- recourse to oxidants, both for the filtration step
and for filter bed regeneration;

15 - recourse to an exacting and costly preparation of a
filtering material, as 1is the case for the prior
solutions.

Referring to Figure 2, in which reference numerals
identical to those of Figure 1 denote structural

20 elements identical or similar to those of Figure 1, the
water no longer passes on a descending but on an
ascending path through the filter bed. For this
purpose, the duct 1 arrives in the lower portion of the
filter 2, while the drain duct 4 is provided in its

25 upper portion.

Washing of the filter takes place by co-current
injection of air and/or of wash water.

The filter bed 3, composed of an upper layer 3a of
ferric hydroxide grains of density about 1.2-1.5

30 representing about 30% of the total volume of the

filter bed 3, and of a lower layer 3b of manganese



5 of as nmuch as 97.5% It is thus clearly shown that the nmethod which has
been descri bed enabl es the reduction of nanganese and arsenic1§ﬂ¥%§666of
waters to be treated, which nmay show considerable seasonal variations. 10
Wth results equivalent or superior to those of prior art techniques, the
met hod of using a specific filtering material avoids: - recourse to

oxi dants, both for the filtration step and for filter bed regeneration; 15
- recourse to an exacting and costly preparation of a filtering material,
as is the case for the prior solutions. Referring to Figure 2, in which
reference nunerals identical to those of Figure 1 denote structural 20
el enments identical or simlar to those of Figure 1, the water no | onger
passes on adkﬁggﬂgi@géﬂﬁsoafameﬁ§f§9dkﬂg pgéhggyégmgftQp ghhtq; bed
For this purpose, the duct 1 arrives in the |Iower portion of the #ilter
2, while théawdnasdudireatey pkhandéd om Mph's25amper peptiesentashi ng of

the filter tﬁ%ﬁﬁz e. by - n jniLect.i of..ai.r and/,or of wash
wat er. The fi erpLea %? %%%p%é%%fo%oégﬁup8§r%ﬁgygFiéﬁrogedferric hydr oxi de
grains of density about 1.2-1.5 30 representing about 30% of the total

volune of the filter bed 3, and of a |ower |ayer 3b of manganese 19 July
2006 12 di oxide grains of density of the order of 4 and of



har dness greater than 6 on Mbh's scale, representing about 70% of the
total volunme of the filter bed. 19 July 2006 13 CLAI M5 1. thhﬂghﬂ 2006
treatment of waters, in particular to reduce their iron, nanganhese  and
arsenic content, characterized in that it conprises at |east one step
consi sting of passing the said waters over at |east one 5 bed of filter
material (3) conprising an association: - of at |east one iron-based
divided material in the hydroxide, oxilde or netallic state, in the form of
particles of dinmensions 0.3-2 nm - of nanganese di oxi de grains having an
apparent 10 density of the order of 2 and a hardness greater than 6 on
Moh's scale. 2. Method according to claiml, characterized in that the

said iron-based divided material used.i tallic iron. 15 3. Method
according to claim?2, characterized Fﬁfﬁgﬁgf the said iron-based divided
material used is in the formof filings and/or chips and/or foils. 4.

Met hod according to claim1, characterized in that the iron-based divided
mat erial used is di-nMadodehyFeximentst af evaterfpt hodractdeditag te cl ai m

For oy o SR Rodt Al AR bRced HY. SemRteriLRRe 8 1 Ll
any one of claines-tle 5 ze@5 iohdrtext eitzednpritdet bhe lsmisk assecisakion of
I ron- consisting of passing the said waters over at least one

5 bed of filter material (3) comprising an association:

- of at least one iron-based divided material in the
hydroxide, oxide or metallic state, in the form of
particles of dimensions 0.3-2 mm;

- of manganese dioxide grains having an apparent

10 density of the order of 2 and a hardness greater than 6
on Moh's scale.

2. Method according to claim 1, characterized in
that the said iron-based divided material used is
metallic iron.

15 3. Method according to claim 2, characterized in
that the said iron-based divided material used is in
the form of filings and/or chips and/or foils.

4. Method according to claim 1, characterized in
that the iron-based divided material used is in the

20 hydroxide state.

5. Method according to claim 4, characterized in
that the iron-based divided material used is in the
form of grains of ferric and/or ferrous hydroxide

€. Method according to any one of claims 1-5,

25 characterized in that the said association of iron-
based divided material and of manganese dioxide is in

the form of a mixture of iron-based divided material

and manganese dioxide grains.



based divided material and of manganese dioxide is in the formof a

m xture of iron-based divided material and nmanganese di oxi de 9@?&?§0049
July 2006 14 7. Method according to any one of clainms 1-5, characterized
in that the said association of iron- based divided materi al and manganese
dioxide is present in the formof a superposition of |ayer(s) (3a, 3b) of
5 iron-based divided material and of nmanganese di oxide grains. 8. Method
according to claim7, characterized in that the said association of
iron-based divided nmaterials and of manganese dioxide is present in the 10
form of an upper |ayer (3a) of iron-based divided nmaterial and a | ower

| ayer (3b) of nangangge ﬁigxide rains. 9. Method according to claim 8,
characterized in 'thdtctH89sAGCIEdoRFatiOndsy | PBA- Kdsealaivwisdel-515

material andchanganese @xide GAENTHS PLeeUsddL e LOr mof g,
superposition of an upper layer (3a) of ferric hydroxide grains alld a
| ower | ayer pPaBpdoflivigieghmede rfiadxiatel graigmnedd. dMethoel hAscprdiaget o

claim9, character.i i 20 that the,layer of ferric hydroxide grains has
an appar ent Eg e Zfe&)dtl‘"l abou TE‘?EP%?%}. n (r)fh(}d’ycﬁ‘r (Rt ef3ar edl hepf

ensity o

accordi ng t oiapy-teesedf dekatss Inalfsr Char agterd ZegdahBahlak 141 SQRLI ses,
when necessary, ,a step of regeneration of the said 257 filtering materi al

(3), perfornBd@d}Ssi npl e washi ng by
8. Method according to claim 7, characterized in

that the said association of iron-based divided
materials and of manganese dioxide is present in the

10  form of an upper layer (3a) of iron-based divided
material and a lower layer (3b) of manganese dioxide
grains.

