—_ _ :
PHOTOCAZML&&E AND PROCESS FOR PURI FYI NG WATER W TH SAME BACKGROUND, OF THE

| NVENTI ON Field of the Invention The present invention relates {¢f! “ﬁhoto-
catal yst and a process for purifying water by utilizing 5 the function of
t he photocatal yst. Description of the Related Art Inhabitant waste waters,
irrigation discharge waters and industrLa& exhaust waters often contain a
| ot of nitrogenous and phosphorous materials which are 10 provoking

eut r ophi cati on phenonenon in | akes, narshes, rivers, sea gulfs and bays.
The eutrophi cation causes e of v R 1 pi copl ankt on

wat er - bl oom peridiniun11angﬁiﬁgggygtﬁﬂ%HTHﬁﬂﬁéag5¢ﬁgsmaters noldy owing to
mal odor ous 2-net hyl i soborn Rﬁt'fgm WXTERIWTEH g pl ankton,

phor m di um or oscillatoriaFng a yersé?y a??%cts | nhabi tant environnent,
especially water for living. The eutrophication pronotes produc- tion of

wat er - bl oom agflckGROSNDC OFc tHEATNVENTION Nng wat ers of | akes, marshes and
rivers green or brown as 20 well as production of so-called red-water

‘col oring sea paedd o€dtheh Imvemtion nk or brown, which inpair the scenery,
consunme oxygen in waters to cause the |ack of oxygen therein. The enornous

growt h of plankton may Fhespresesd dgventilen gieliates tq ¢h phatPT he
pl ankt on

catalyst and a'p:ocess for purifying water by utilizing

5 the function of the photocatalyst.

Description of the_Related-Art
Inhabitant waste waters, irrigation discharge
waters and industrial exhaust waters often contain a lot
of nitrogenous and phoséhofous materials which are
10 provoking eutrophication phenomenon in lakes, marshes,
rivers, sea gulfs anﬁ bays. The eutrophication causes
enhanced growth 6f plankton, picoplankton, water-bloom,
peridinium, and algae, which renders the waters moldy
owing to malodorous 2-methylisoborneol given off by a
15 kind of plankton, phormidium or oscillatoria and
adversely affects inhabitant environment, especially
‘water for living. The eutrophication promotes produc-
.tion of water-bloom and limnetic red-water coloring
waters of lakes, marshes and rivers green or brown as
20 well as production of so-called red-water coloring sea
water reddish browﬂ, pink or brown, which impair the
“ scenery, consume oxydén in waters to cause the lack of
oxygeh therein. The enormous growth of plankton may

cause cloggidg of the gills of fish with the plankton



-2- resutting=in trenendous damages in nmari ne products. The extraordi nary
growt h of al gae may cause clogging of filter screens in water purification
facilities, dams and cleaning ponds to interfere with water purifying 5
treatnent. Moreover, inhabitant- waste waters, irrigation discharge waters
and industrial exhaust waters may contai-h Zuwngi such as .Eunycetes,

acti nonycetes, for exanple, nold, bacteria such as coliform bacteria which
10 may be growesiultiaigesin rerekenjous \damagesaiguhisinedpbaducts. The

M croorganlsns i ncludes not a few harnful bacteria such as infectious

di sease- causi lextracrdina uojrerth ypf caligdechay uscause d%leeguagyoﬁam | | us,
corro- sion pronoting bacteria such as sulfur bacteria, _iron 15 bacteri a,
sul f at e- reducﬁ@}ﬂﬁiﬂﬁﬁﬁ%ﬁn%linmﬂikﬁﬁe?ﬂé;fEﬁﬂ?éeﬂegaché%thﬁycéFE§
renderi ng wat er mal.odorous which have |ed to occurrence of var

di sasters. Padfid @i8aning PoRAs k9 *%ﬁﬁ%ﬁ@rgu%htﬁswﬁﬁﬂﬂspﬁﬁafﬂéPSr

containers cultivating animals living in water such as 20 fish, shell-fish,
crab, | obster %ﬂ%ﬁ} and plants living in water such as seaweeds and

ol e o one os vel! o ARG S RN 0Y YELEE dptdeat SLeLTgatic o
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contain fungi such as Eumycetes, actinomycetes, for
example, mold, bacteria such as cqliform bacteria which
10 may be grown in lakes, marshes, rivers, séa gulfs and
bays. Microorganisms includes not a few harmful
bacteria such as infectious disease-causing bacteria_
such as typhoid bacillus and dysentery baéillus, corro-
sion promoting bacteria such as sulfur bacteria, iron
15 bacteria, sulfate-reducing bacteria, slime bacteria,
Eumycetes, actindmycetes rendering water malodorous |
which have led to occufrence bf various disasters.
Particularly, in nursery regions such as ponds and water
containers cultivating animals living in water such as
_20 £ish, shell-fish, crab, lobster and frog, and plants
- living in water such as seaweeds and marine algae as
well as ornamental ponds and water baths raising fish
and the like, there are often caused contamination of
_water and evolution of malodorous gases owing to fecal
25 matter and deteriorated feed, and growth of fungi'and
 bacteria on the fecal matter ;nd deteriorated feed.
Aside from the foregoing, inhabiﬁant waste

