; _ e3eLTLQ6T; = G 1 PROCESS FOR TREATMENT OF WATERS CONTAI NI NG | RON,
KANGANESE AND ARSENI C 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 consunpiion drinkable, by reducing iron, 5
nganese and arsenic. The principle of elimnation of iron depends on its
oxidation and on the retention of the insoluble oxides thus forned
(Fe(OH) 3, FezGs). xidation with oxygen, or with chem cal oxidants which
may be 10 consi dered such as chlorine, chlorine dioxide, potassium
per manganate or ozone, IS necessary to attain sufficient
oxi dati on-reduction potentials. The oxidant nost currently used in this
context is potassium permanganate. 15 The principle of elimnation of
arseni c depends on its chem cal oxidation and its adsorption on insoluble
metal lic hydroxides (iron or alumnumin general). The traditional
physi cochem cal nethod of manganese and iron renoval fromwaters consists
of 20 chemi cally oxidi zing the manganese and/or the iron r 2 contained in
t hem by neans of potassium pernanganate, chlorine or ozone, then filtering
themon a granular material such as sand, for exanple. This can becone
coated with precipitates of nmanganese 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 nmanganese
di oxi de on the surface of a support which may be sand, acid clay,
anthracite, zeolite, a dolomtic material, 10 etc. The nanganese di oxide is
t hen consi dered @ROgESE MO MRPAMENT OF WHTHRGS tCONTHA BN IN@EIRON jret hod has
t he maj or di sadvantage of neceSS|tat|no the addltlon at the beginning of a
power ful oxi dant such as pot asl&fi@mpers a-—free 15 chlorine, or
ozone.

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 ©f eliminaticn of iron depends on
its oxidation and on the retention of the insoluble
oxides thus formed (Fe{OH});, Fez03). Oxidation with
oxygen, or with chemical oxidants which may be

10 considered such as chlorine, chlorine digoxide,
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



A granul ar material can also be prepared starting froma mainly inert
fmterial . Conbined with finely divided nmanganese di oxi de and/ or an oxi de of
iron (Fe3~4, for exanple), the whole is bound by a cenent in 20 order to
obtain granul es of 10-60 nesh size, such,as described in the patents US
2,145,901 and GB 471 277. This type of nethod does not require the addition
of oxidant. On the other hand, it requires the specific manufacture of the
granular material, entailing 25 particular equipnment to do this and the
consequential investnent, to which has to be added the cost of preparing
the granul ar getlezingd The thevety olchas ©dr tRTLA 231 YN aBerngngppade t o

remedy the disadvaniaoes of dell clenel es fe e, PLLAR 30, AL Ly card MY €
precisely, thé o jec? of tHeihventron i's to pr%pose a physi 66hem cal

wat er treat mendteriiod senabl hsg sefifd,ci eot reemmveal e of Thien, camnpanese and
arsenic contained in waters, wthout the addition of 5 powerful oxidants.

The inventi orfd 58 h¥d thhe opF Eet taEer GV AMAQT_TEASa HEENGHE F 8F WhiSh t he

preparatien ofn4 h%f“éé@éir%% Sthal ds apBLACI Abky siymldd i adwirth

respect to the prior art. The 1 nvention also has the object of providing

such a physi cbzhesisahdiet ibdswhiccleansesid' f¢an ek i hgwhaeebralbregenesqui ri ng

heni cal tion, parti Ly, b i dant ., Anot bject of. th
Cvent on | 9 1% APBROE CHcH G5t NoR ForTuater "Ly AT RRn{ WA 61 ves

rise to no, ofiveidesSHBl khel e refce idf e i higop@t€rival chAnathee ebjrest of
the invention is to_propose such a nethod which nakes use of a filtering
material whi cdchaycheva reSitiaCHi¢ ecERQLliEem ttheded ehbifndasesiafor 20

ClaTPLE JiFAELTD PObY supLeTeabenien LiesEnl DSt W,
whi ch may be pbadiom watepsrhavEng wataapke.and seasonal dissolved contents
25 of iron, nangaqﬁiﬁsaggpgrg nh%thod has the major disadvantage of
necessitating the addition at the beginning of a
powerful oxidant such as potassium permanganate, free
i5 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
(Fesz04, 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.



