;A e3e9T9Q 6T, =1 PROCESS FOR TREATMENT OF WATERS CONTAI NI NG | RON
"“MANGANESE AND ARSENI C The present invention relates to a nethod for
treatment of water. More precisely, the invention relates to a process of
maki ng waters intended for human consunption drinkable, by reducing iron, 5
manganese and arsenic. The principle of elimnation of iron depends on its
oxi dation and on the retention of the insoluble oxides thus fornmed (Fe (COH)
3, Fe203) . xidation with oxygen, or with chem cal oxidants which nay be
10 consi dered such as chlorine, chlorine dioxide, potassium pernmanganate or
ozone, is necessary to attain sufficient oxidation-reduction potentials.
The oxidant nost currently used in this context is potassium pernmanganate.
15 The principle of elimination of arsenic depends on |3mwmmmmmm
oxidation and its adsorption on insoluble netallic hydr or
alum numin general). The traditional physicochem cal methodsfkenanganese
and iron renoval fromwaters consists of 20 chemcally oxidi zing the
manganese and/or the iron 2 contained in them by neanswmwlmm“ﬁmmmma
per manganate, chlorine or ozone, then filtering them on teria
such as sand, for exanple. This can becone coated w th precipobat es of
manganese di oxide at the 5 end of several nonths and forma so-called
natural "greensand". This "greensand" can |i kew se be prepared by
depositing beforehand a filmof hydrated nanganese di oxi de on the surface
of a support which may be sand, acid clay, anthracite, zeolite, a dolomtic
material, 10 etc. The manganese di oxide is then considered as playing the
part of a catal \\ROCEHS Fdr/ FREATMENThGIF WISTEHE CENTRINISEdVRIN Age of
necessitating the addition at_the beginning of a_powerful oxidant such as
pot assi um per manganate, free %éﬁﬁﬁiagﬁné—-gﬁgﬁgﬂﬁgu A granul ar material can
al so be prepared starting froma mainly inert material. Conmbined with
finely divided manganese di oxi de and/or an oxide of iron (Fe304, for
exanpl e), the wholkei samm@tbﬁraf@m inelzreg déo te amtdiad gfamul es of
10-60 nesh sjz as -des ed nt.s US 2,145 nd GB 471
277. This ty%eggFﬁﬁgﬂﬁogfdo%§£n%t F%QUIF ?%&$ ggﬁfloﬁh igven 2on
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)i3, Fez03). Oxidation with
oxygen, or with chemical oxidants which may be

10 considered such as chlorine, chlorine dioxide,
potassium permanganate or ozone, is necessary to attain
sufficient oxidation-reduction potentials. The oxidant
most currently used in this context 1is potassium
permanganate.

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

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

20 chemically oxidizing the manganese and/or the iron



of oxidant. On the other hand, it requires the specific manufacture of the
"granular nmaterial, entailing 25 particular equipnent to do this and the
consequential investnment, to which has to be added the cost of preparing
the granular material. The invention has particularly as its object to
remedy the di sadvantages or deficiencies of the prior 30 art. 3 More
precisely, the object of the invention is to propose a physicochem cal

wat er treatnent nmethod enabling efficient renoval of iron, nanganese and
arsenic contained in waters, w thout the addition of 5 powerful oxidants.
The inventi ottt stnéds inhéhej dey méapsovifdipnt scihima pethadgéoatehi ch t he

preparation gf.-the filtering material d.,s .apprecigbly sinplified with
respect tC)téh}%ﬁ%%? S %b%hegﬁﬁgeﬁ%ﬁﬁﬁﬂgﬂgﬁ ﬁ§§Mt98 6%j%£?n8$gﬁroviding
such a physigochentalsumt hed whaineh) uses addnglesri nohmBt &/dral beebmeequi ri ng

chem cal regeneration, particplarlgﬁby an oxi dant. Another object of the
invention i SRIEPROYISE RIICIBI BaheEhef MEANGRREsSt AdardERt i ERegi ves
rise to 8o, OKqVelsy s8BLLka1l @ﬁsf%lQprfggmnﬁieékabalﬁ%%thﬁét??k?Ct.Of
the invention is to propose such a nethod I ch makes use of a ftilfering
mat eri al whi‘tdremysderdl. r 8bidul gdiceastind"f raam t hiskew sengbe nduspryedf or 20