waters, irriéation discharge waters and industrial



Aside fromthe foregoing, inhabitant waste waters, irrigation discharge
wat ers and i ndustri al 3 exhaust waters may contain oxygen-demandi ng
subst ances such as detergents, oils and the |ike, deleterious substances
such as hal ogenat ed organi c conpounds which nay'be contained in waste water
from sem conductor 5 production factories,3ard pesticides. These

del et eri ous substances nmay contani nate Iakes mar shes, sea gul fs and bays
Wi th damages texhangstivatsets vinay coptain. ofygenedamdsdwgbsubsﬁlam for
killing the algae, fungi and bacteria grown include, for exanple, 10
treatnents\Mtduahﬂas|d§$etg@mé$.copberasdlthsellhﬁd deleserdpus radiation.
In order to renove the nmal o- dorous_ substances and_ colored material s

gener ated by tsubsiapees fswegh éﬁdh%éﬁgeﬂﬁﬁedfGFgékaﬁpFemPQHnéﬁs8Pﬁﬁmbn

nmet hod with activated carbopns_has been eng ¥eg. 15 Partlcglarl
purification MAY BYGRNERLIGED IRVRBEC: FBRRFkEC™ AERLFRRANLGEO, |vers mhlch

T e S A0 SRR E B En s B U2, el BB P
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ability of d‘H%ﬁé”ﬁhﬁﬁ”@%ﬁé&gs'Eotafgﬁﬁﬂgﬂﬁtl@@lﬂén@herein.
The methods to be employed for killing the
algae, fungi and bacteria grown include, for example,

10 ' treatments with chlorine, ozone, copper sulfate, and |
ultraviolet radiation. In order to remove the malo-
dorous substances'and colored materials generated by the
algae, fungi and bacteria, for example, an adsorption
method with activated carbons has been employed.

15 .Pa;ticularly, water purification facilities drawing

" waters from_lakes, marshes and riQers which have been
seriously contaminated have expended substantial effort
to improve the quality of the waters by introducing a

- tremendous amount of aétivated carbon.. On the other

20 hand, an attempt has been proposed to effect sterili-
zation or deodorization by making use of high reducing
abiligy of electrons generated in the cbnéuction band
and high oxidizing ability of holes generated in the
valence band due to the light excitation which maf be

25 lcaused by irradiating photosemiconductor particles such

as titanium Ooxy compdﬁnds with light rays having an

energy exceeding the forbidden bandgap.



and hi gh oxidizing ability of holes generated in the val ence band due to
the light excitation which may be 25 caused by irradiating

phot osem conductor particles such as titani um oxy conpounds with |ight rays
havi ng an energy exceedi ng the forbidden bandgap. -4- The aforenentioned
techni ques using treatnents with chlori negand ozone can reduce the anounts
of the algae, fungi and bacteria in an insufficient manner to achieve a

desired effect. In addi &?@”a&%ﬁﬂ%ﬁ&@%&ﬂ@@#f@sﬁg (G H &tk £
extended period of time tor the treatnments and residual chem cal conpounds

in the treat egiwht ehlotiineh 2F dpdrd @ adis abaad i saideits sef Ve or

compounds derived therefrom The adsorption techni que using activated
carbon can nojlgabi,efangit iand battedrda din tare ialgeEfidient mawhémcteri a,

t hough it can reduce odor and col or. The aforenentioned nmethod using

phot oseni condachdeveaat idelsdy est efifedtshednt reddirtexamerhey mayepsyducen
containing dispersion of ultra-fine particles of photosem conductor in
order to ehhapcobflemsl®futriequiating asf fextiendsd @enind |9fHime£or ribeli at ed
as well as the photocatal ytic function of the photosenj- conductor
particles. FoEreptmentss@nd mesigwaloshanicah®eRRpunds (it e nust be

separated fromthe treated water ,syste and this,separation is extremnel
P treated waters which >fnay rLBe tr]'xe used cel'Pemificals- them- y

selves or compounds derived therefrom. The adsorption
technique using activated carbon can not achieve extinc-

10 tion of the algae, fungi and bacteria, though it can
.reduce odor and color. The aforementioned method using
photosemiconductor particles accomplishes the treatment
in the system containing dispersion of ultra-fine
particles of photosemiconductor in order to enhance the

15 utilization'efficiency of the light rays irradiated as
well as the photoﬁatalytic function of the photosemi-
conductor particles.- For this reason, the photosemi-
conductor particles must be separated from the treated
water systems and this separation is extremely

20 difficult. Thus the method has not found practical
application.