The invention also has the object of proposing such a method which is
econom cal and sinple to use. These objects, as well as others which wll
beconme apparent in what follows, are attained by neans of a 30 water
treatnent nethod in order particularly tqg reduce the content of iron

manganese and arseni c, 4 characterized™in that it conprises a step of
causing the said waters to pass over at |east one bed of filtering
mat eri al s conpri sing an association: - of at |east one divided nateri al

based on iron oxide 5 or hydroxide, or iron in the netallic state, in the
formof particl es Mfrei peasisasyd. 3h2 minjecofofraihasiofienbtnganese tdi oxi de

havi ng an apparent density_of the order of 2 and hardness greater . than 6 on
Mbh' s scal e RBOPESE | P bERNGLSP SHEE LAt nECGTTt extt” 41 CERE tpr BESHOT

description "appelenly denshty «oft t henorder off 21 rdenot Asna adrNsd t wikhi ch
may vary from1.7 to 2.3. According to the invention, the iron-based
di vi ded mat erdapesed oo ainadf bhe WeE arift-al ViELPHEN thaal @Adétisneqfal to

0) or iromR oxi y i In the first case, it may be in the form of
iron fiIi%gs?b%ﬁ?%é?ff%%?é%gg?é. In the second case, grains of ferric or

ferrous hydroxi de Ty heveorciesmedl sSucta an tassochbaticon @f prowiahicg
manganese di oxi de 20 co be in the formaof a m xture of iron- a??d
e m of a

u
di vi ded mat er?afPand g?%FﬁQdoffﬁ&nggﬁé§glmﬁﬁ@(kﬁr%ﬁ?raF§8q n

super posi ti ong o ¢ bayelgs) mAft &1 based a@ipé@@ﬁawyerégﬁngaaq ileRY eRg)e 1of
manganese di oxide grains. In the latter case, the iron-based |ayer of 25
di vi ded nmat erirespést pref ehabpylidn &hé.upper position, while the |ayer of

ranganeos ot ox! e B8 TGl b0 AR 1% Ut B Id o el | ver
used, the | aysncB0aofpHesidcschydl 6xidenadidd adkanhageeiss| y Hdve ean rappar ent
density of the order of 1.2-1.5. o , ,
material not requiring chemical regeneration,
particularly by an oxidant.

knother object of the invention is tc propose such

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

Another object of the invention is to propcse 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 simpie 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 seascnal dissclved contents

25 of iron, manganese and arsenic.

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

These objects, as well as others which will become
apparent 1in what follows, are attained by means cf a

30 water treatment method in order particularly to reduce

the content of iron, manganese and arsenic,



5 The chosen specifics of density and hardness of such materials enable two
uniform stable layers of nmanganese di oxide and ferric or ferrous hydroxide
to be nmaintained. Mrre precisely, the hardness greater than 6 5 on Mh's
scal e of the manganese di oxide grains engbles the initial particle size
distribution and the initial adsorption Capacity of the material to be

mai nt ai ned. 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 constituted as consumabl es. The
principle of ¢herhoventiized i t bhatbadsedorori sb8e el igngmt bo6n cefudiren,
arseni ¢ and manganese, on the use of an association of iron-based divided

material 15 andSordahgdfeSE i 69 deagPaiMeerwitth &cdsisi PPearkERariness

enabl i ng MaNgANese | 0y DRa £ 8185 N8 Wb PoUt nhhgnaddishign qbrexi dant, and
wi t hout having to effect a chemcal regeneration of the materials by neans

of an oxi dant-cofipeundeaz@ Sumch di vetdrbdnenabl 2k hasedsochoadded wixida ron,
manganese .and_arsenj c t.o. be effi,ciently treated mean qLathese t. Wo

b
material s’ chdseRYFEP¥ 1 r Rharddter Bt itds dﬁﬁt%¥5b8rfie - Tha addiT i on of

strong oxi dantsrsueh gsrpotassi ym pemnanBganst e, 3t-peemghl ori ne, 25 or ozone
is not necessary, whether for the reduction of the iron, manganese and

arseni ¢ _cont ent °4f I¥RiNat &fs, MdRIRBESEhelhBHtRr REVEA Df 2R heé PRARSTE ng
material ; th'&ehéiwt BEPAH | FHLL BT PCAn LIRSS s FJ;E&Q@%ED%%’@”&?