exanmpl e, requiriing only a sinple . nechanical treatnent before use. Yet
ano?ﬁer objg%¥ 8?8?ﬁétgﬁﬁe%ﬁ3§fﬁﬁ?Q% %rg@%@eqgiﬁyékﬁ%ﬁ%rm?Pgapﬁﬁﬁt net hod
whi ch may bedisgdd@nonataes sha¥iate & iabd gtk seasemahagi seokygad, contents

25 of iron, manganese and arsenic. The invention also has the object of
proposi ng sIRFLA FeeNed ARHiNIRGE@cordfléte  and d kgt 1@ materihédse

(objectsqoas JeLl ap, 0t e hbcl Lb<BREOTE SAPPRLANL LS phal Lol Lavs, are
y neans of a ter treatnment nmethod n order particularly to
reduce t he cohdehhgothérpart nafiganestaapdtarseni c,

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 also 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.



4 characterized in that it conprises a step of causing the said waters to

" pass over at |east one bed of filtering materials conprising an
association: - of at |east one divided material based on iron oxide 5 or
hydroxide, or iron in the netallic statg, in the formof particles of

di rensions 0.3-2 mm- - of grains of nanganese di oxi de havi ng an apparent
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 from1.7 to
2.3. According tMdite pneensedn, the iobgrdiasefl thei drdermateni ak wsed nmay
therefore be netallic irogg&yale ce 15 equal to 0) or iron oxide or

hydr oxi de. IAT?RB5Fir&t B ,quéh@@lﬁé i NVAAET o ATREBA FREERGS chi ps,

foils, etc. dfablgngecondicashe Oraliy Ol LA rieod fRbhoUndudlr gxifle my
be concerned. Such an association of iron and manganese di oxi de 20 could be
in the formafsanitxioprgagingqd ohnb&edd il vi dethautertihd addigiann fof

nmanganeseg di é&gffufu xg&gﬁtgn the formof a superposition of |ayers) of
i ron- based vided material "and | ayers) of manganese dioxide grains. In the

| atter case, the Then-ibasedimyenleb 2badi tindedobnteri alf i prpielanaply in
t he upper positjon, while the | ayer of manganese di oxide grains is

preferably i PUEhe PowBFLROS tifoF Wherh IRr RFCRRARKL OB Pdrrithe

hydroxi de angd; atbayelq olfna&réﬂirhslofi@%%leé@i%wi deihB1458dq the ! yer 30

of ferric hydroxide wl| advantageously have an apparent density o he

order of 1.2rgspect BoThhechwosen spécifics of density and hardness of such

~materi al,s, enabl e i m _stahl e |.ayers . of nganese. di oxi de ,and ferric
or ferrolﬁ)s hydr ox?lﬁ% ;ig“{oeg{trrla?ﬁt gitir?eod.h rZChper enlgggﬁ?, ThePh&PY&HdLY gr eat er

than 6 5 on dbbhs asasthes DEothemieaganesthshi owhdengrnaids gnabhes iy i niti al
particle size distribution and the initial adsorption capacity of the
material to BELRLHIR A nEP T BeESIYE HiNBhi SheMAERY gi BRESsYe LR doN,

consunption gftheumateyi glSahsokouady . giving a particularly 10
advant ageous result connhecied to the fact that that the materials are not

constituted as cohAgobhdregbject 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,