The present inventors have made an intensive
research to develop process for purifjing water by
achieving extinctioh of harmful organisms such as algae,

25_'fungi and bacteria and decompgsition of deleterious
substances taking acéaunt of the photocatalytic function
of photosemiconductor particles. As a result, we have

found that (1) the use of composites comprising various



20 difficult. Thus the nethod has not found practical application. The
present inventors have made an intensive research to devel op process for
purifying water by achieving extinction of harnful organi sns such as al gae,
25 fungi -and bacteria and deconposition of del eterious substances taking
account of the photocatal ytic function &f sphot osem conductor particles. As
a result, we have found that (1) the use of conposites conprising various

supports havi g gt 05 HA ¢ DORG UshetoBemi E6h@ace8POpat ellclest Bepbsitedaces in
order to facilitate the separation of photosem conductor particles to be

used as phot o-orx e ystshepdcesoincordeents ghcabisatenthedsepacationdf 5
the conposites due to collision with one another and contact wth the
treat ed wat er oft hpbosenibgndettasepattpbdesseni benusedoaspphotores from
the surfaces of the supports and exposure of the faces on _which no photo-
sem conduct or qa%alyst leadspbei eegurraeeehpfcabsasionoapddfzacsuren of
phot ocatal ytic function of the conposites in a short period of tinme, while

the use of 3 ndifrF@mPRS btes pduei EPeSoAIigirRr HALhy BNE€UBPBFREraRNG s ret en-

ti of the photocatalytic function of the conposites.fqr,a prqlonged
pgspod of tjEL?QR&?EFt%ﬁ%%et%ﬁoFggaigasﬂﬁFESna EgbpagéﬁaiEVegeggﬁé i ©Fd on

the pores andigroyold: QlndliSebPOpaRRt 818" B3P RRE' ShiRackd) oF TSIt oM
‘supports and exposure of the faces on which no photo-
semiconductor particle is deposited, thereby cause a

10 reduction in photocatalytic function of the composites
in a short period of time, while the use of inorganic
porous particles as alternative supports allows reten-
tion of the photocatalytic function of the composites
for a prolonged period of time owing to the photo-

15 semiconductor particles deposited on the pores and/or
voids of the inofganic porous particles; (2) disposition
of such photocatalysts in the places capable of cdming
into contact with the water to be treated and subsequent
irradiation of the photocatalysts with light rays

20 containing ultraviblet radiation enable the killing of
algae, fungi and bacteria, &eodoriiation, decoloration,

~ and decomposition of deleterious substances to be
performed easily and conveniently, résulting iﬁ purifi-
‘cation of the treated water; (3) moreover, micro-
25 organisms having a function of water purification can be
| immobilized on the iﬂérganic porous particles together
with deposition of photosemiconductor'particles sb that

both the photocatalytic function of the photosemi-



of such photocatalysts in the places capable of coming into contact with
the water to be treated and subsequent irradiation of the photocatalysts
wi_ith ['ight rays 20 containing ultraviolet radiation enable the killing of
al gae, fungi and bacteria, deodorization, decoloration, and deconposition
of del eterious substances to be performed @asily and conveniently,
resulting in purifi- cation of the treated water; (3) noreover, mcro- 25
or gani sms havicundudtortpart bélest and pthef waher opucafipstionofunctde®rnon t he
i norgani ¢ porous particles together with deposition of photosem conductor
particles so tafatthmtmicreoppanbsms acgni facihitass thet purpfdcasden of
conductor -particles and the water purification function of the

ni cr oor gani smwaker firiashert iperpedi efchimen oThRapPELSPAtaigNsntican | od
of time. The present jnvention is conpleted, based on these {indings and
further 5 invest GRERIRteSURRREY en gﬁﬁ??hﬁ%ﬁ##éﬂ?Aﬁnéb?B FLSF t he present
I nvention i Lo‘provjdeta $hotocatalyst capabl e of exhibiting stable

phot ocat al i FTAETIIREIRP an ext ended period of time. 10

Anot her object of the present invention is to provide a photocatal yst
conprising inorganic porous particles having photosem conductor particles

deposited on dHuMadst &F PPk PhRvENSISH' faces and at least a part

An object of the present invention is to
provide a photocatalyst cépable of exhibitiné stable
photocatalytic function for an extended period of time.