met hod according to the invention oun e particularly effective
W thout its benngonésessatg.to provide the specific preparation of the 6

filtering . material_consisiing of coating,  using cenent, ap inert material
wi th araifs of manBandCt bl 08 dB°Fed s (HRE chbe TROL RO TEr Sbf utions.
According to d@;@@éﬁ%ﬂb@éﬁ@%ﬂﬁ{ ety shhEenvheRnishe b dF ohhbasededi \dded
material used is iron hydroxide, this acts as an adsorbent. According to

anot her not ewdf t Agnehasaet éensity, vhhehniayanesy diceni de 'chesén by the
Applicant acts as 2.£3f3] ¥§troaPHeak§0AT 187, 0Xhdanton TR R AP KPP 1tS
material used may therefore be metallic iron (valence
15 equal to 0) or iron oxide or hydroxide. In the first
case, 1t 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 ircon 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 diocxide
grains. In the latter case, the iron-based lavyer of
25 divided material is preferakly in the upper position,
while the layer of manganese dioxide grains 1is
preferably in the lower paositicn.
When a layer of grains of ferric hydroxide and a
layer of grains of manganese dioxide is used, the layer
3C of ferric hydroxide will advantageously have an

apparent density cf the order of 1.2-1.5.



10 catalytic activity is simlar 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 di ssolved in the water. 15 Furthernore, manganese di oxi de has an
oxi dant action for dissolved manganese present in the water to be treated.
It will furthernore be noted that this nmanganese di oxide is not selective
for manganese, and al so 20 oxidizes iron, arsenic and selenium The M2’
and Fe2' ions are oxidized by Mi02, and are deposited on the surface of the
grains of the fil t®Er¢nghosesr i specThecoverfal denxignt iaod reaudness dacti on

taking place at_the surface of t mat eri al . the sol i d25 |1 qui
i nterface, Ie%%%htgﬁzﬁg %%%n??ggi% ?%ﬁgé%%@é”?%@qﬁ?%%ﬁ%%,iiﬂ%k% fg%lid),
bot h by oxi datdmfanésé heidisdel urd renganese dedrbysr educidxdnieoftcsald d
manganese di oxi de. The Mz03 thus produced progressively coats the %{ains
of material. BOIReRRANGIPEC AR 8AVARLHgebli® SEFATESS, I05& URdt Hd@P

conpri sess When 1EGessatys o 3t o PlndRUSNSr 8t 198x0ke glaihhe aid dd I ter

bed, performed by sinple washing by neans of a stream of water and/or of a
gaseous fl ui dilseichnasiailr paFhiis leegaime adlohrsibepi enubddbehgerifnaroted 5
periodically,_in particular taking accpount of the vol unes _of. water freated
Bnd the seavattfobRFf afi SRPar ot naRGAMELE dohicent 1 Ae: B AecoId ng 1 o
anot her enbodieeatset be Seids | egenridLi PibBé eprcodb akspsbrppenhorgred when
the said 10 filtering material bed reaches a predeterm ned | oss_of | oad.
Moni toring, coR®in %1 gt spy ifanpl ewgd s of diFelR@si dualP anganésgely

concent r b on, afa L hesLoeat edo et eLoMAY ckad 631 €ra liass dhdioadl khe

filtering materia and bring about a decision to regenerate the filter
bed. 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 1is 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



According to a first enbodi nent 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. According to a second enbodi ment of the regeneration
step, the said washing is effected cocurgent with the flow of water to be
treated within the said filter bed. 25 According to a preferred sol ution,
the iron-based divided nmaterial and/or the said manganese di oxi de grains
are associated with at | east one other material chosen from anong the
following materials: - sand, 30 - anthracite, - grains of active carbon,

a - neutralizFhgtautiod ahatadvalt ageousi st ithe ot lvod tconpr i sesing  a

prelimnary sL& eg% crgghhnggﬂgdmg%re%nhpgwtFg man aHesezgi%éEp%uﬁgigs to
obtain a particle sfze of 0731 B S5 5% Wit Fobed hored that MAIEST Ihg to
ot her enbodi nentsiabi &8 mBythe eavksagedhet beierushilnmgiamd.screeni ng coul d
vary in order to obtain_ a different particle size accaording to the desired

filtration. The meRFGRTBHRdeFabRy PRENAEESYa CHAFRICEREASAYF 10N tep- Y pH
adJUSt”E“%<ﬁi£8§—§§ﬁ@§ﬁﬁf¥i§¥daﬁéé%%f@ U Wdd akr i Gaishi e, 89dae or line

wat er, upstream of the tration step. The said associ ati on advant ageously
conpri ses by Violsnect5%958moadspohebased divided material and 95%45 5% of

nmanganese oxi de gr !ns.dThe sai d_associatio &ref rabl y_comprises .about 70

%of I 1on-based dirGRihBertal 2AhE HouPOB6 O 5 nayARBSE S oo e

grains, 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 ncted that this manganese
dioxide 1s not selective for manganese, and also