The principle of the invention is thus based, for the elimnation of iron,

" arseni ¢ and manganese, on the use of an association of iron-based divided
material 15 and on manganese di oxide grains, with a density and hardness
enabl i ng manganese to be retained wi thoyt the addition of oxidant, and

wi t hout having to effect a chem cal regeneration of the materials by neans
of an oxi dant conpound. 20 Such a nethod enables waters | oaded with iron,
manganese and arsenic to be efficiently treated by neans of these two
materials, chosen for their characteristics and properties. The addition of

strong oxi dathSr&cedr 8sepotias St humt PeENMBg@aiess f seete) asf neauddbngr ozone
is not necessary, whether for the reduction of the iron, manganese and
arseni ¢ cont®h® SRihe"R&edSs, tor BFSt I SReglher heR8R IN¢hésd | Péring

material; this {sSe{Ny RPOSLiLPL LOnSH actlgce: hernore, the
met hod accordi ng Eda%he |nvent$on 3% §§§€%uﬁ% %%éﬁgl%g$§%éularly effective
wi t hout its bephgahetessar pnieo dirvddede natee rsipelciba segrepat abnonxafiet he 6

filtering material, consjsting of coatin usi cenent, an jnert materi al
with gr atns O hé(ﬁ*&é’ﬁ‘é $70i 0%i d&ohs 13 ThE BEerihe h& Brfor I G}‘Pons.
Accor di ng t of 8rmos EWSA £ HYcTHAr A€t @imShlEon¥heN3tPenk; i ron- based di vi ded
material used is iron hydroxide, this acts as an adsorbent. According to

anot her not enoPEhyI EheRacOdr imanganepe eyt ehdvbrRodechaBRATBYEL he
Appl i cant ac t Sty rd S a j : ipgLple of its
10 catalyticaggg?s?tgéigﬁérﬁﬁaf tg%tgagﬁgf%ﬁﬁ?éﬁ%%ﬂ%%¥%%%ﬁfgg%go§tained
W th a mangaomsdehtgasedlsand ("greensand”), to which is added the

capabi li.ty of the materjal for acting as .a suppqart for the adsorption of
-nanganeééydissolv%ﬁii%%lﬁhebﬁstP%efg EE?Fhe+%DF§¥3n§ﬁ6§ﬁE§é $ifox#€ has an

oxi dant acti ﬁﬂeé@ﬁtdl:l%%@'r\i@ﬂ:iWQ%}@@@r@ﬁ@S@@hsEBy_t kg vwalerokQebedlsr eat ed.
It will furthernore be noted that this nmanganese di oxide is not selective

for nanganesé) @AECEESo2 28eBR{BYz8B1FRoRaYar3EHi Eramdlsél &Ai dmd - The Mz+
and Fe2+ ions are,oxbfized 0y $hO2ingafleabg deRastLefl-pasthe syitage of the

grains of the filtering e overall “oxidation-reducfion reaction
t aki ng pl acematetrhelswskacenanf therefibeei be atettdid isolid2d [(vgliedce

interface, leads.to t formati on of, nganese sesqui oxi de, Mh2Q3 (solid),
bot h by ‘oki dS8H3A gP Rﬁe U ssEPPed aﬁésgygﬁaxﬂ Sreduttto% 6£T8Sid

manganese di gxkde. ithendn203 tistREOGURRH HF 09r8sSi el ihgoat shtibe, grains
of material. 30 According to an advantageous sol ution, the nethod
conprises, whehlBecedshr yIng tdepsetonrdgerdeat iomabhs 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
300 of ferric hydroxide will advantageously have an

apparent density of the order of 1.2-1.5.



the said filter bed, performed by sinple washing by neans of a stream of

" wat er and/or of a gaseous fluid such as air. This regeneration step' could
be perforned 5 periodically, in particular taking account of the vol unes of
water treated and the seasonal variation of their manganese concentration.
Accordi ng to anot her enbodi nent, the said regeneration step could also be
performed when the said p 10 filtering material bed reaches a predeterm ned
| oss of | oad. Monitoring, continuously or by sanpling, of the residual
manganese concentration of the treated water may indicate a | oss of |oad of
the filtering matBre abhtS5eanddwdinfi abootf alatesitsy oanto hraegbmesat e ft he
filter bed. Ac ordi_n

firs odi nent, of the regeneration step, the
sai d washi ng° 1% p@?F%ﬁﬁﬁ}%oﬁﬂ?g} ﬁﬁ%%n?nﬁgqqﬁff?gﬁgg?\&ﬂeﬁr§o %
treated 20 whddddndde googidé!ded bedridceer dbhgots Ayaesgndeerodiement of
the regeneration step, the said washing is effected cocurrent with the flow

of wat er tc)mﬁﬂmﬁ%%n%ﬁlvM@?ﬁrPt?@@%%iﬂ:fth@ehaﬁéﬂeSQSQA§ééﬁdlhQaPOGa

pref err ed solutiyof ! B8 EOREDIRT flad AR I3 &1L Aho A4 0 o1 BRARALY

manganese di oxi de grains are associ a east “one eria

chosen from@monintbeal opbawingenatied alisst zilsanihn 3&nd anéhiaithel -

grains of aCtéggrggign capa%lty of the material to be maintained.
Because of this, a negligible or zero consumption of
the materials 1s 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