9. Method according to claim 8, characterized in
that the said association of iron-based divided

15 material and manganese dioxide grains is present in the
form of a superposition of an upper layer (3a) of
ferric hydroxide grains and a lower layer (3b) of
manganese dioxide grains.

10. Method according to claim 9, characterized in -

20 that the layer of ferric hydroxide grains has an
apparent density of about 1.2-1.5.

11. Method of water treatment according to any one
of claims 1-10, characterized in that it comprises,
when necessary, a step of regeneration of the said

25 filtering material (3), performed by simple washing by
means of a stream of water and/or of a gaseous fluid
such as air.

12, Method of water treatment according to claim
11, characterized in that the washing is performed

30  counter-current to the flow of water to be treated

within the said filter bed.



means of a stream of water and/or of a gaseous fluid such as air. 12.
Met hod of water treatnent according to claim 11, characterizeggy@ bhgs the
washing is perforned 30 counter-current to the flow of water to &°treat ed
within the said filter bed. 19 July 2006 15 13. Method according to claim
11, characterized in that the said washing is perforned co-current with
the flow of water to be treated withinjthe said filter bed. 14. Method of
wat er treatnent according to any one 5 of clainms 1-13, characterized in
that the iron and/or the nmanganese di oxide grains are associated with at
| east one other material chosen fromanong the follow ng materials: -
sand, 10 - anthracite, - grains of active carbon, - neutralizing material.
15. Method of wat &f-t MehbREnacseEdidionFa ¢ laiyn oo dfamiciemsidedqin
characteri zedyi t ot | 4 L nar t ep.of crushing and
screeni ng ofg%%ﬂggﬁgsgadfgggﬁgtﬁﬁfo?%e%éfggg F§:%%E¥%§?fﬁh éwkﬁge@%? 0.3-1
mm 16. Met hbdwobfwatéert teabeetitreatear diinthiro ARy el Hif ] ©dAiwsd 1- 15,
characterized in %hat tgﬁ ai associ ation of iron-based divided nmateri al
grar

and 20 manganese toxi'g s We&RPT itFES P ol ARRCBHNT g5%aRY PRBN- based
di vi ded mat esEak1anehs950613 5% RbrafRBYANIE T OXh &€ 9hRI NS on and/or

the manganese dioxide grains are associated with at
least one other material chosen from among the
following materials:
- sand,

10 - anthracite,

- grains of active carbon,

neutralizing material.
15. Method of water treatment according to any one
of claims 1-14, characterized in that it comprises a
15 preliminary step of crushing and screening of manganese
dioxide in order to obtain a particle size of 0.3-1 mm.
16. Method of water treatment according to any one
of claims 1-15, characterized in that the said
association of iron-based divided material and
20 manganese dioxide grains comprises by volume 5% - 95%
of iron-based divided material and 95% - 5% of
manganese dioxide grains.
17. Method of water treatment according to claim
16, characterized in that the said association
25 comprises by volume about 70% of iron-based divided
material and 30% of manganese dioxide grains.
18, Method of water treatment according to any one
of claims 1-17, characterized in that it comprises a
supplementary step of pH adjustment of the said waters,
30 by treatment with air, caustic soda, or lime water,

upstream of the filtration step.



17. Method of water treatnent according to claim 16, characterized in that
the said association 25 conprises by volunme about 70% of iron @ﬂﬁ§?006
divided material and 30% of manganese di oxi de grains. 18. thhod wat er
treatment according to any one of clains 1-17, characterized in that it
conprises a supplenentary step of pH adjustnent of the said waters, 30 by
treatment with air, caustic soda, or |lihe water, upstream of the
filtration step. 19 July 2006 16 19. Method of water treatment according to
any one of clains 1-18, characterized in that the said step of causing
the water to pass over at |east one bed of filtering material is perforned
at atnospheric 5ypre . 0 f r treatment according to any
one of clains 1-%2: @%g?g?tégifgﬁgganﬁgfwgﬁifﬁﬁﬁfﬁ;%ﬁﬁ Qﬁnﬁﬁ%t?ﬁ@ of
causi ng the s&i dladmer § 18 pasm mverenized ehst thae hed ofaifd |diesd ngs
material is gerforne under ressure. 21. Method of water treatnent

according to-aiy Bfe Bt 8’Ia§|er11:(n? C2Ba5chatBeterdzederstt Hte t Redsadf step
(1 Tteri ng mator sl 15 per formed w (h a "18 GORTAG fine S GOPhSonds - 10
m nut es. pressure.
20. Method of water treatment according to any one
of claims 1-18, characterized in that the said step
consisting of causing the said waters to pass over at
least one bed of filtering material is performed under
10 pressure.
21. Method of water treatment according to any cne
of claims 1-20, characterized in that the said step
consisting of causing the said waters to pass over at
least one bed of filtering material is performed with a

15 contact time of 30 seconds - 10 minutes.