20 oxidizes iron, arsenic and selenium. The Mn®' and Fe?'
icns 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 1liquid interface, leads to the formation of manganese
sesquioxide, Mn;0s; (solid), both by oxidation of the
dissclved 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



According to an enbodi ment, the said step 20 consisting causing the water
to pass through at least one filtering material bed is perforned at

at nospheric pressure, but this step could alternatively be perforned under
pressure, according to another enbodiment. 25 The said step advantageously
consi sting of passing said water over at |east one bed of filtering
material is perforned with a contact tine of 30 seconds to 10 m nutes. The
nmet hod may be used either by neans of filters 30 operating at atnospheric
pressure, or by neans of filters operati ng under pressure. 9 O her

char act eri st i €e aféd igdviaht Bges befd + heerhventicorbw BEmpdce e eaing Batone
apparent on reading khe folLoyng descrdption of geveral,enbadimants, of the
i nvention, gi'ven by way of “TTTustrative exarrp(es and & Fout I hTati on,
with referenceadio dheadeconpanyi ng drawings. - Figure 1 shows a first

enbodi ment of an industrial unit for renoval of iron and manganese and for
elinination of arsehié adCHMAGELd Ahe FhédnticGH140 PR WwiRTChIPRBSFAter to

be treated asgepdsytbnaugh the fhLten, © G E ashysea secend
enbodi ment ofsEga uni t gf gph'e sarrebtypelci n i ch the(?wat er descends through
the filter. I&lwneheofndaseri dirogdicsl andatimenseanbnashowristiematdcal |y

in Figure 1, the water 1s brought bg a,duct 1 into the filter 2, which is
open in the pt}ké%]eﬁtm%%%%?e?%a? f'gsh Fagf%Spheri C pressure, but which may

be of any other typecbrdather esbodin®imisr 2@mbwdiikkbher, comiai nsaadilter
bed consisting of a m xture of about 70%$ bé volunme of ferric hydroxide
grai ns and abdR@eBeratbyn Vel eRecorlfaAdaRede gesXicgacsr ahgd the wald al so

be not ed phate] 0 ObDgy gEbAL ABNEL MM ENHBY Deeonstderedegpaidscyarty as
a function of 25 the rron and manganese content% of the water to be
treated, theskogdoportions could for exanple be reversed. More generally,

t he bed cont ai ns, D?% vol unre, 5-950 jron agd 95- 5% of nmanganese. .T filter
medi um 3 is suppor r&llB_?/rénEerfcoCFréjijel?tlu%ﬁs ¥ {71 ngéd SASor ", 2hr (0 mor e,
note that therdsldesl2masgRir@ydesomtént 680YBAL icnalhenptybigdmeans 3.

may indicate a leoss of load of the filtering material

15 and bring about a decision to regenerate the filter
bed.

According to a first embodiment of the
regeneraticon step, the said washing 1s performed
counter—-current to the flow of water to be treated

20  within the said filter bed.

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/cor 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,



10 In the case of the open filter shown in Figure 1, the water flows by
gravity through the said filter bed 3 and is collected at the base of the
filter by a treated water outlet duct 4. An overflow 10 is provided 5 if
needed. Upstreamof the filtration, the ter undergoes if necessary a pH
adjustnment step by air treatnment. This adjustnent is perfornmed if the pH of
the water to be treated is below 7.2. Such an adjustnent is perfornmed 10
using an air conpressor 5 and an air filter 6 connected to the water input
duct 1. To proceed to filter material regeneration, the unit has a washing
air booster 7-coaneehédztogamduetri8@lopening into the base of the filter 2.
15 In this nmanner,_the mashiag air | s conveyed at the sanme tine or