- neutralizing material. Advantageously, the nethod conprises a prelimnary
"~ step of crushing and screening the manganese di oxide so as to obtain a
particle size of 0.3-1 mm 5 It will be noted that, according to other
enbodi ments which may be envi saged, the_.crushing and screening could vary
in order to obtain a different particle size according to the desired
filtration. The nmethod preferably includes a supplenmentary 10 step of pH
adj ustment of the said water by a treatnment with air, caustic soda, or line
water, upstreamof the filtration step. The said associ ati on advant ageously
conpri ses byfvbtemengs%85e rdfal r conzdsedi my vicded comtteirriq) arsd rBH%HE5 5% of
manganese oxi de g ains. The said_associ.atiop preferably conprises about 70%
of iron-based PV ded atd Al BRGSABG %bghoﬁﬂﬁﬁHb%nég% g?BQPaésﬁrains,
Accor di ng t od asx eadogs mest théheasai nStrp gPi6eNsbstitAgnsausi ng the water
to pass through at least one filtering material bed is perforned at
at nospheri ¢ pressifeer$ingt kpsastepeveutivarharaatevdlsyibe poehotimed under
pressure, ac L e i ) The_sai d st advant ageousl y
consistiﬁb o} 9%§s§?ﬁ§9sg?§6€§%8rq%@%?ﬁg?f|8%%9 oﬁ% gég”bfﬁgﬁFPéﬁgﬁg
material is peisoaoed astanaadsorbhehttime of 30 seconds to 10 m nutes. The
met hod may be use eitger by means of filters 30 operating at atnospheric
pressure, or by reanst FnﬂiYR%rQHBGgF%ii%@tﬁHHéFhﬁfé%%%?%?tergséﬂﬁbr
characteristigs mafgadyast agesiat theskAvept kAR Whbh iMane Glearly hecome
apparent on reading the follow ng description of several enbodinents of the
i nvention, gf¥eRLB§Lwagnef aliscusts &1 vaxid@npl eBhandrinaipheutfl iifst at i on
with refieyen : nyi:ng dr.aw -Flgu shq fi.rst
enbodi rrelﬁj{ o‘?g%%lPY%ggstg?iggfmg itl%f oérh?l\g%:ﬁo o?ﬁégoé%aﬁaerrg\%gﬂé@éfcand f or
el i m nati on ef farcdeni cbaadoret ngwiaht hes | nuenyiaors sdOtireadd€h shadwater to
be treated a?pends thraugﬂ %he filter, and - Figure 2 shows a second

e

enbodi nent of & GRPE3B a3 PRt EReCRRRRE L4E¥cOAdEPENT Ough

the filter. AStépihherbrdusining Matersigsateent - upht shewpsehamatd cal l'y
in Figure 1, the water is broé?%; by a J%?El into the filtbr g,n%%:ch i's
open in the PregeReseadessphiedi §n hRheavabspheric pressure, but which may

be of any other type.jn Q&S em@%yéﬁgg§'<dioxide has an oxidant
action for dissolved manganese present in the water to
be treated.
It will furthermore be noted that this manganese
dioxide is 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;03 thus produced progressively coats
the grains of material.
30 According to an advantageous solution, the method

comprises, when necessary, a step of regeneration of



20 The filter contains a filter bed consisting of a m xture of about 70% by
“volunme of ferric hydroxide grains and about 30% by vol unme of nanganese
dioxide grains. It will also be noted that in other enbodi nents which may
be considered, particularly as a functign of 25 the iron and nmanganese
contents of the water to be treated, these proportions could for exanple be
reversed. More generally, the bed contains, by volune, 5-950 iron and 95-5%
of manganese. The filter nedium 3 is supported by a perforated 30 or
fringed floor 11. Furthernore, note that the filter 2 is provided with
convent i onal tleerpsypiing fithherlded, 1fetfiorhedcdase sfimphe opeshingt ey shown
in Figure 1, the ma%er fl ows by %raviky thrg?gh the said filter bed 3 and
is coll ect ed@?™? h8Tbdse® bf S ¥ He Ofi A hy2 R PEaldd ha¥BFeBUEI fllddtt 4. An
overflow 10 $sciproyiged. 5 if needed. Upstreamof the filtration, the water
undergoes if necessary a pH adjustnent step by air treatnment. This
adj ustnent i s perftfedrngdgenerpiism t hetaat ecqwl@e breeatrsir ferheldow 7. 2.

Such an adj -i f or.ned i n.aiJ. conpressor. 5 d,an air
filter G%Cotﬁéegtfg lt(%l?ﬁ;e’ vval{%rp%%g&t%‘;d‘%c f%]qlon%r St fqaflnt écj!’errat erial

regenerati onyollmeesnbf Watea washitigl airnd bolest seadosanneetredttiona gfuct 8
opening into the base of the filter 2. 15 In this manner, the washing air
i s conveyed BRethe"RBIRNEFReCORCERPERLERNY from the washing water, into the

filter bed 3, count@breMIIEN b0 Lhe WLl Lohsiineaked. dhe waghipg vater

is collected by a drain duct 9. 20 To denonstrate the effectiveness of the
met hod accorB¢sgnevatheni avent conldusédowbehpemdoumed stenn tihe Bagure |,

th : ' tent f the, t dth
Bl cat od "t of  hosr CRAcPo A tal B e TRl | Lo e bk TRARGAndee s Gioval 25

and arsenic kbadination in surface water. In this unit, the contact tine of
the water with the filtration bed js of the order of 3 mnutes. However, in

ot her enbodinenté%oThEoﬁbﬁﬂactCQ¢ﬁ%n%ﬁﬂFHybé”be?ﬁeéﬁ“§@j§ébpn@§ ah¢ 10
mnutes, as Ee?f;&'Hﬁéloﬁa%fga??ﬁéléléwcéﬁgé'hfﬁgtE?SBC%'}{ agte redugthgn,and f he

desired residual content.
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.

ce 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 assoclated with at least one other material
chosen from among the following materials:

- sand,

30 - anthracite,

- grains of active carbon,



Whi | e t he manganese content of raw waters varies between 40 and 410 ug/ 1,

"the effectiveness of the method is observed with a residual content of the
treated water constantly below 10 pg/1l, or a reduction 5 of as nuch as
97.5% 1t is thus clearly shown that the nethod which has been descri bed
enabl es the reduction of nmanganese and 8rsenic content of waters to be
treated, which may show consi derabl e seasonal variations. 10 Wth results
equi val ent or superior to those of prior art techniques, the nethod of
using a specific filtering material avoids: - recourse to oxidants, both
for the fi|tlaﬁé@ﬂr§1@@lﬁgdm£@éribhter bed regeneration; 15 - recourse to
an exacting and costly preparation of a filtering material, as is the case
for the prior solMYaRsaImREeEYi nEheoMELHake COMPTA SR eh Prefldmdmec uner al s

| dentcall 0548996 OLFLAYRG knloBRLBoRI B LIE A0 BLSIP NS RN gal or

simlar tot fgure 1, e water |'onger passes on a descendi ng
but on an asgentongbpaih shpenghcilbesfiikt ef bed-1Fem.this purpose, the duct

1 arrives in the omer Eart on of the fiJlter 2, while the drain duct 4 is
providedn its 25tuppéd ofotREhi hy2sr t REFITTERTt akBs BEREE by

co-current ighBehifRn@fs %chﬁﬂd{t@? ¥e WasHivaLer, e féLishilgd 3
conposed of an upper layer 3a of ferric hydrOX|de grains of density about

1.2-1.5 30 represeaniong-abbdit V3% ofn t hedeat at o velbtiad rofa t Hé fifielneart bed 3,
and of a Iogﬁérgigﬁarggzgfagggg 068C+ o %ée %%6qug%§h@% 9f density of the

order of 4 ness grea er than scalé, representlng
about 700 of the Thealmetthouie pofe idwablyt emdieddes k3 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 said association advantageously comprises by
volume, 5%-95% of iron-based divided material and 95%-
15 % 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
salid 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.