separately from t VARhFAGORAL &r , PRt BEEhEY QIR I56F F RISUMTEEUY r ent

to the water tpopeckreatigindhanwashi-agalyerHes reldefdtd Pioa g alh duct
9. 20 To denonstrate the efféctiveness of the nmethod according to the

i nvention, used WPtabthaénuai pashowhei sikegefe 01 3tlhamcour se of the arsenic

and manganese contenpts of .the raw wat er d.the treated water was.observed
for a firgf applicg?ioﬁlé% ngﬁba$££%§en€§3F’25%ﬁﬁf%ﬁ%%ﬁiC%QIi%rﬁﬁ%on in

surface wat eremb8dtihies tdniihidhemagntaet efiyMBagkdt heehat eruvhtihgt hend
filtration bed is of the order of 3 mnutes. However, in other enbodi nents,
the contact tPAECEHENF HeOBHEE WEER Y301 3eOGHES ahd POLFRLTut @s AidL X Finct i on

of 30 the fquéEE;@cE@r%?EEaQ‘écB?gErﬁgi e8 and Lasidesy red egidal content.

11 Wil e the nmanganese content o w waters varies between 40 and 910
ug/ 1, the effectivehessnofhede pretfreachlh by observede s teh aupediethealt aaont ent

of e LI UL 8 GLANL Rl o 10, 0L ol 2oreliety on 8 ofope mich
enabl es the redust hor, okatRrgaNEsERIANGh Al BEHE CwE0BES N1 PRk reale s tihde
treated, which may show considerabl e seasonal variations.
filtration step.
The said asscciation advantageously comprises by
volume, 5%-95% of iron-based divided material and 95%-
15 5% of manganese oxide grains.
The said asscociaticn 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 Dbe
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 methed may be used either by means of filters
30 operating at atmospheric pressure, or Dby means of

filters operating under pressure.



10 Wth results equivalent or superior to those of prior art techniques,
the nmethod of using a specific filtering naterial 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 enents identical or simlar to those of Figure 1, the water no | onger
passes on a descendi ng but on an ascending path through the filter bed. For
this purpose, the @uberl aheingstenlshd dsowamndporadoanbhgeFe Af t dhep,

whil e the draj [ rovided.{in i+t e Lon. | f the
filter takes % %%gg 9ﬁcgié§r§gﬁ%i?ﬁ%&%%%ng%?gﬁgrggﬁg%%b%opnwa§%éé§ r. The
filter bed 3, teenposedwidhgateyppeptliayef3acatk riadr rmbduideoxide Yridiens of
density about,1.2-1.5 30 representing about _30s of the total volune of the
filter bed 3, RRENBLCH | Hietelt ap¥r WBY of L mdAdaTeSE T 1V e 4RBRILBE G ns of

density ofs thg; prdgr of ndtand of, Rardnessr9r&ater thhaneb QMRS Sepl e,
representing about 70% of the total volune of the filter bed.
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,

10 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.

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 cf 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 alsc 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.




13 CLAIMS 1. Method of treatment of waters, in particular to reduce their
i'ron, manganese and arsenic content, characterized in that it conprises at

| east one step consisting of passing the said waters over at |east one 5
hed of filter material (3) conprising am@ssociation: - 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
sai d iron-based di¥idedenateri alf mhajdﬁﬁnmitﬂtén phown 1B Figustehdd
according to claim characterized i.n th t t he s diro d di vi

mater al used TS TACERG RGV o FATHIS AtT OPIRNERS ARGRoR i SO

Met hod accordgngnd chaidBlliecthasactertfed akd hatt tdige i ran-Rasedydiyi ded
mat eri al used is in the 20 hydroxide state. 5. Method according to claim4,
charact eri zed*FR2ERat veheri PBRLBAsEHCE ¢i-déd raEahlay dded s PIIVIIRE f or m
of grainscof ferrigqagd/ or ferrous hydroxide . 6. Method according to any
one of claims 1-5, 25 characterized in that the said association of

i ronbased divided ¥mteream afdtbé fangaresendi chiedeaiter mrdeerdaramiof a

1 xt f based di t I d
7 Vot hod accORAPABSES Any DDt ERaT e SEo8, e bet F PEEHSPA - M he

sai d associ até@?ugﬁméhena@%ﬂfatﬂga 78l el pAnd FMEdEANesee di %I Ui s
present in the formof a superp05|t|on of Iayers) (3a, 3b) of
treated is below 7.2. Such an ad]ustment is performed

14

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
unit has a washing air booster 7 connected to a duct 8
cpening intc 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.