CLAIMS 1.. Method of treatnent of waters, in particular to reduce their
"iron, manganese and arsenic content, characterized in that it conprises at

| east one step consisting of passing the said waters over at |east one 5
bed of filter material (3) conprising association: - of at |east one
iron-based divided material in the hydroxide, oxide or netallic state, in
the formof particles of dinmensions 0.3-2 mm- - of manganese di oxi de grains
havi ng an apparent 10 density of the order of 2 and a hardness greater than
6 on Moh's scale. 2. Method according to claim1l, characterized in that the
said iron-based dtheed antenicale nisedi s nmahdl | helviamtagdsd 3o fMethed
according to, claim 2, characteriz%d in that the said iron-based divided
material usedP TS FHOR nBLtbr BPEF CiFRRgY SRFBIE ARRAT M/ OF FBRASNI4.

Met hod aCCO“EHéEEéI&é%f%%?ées&ﬁ@ﬁ@&éﬁrbEeer@r&PaémBBSiMéHBsb@?e@hg'V'ded
material used is in the 20 hydroxide state. 5. Method according to claim 4,
characteri zethventhan, t lgé Vierorbhawad difyi dbluabrarize wwinpkes nanbe form
of graing of ferric andior ferro yd ide . 6. t hod according to any
one’of crar i i€ B0 £ B! PHE AW et an Yo B EotaBPTRREN e

i ronbased diatagetng®t erial and of nmanganese dioxide is in the formof a

m xture of iron-based divided material and nmanganese di oxi de grai ns. 14
7. Method accordimg K698R§ ohe ®NO¥RFai Az £15STch&MRIGFTOBE i ATt hak the
sai d associ af @hsPF1khfonhased i videdy 4t gki @Llro@g‘%(rmar}gé"ﬁ‘?éﬁ dioxide is
present in the formof a superposition of |ayers 3a, 3b o? 5 1ron-based
di vi ded mat efonl edhdivétiangafesesdirdd decqpaiisg 80 tkehddvaotdeding to
claim7, characterized, n th th ai d_associ.ation of_ iron-based, di vi ded
nateriaﬂg anﬁnorﬁ%gﬁggﬁgéew%?%§i&§ ﬁ?epFEE% ?diﬁ%ﬁ%g ?Qﬁ%¥%ﬁ gﬁeupper

| ayer (3a) ofiiten; based divided nmaterial and a | ower |ayer (3b) of
manganese di oxi de grains. 9. Method according to claim8, characterized in

that the said asschégPBﬁ afSPPH§-@wﬁﬁPQﬂQHQRQPQEW?&Ee?faP HAdtn®dganese
di oxi de graipgei §;Ree%8Pe i#h tiM€ich the water descends through the

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, which is open in the present
case, that is, at atmospheric pressure, but which may
be of any other type in other embodiments.

20 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

25 the iron and manganese contents of the water to be
treated, these proportions could for example be
reversed. More generally, the bed contains, by volume,
5-95% iron and 95-5% of manganese.

The filter medium 3 is supported by a perforated

30 or fringed floor 11. Furthermore, note that the filter

2 is provided with conventional emptying means 13.



formof a superposition of an upper layer (3a) of ferric hydroxide grains
and a lower |ayer (3b) of manganese dioxide grains. 10. Method according to
claim9, characterized in 20 that the |ayer of ferric hydroxide grains has
an apparent density of about 1.2-1.5. ﬁ§ Met hod of water treatnent
according to any one of clains 1-10, racterized in that it conprises,
when necessary, a step of regeneration of the said 25 filtering materi al
(3), performed by sinple washing by neans of a stream of water and/or of a
gaseous fluid such as air. 12. Method of water treatnment according to claim
11, characterizedr nthidatasdeofashengpes [ferlfrrymesh@in connfFeguedroent to

the fl ow of W%ter to b% treafed within the said filter bed. 15 13. ©Met hod
accordi ng to-R% ¥#e4, LLRYFa Feﬁ?ﬁ&iqﬂ1qqﬁﬁuqqu$gﬁu%P%%sﬁFﬁEerbﬁérforned

co-current v&thnyhe; §1 ewiafehatr ato Q?etb%%teedoi“ttmen Hﬂ?té%‘ do§ gt er bed.
14. Method of water treatnent according to any one clainms I-

char act eri zer¢gteharatdre pnbhetindnor ﬂheAhaﬁganéQQWdﬂéxﬂdepgpandsdare
aSSOCIat%d\Mffh%%d% ast one other material chosen from anong the follow ng
material S: - - anthracite, - grains of active carbon, -
neutralizing nat efpsiredd. offethedfbitnat eonf r eatneateacoandirggekoigny one
of clainms 1-14, characterized jn that it conprises a 15.§Belln1nary step of

crushi ng andi@c?28AT hgRoPHetfHhEsReRt oRFAB P Gridert¥@2EBeRrn ANparticle
size of 0.3- &dmtﬁk@nt'\/&tsh%pfomé@r 1T @3ldTENE geCepdl Waddr aby gae of

clains 1-15, acterized'in that the said associ ation I ron-based
di vi ded natetr@ﬁta@dlzobmdmgahbS% dSoxhdengmm]uﬁtmnqtlsespbyfvmmede 5% -

950 of H@ ﬁéSﬁ%d§$Védedcg%tgégal d39 @%é %9@of g% ? es%nd|OX|
grains. “17. b Wat 8YTPF AP REN? 2REorHi AgTt 51EETmP16°EREFEE eri zed
in that the saithassscéatinpueSdaesplises by vol ume about 700 of iron-based
di vided To proceed to filter material regeneration, the

unit 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.



mat eri al .and 300 of nmanganese di oxide grains. 18. Method of water treatnent
“according to any one of clainms 1-17, characterized in that it conprises a
suppl ementary step of pH adjustnment of the said waters, 30 by treatment
wWith air, caustic soda, or linme water pstrean1of the filtration step.

16 19. thhod of water treatnent accorélng 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 performed at atnospheric 5 pressure.
20. Method of water treatnent according to any one of clains 1-18,
characterizedi|1Wﬂﬁmethhesmb@qﬂnasaunnﬂtﬁ¢ﬂgoﬁfnammﬂampiﬂevaaﬁdsmaters

to pass over, at | east ne bed mat r'aI,is erforned,_under
pressure. 2PSNERRBd ¥ ﬂ)ea{ 1 % ?r’ﬁ Ohe A EF‘Sl s

1-20, charagierhagd id b'&%tert\)”&i S@h@nstgp féﬁlﬁd@él”%&ft&@&lﬁo&g the said
waters to pass over at |east one bed of filtering material is perforned

with a 15 comtertedivater gonssteshdy belownilfuties/l, AON. A reduction
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considerable seasonal varlatlons

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 1is 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
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dioxide grains of density of the order of 4 and of
hardness greater than 6 on Moh's scale, representing
about 70% of the total volume of the filter bed.



1055

1055! ! 10955& () - 0! ! 10965& () - 0! 10%& () - 03qAWUSr S1! ! f &! 1004H&! () - 0! & 10%-HH&.
' ()- 0! D& 10%4H& () - 0! & 10%4H& () - 0! & 10%4H& () - 0! & 10%4H& ()- OAj JoPL! ! f&! 1

0%H&' s10%4& ()- 10~~ 10~~

10~~1 & 10%~& ()- 0! f & 109%4H& () - 0! } & 1094H& () - Omv} gj WUPL! ! 1 | 10964H& () - O! !
10944H& () - 0! ! 10944H& () - 0!y! 10%HyH& ()- 0!y

| 10%/HyH& ()-0'\110% H\H& ()-0j:yrP1l11110%4H& ! p! 10%4 5] 5& () - 0s109%B& () -
10HH 10HH 10HH! t! 109%4H& () - 0!} ! 109%4H& () - Oy