5 iron-based divided naterial and of nmanganese di oxide grains. 8. Mthod
according to claim7, characterized in that the said association of
i ron-based divided materials and of nanganese dioxide is present in the 10
f.orm of an upper layer (3a) of iron-baseg) divided material and a | ower
| ayer (3b) of manganese di oxide grains. 9. Method according to claim8,
characterized in that the said association of iron-based divided 15
mat eri al and nanganese di oxide grains is present in the formof a
superposition of an upper |layer (3a) of ferric hydroxide grains and a | ower
| ayer (3b) of mang@hbse GhexIFOGRGIR. CPOLentt tdd B oVarag st i 9,
characterized,i th t I r erric_hy i i.ns S
appar ent deng?%€wégnab%%tEﬁ%%-%&?. ﬁ%?EN@t%%% 5$H%%&€$V?%§§$né%? &%g%rding
to any one ofmethbds ils 1@bsharadt eritZedal nréhatuall cooptieses, ofihethe
necessary, a ste neration of the said §5 fi&terin% material (3),
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gaseous flsui dygugh AScRI ks 82, shethod of water treatnent according to claim
11, characterized in that the washing is perfornmed 30 counter-current to
the flow of water o be theatedearili ahrhWe shied fiblet eethedl which 15153,
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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 cxidants, 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
soluticns.

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 Dbed. For this
purpose, the duct 1 arrives in the lower portion cof 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 abcut 30% of the total volume of the

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



flow of water to be treated within the said filter bed. 14. Method of water
treatnent according to any one 5 of clains 1-13, characterized in that the
iron and/ or the nanganese di oxide grains are associated with at | east one
qther naterial chosen fromanong the fol{pwi ng materials: - sand, 10 -
anthracite, - grains of active carbon, - neutralizing material. 15. Method
of water treatnent according to any one of clains 1-14, characterized in
that it conprises a 15 prelimnary step of crushing and screeni ng of
manganese dioxide in order to obtain a particle size of 0.3-1 nm 16.

Met hod of wat@Fokxidat reraingcoddidensbdtanyonthef aidemsof- 165, and of
characteri zed,_| t he said sqciation of ,iron-based_divided naterial
and 20 nangaﬁ%%gd%ggéi&g%ﬁaﬁ%sgﬁgﬁp#?s%% g§%v&|ﬁﬁ9 36 - C5BSSE TSI based
di vi ded nat eralbuantd0958¢ - t B obtaRNganase difoxihde fgnaiens bel. Met hod of
wat er treatnent according to claim 16, characterized in that the said
associ ation 25 conprises by vol une about 70% of iron-based divided nateri al
and 30% of manganese di oxi de 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 treatnent
with air, caustic soda, or linme water, upstreamof the filtration step.

16 19. Method of water treatnment 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 perfornmed at atnospheric



5 pressure. 20. Method of water treatnent according to any one of clains
f-18, characterized in that the said step consisting of causing the said
waters to pass over at |east one bed of filtering nmaterial is perforned
ynder 10 pressure. 21. Method of water tyegatnment according to any one of
clainms 1-20, characterized in that the said step consisting of causing the
said waters to pass over at |east one bed of filtering nmaterial is
performed with a 15 contact tinme of 30 seconds - 10 m nutes.
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& ()-.'kl10%LerBiéYing POMorEEAUMyY e BEQUCURUR 1(s) ovERIBAt least one
5 bed of filter material (3) comprising an association:
- of at least ocne 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 crder 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 wused 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 wused 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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8. Method according to claim 7, characterized in
that the said asscciation 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.

2. Methed 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 c¢laims 1-10, characterized in that it comprises,
when necessary, a step of regeneraticn of the said

25 filtering material (3), performed by simple washing by
means of a stream of water and/or of a gasecus 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.
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5 of claims 1-13, characterized in that the iron 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. Metheod 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 c¢laims 1-15, characterized in that the said
association of 1iron-based divided material and
20 manganese dioxide grains comprises by volume 5% - 95%
of iron-based divided material and 95% - 5% of
manganese dicoxide grains.
17. Method of water treatment according to claim
le, 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.
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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 cf 30 seconds — 10 minutes,