" #WUSPL! 111 10%-5~5& () - 0! S 10965& CLAOME10%p5p5& ()-0!t! 10%a5a5& ()-0! ~! 1

0%K5k58&' () - 0! (! 109558& () - O##g$SSS$$>0% oPL! KKL0%&' () -y  10%&' ()- 10~5~5

10~5~5

10~5~5!1} 1 10%-5~5& (me¥H kD %o udde 4 dmdH ! IO %pe £3 - 0P @&Hi'c@ié%@ pll!-" @&l
0% ()-1t!10%& ()-1k! 10%& ()- CY0% ()-h 1>%0% ! & ( wﬂMW()h
2(())))))) yXeedude gt 1 @W&'méngar@a&@fmﬁq yarsenic content

1601 1006 & (ST IEBIT 09 & T0) 01 Beot LOBETREAE o1 F adP e TP
a&o! 10% ; & ( dcﬂ&ﬂiﬂﬁd@(df,passfﬂéjﬁﬁéysmi&MWéfbtéﬁb&@96aﬁOieaéQ"Bne
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 1is
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 .

6. 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.
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based divided material and manganese dioxide is present
in the form of a superposition of layer(s) (3a, 3b) of

5 1iron-based divided material and of manganese dioxide
grains.

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.



10 10@10%& ()-f 109%& () -
' 10HH2AB<BBECCODZX6ST! ! 1 9! 109%44H8 () - +! y9! 100y HyH&' () - +! ~9! 10%HH& () - +! p9! 10%
pHOH&! () - +9! 109&' () - +! f 9! 109% Hf H&' () - +ODDAEVFWEXFYF\ F} oPT! ! | 91 10%4HL0% & ()

- 10HH 10HH

10HH! k9! 10%HH& () - +! 9! 10%HHE& () - +!\ 9! 1098HHE& () - +\ F+G GHr HI | WU3PT! ! &3" 10%b&
"()-)1\&3"109%& ()-)!y&3" 10%48S& ()-)! p&3" 109JJ& ()-) !t &3" L09NNE ()-)!f&3"10%
@& ()-) 1 JILIKKKKKWUGDT! ! 10]"]"
10]"]1"1L311094 "] " & ()-y! L3I 109" k" & () -y! &3" 10%Iu& () )1 &3" 10%iu& ()-)!f &3"

109%& () - )KKKL““““@@T*ﬁéﬁﬁbaog@cgﬁdﬂﬁ? &YElg%h&lﬁ) ha®alck@¥& Aky in

I 9I I 100 1 n &I (
| &1 109 " & (
8y! 10%" k" & §

() -1 f FLO%HHE

& ()- Nor.mal
"Headi ng 553]
"Default Par

10

15

20

25

30

- 19'110%"& ()- 10% & 10]"1"M N?OOSPP' QXV4-T
);h@tlapel@ gl Washgmg ga 1m)%'f<&r §d300&yumwtkw<&'t@) t3re

Flod S SYatlr t8 Bb: B %%%%E%Rgg%%} F1QYEE () s 10%

T9TrSl|fF10%HH& ()433M@@hﬁﬁ(¢f'WEi@%HH&eéﬁmﬁStl@%&o&hﬂth%iD%&thﬁm() S

10%

) " He d 33]¢" " di 43] c"
0f STgaingt o] c"ChFERRFRGSFc L sHth Hg 8L Eon PRRKITy 98] c” A

e apta i d &8, T4 HRNVHE "2 Adf BiskbRiERRE <with at
least one other material chosen from among the
following materials:
- sand,
- 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
preliminary step of crushing and screening of manganese
dioxide in order to obtain a particle size of 0.3-1 mm.
le. Method of water treatment according to any one
of claims 1-15, characterized in that the said

association of iron-based divided material and

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 1in that the said association
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,
by treatment with air, caustic soda, or lime water,

upstream of the filtration step.
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19. Method of water treatment according to any one
of claims 1-18, characterized in that the said step of
causing the water to pass over at least one bed of
filtering material 1is performed at atmospheric

5 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 one
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.