10° " Another object of the preéent'invention is to
provide a photocatalyst comprising inorganic porous
particles having photosemiconductor particles deposited

- on at least a part of the surfaces and at least a part
of the walls of the pdres of the particles.

15  Still another object of the present invention
is to provide a photocatalyst comprising inorganic
porous particles having photosemiconductor particles and
microorganisms possessing water purifiéation activity

~ deposited on at least a part of the surfaces and at

20 least a part of the walls of the pores of the particles.

Still another object of the present invention
is to provide a process for purifying water comprising
the steps of disposing the photocatalyst as described
‘above in the Places where said photocatalyst comes into

25 contact with water to be tre;ted, and then irradiating

said photocatalyst with light rays containing ultra-

violet radiation.



of- the walls of the pores of the particles. 15 Still another

obj ect of the present invention is to provide a photocatal yst conprising

i norgani ¢ porous particles having photosem.conductor particles and

m cr oor gani sns possessi ng water purification activity deposited on at .l east
a part of the surfaces and at 20 least a part of the walls of the pores of
the particles. Still another object of Thé present invention is to provide

a process for purifying water conpri si t he s of disposing the

phot ocat al yst. as descri §Eallb698rggﬁrt Rg%ﬁlcé"cé’?%ﬁ’@r@r?éi H&‘%&ﬁ’eﬂ‘}/st

cones into 25, contact mﬁ%h wat er to b% treated, .and tq?n i rradiating said
i

phot ocat al ysti%i ¥R PFEKLdRafs PIOGESSHE RUTAEY DAL AMBIGHFINT gt |
th bj t.of th t i ti [ { [ )

Dur fyi ng ot EhS cahBBrPLPE,ainpoRi SR Bt shardeipli AE ARG o,

d | bed ab | ' ' t act

wih water ot ipevh, 4t she’ BIRcHATWREIY Halll R MRy Ronidl Akt ¢

i ght raysscoaaatabeggglty g‘art):\é'r()lt%t DAt At | Qi i U figat i on

of the treated water h hot ocat al ytic function of the photocatal yst as

vel | as the pysidi pAbteBathlifae WitH adght wailvey donddiniwy er1dxyg< fication
activity of the mcro- organisns deposited on'the photocatalyst in the
regi ons violet radiation to perform the purification of the
treated water by the photocatalytic function of the
photocatalyst as well as the purification of the treated
10 water by the water purification activity of the micro-
organisms deposited on the photocatalyst in the regions

not exposed to the light rays containing ultraviolet

radiation in the same reaction systemn.

BRIEF DESCRIPTION OF THE DRAWINGS
15 Figure 1 shows a schematic view of the water

container used in the tests conducted in Examples.

DETAILED DESCRIPTIOﬁ OF PREFERRED EMBODIMENTS
The process for purification of water in
accordance with the present invention is most suitablé
20 for the purification of waters such as waters of lakes,
marshes, rivers and sea, waters usable directly or
indirectly for 1life such as water in a reservoir, for
' example, storage tank, water or warm water supplied from
solar heating Systems; water in air conditioners, water
25' for Bath, watgr for pools, water supply, drinking water,

and the like, those in nurseries raising animals living



not exposed to the light rays containing ultraviolet radiation in the sane
reaction system BRI EF DESCRI PTI ON OF THE DRAW NGS 15 ~ Figure 1
shows a schematic view of the water container used in the tests conducted
i N Exanpl.es. DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS The process for
purification of water in accordance wth tghe- present invention is nost
suitable 20 for the purification of waters such as waters of | akes,

marshes, rivegn ¥atersa waktie watsrd! such r&stinhabitant reasty hateki &8 such
as water in a reservoir, for exanple, storage tank, - water or warm water

suppl i ed fromaseohadal i ficons \ddmest ivalbfe | waste Cwatiet i exkaastedt er 25
for bath, water for pools, water supply, drinking water, and the |ike,
those i n nursdrioas galifsilninles) nendustrial) waste water andsthewdikes such as
i nhabi tant waste water as discharged fromdonestic life, waste water
exhausted from gol f |ini@he ipliakncatalysts oficthe presemt ingentipa
photocat al ysts of the present invention 5 conprise inorganic porous
particl es BavicRpRSHASINATIANAR (RRT S tPAYeicRPORRYE™SONn at | east a part

of the surfaces of the inorgani c porous_ parficles apd at | east a part of

the wal | s of PHOEOSERyGRN QBFt$kﬁ§%ﬁ%£hﬂé??€%+5?$y?np?Efg??ﬁ& 2

photocatalyst g ane 0 i SSurbslds 1 0F Bl 85n8PgaRcV8bE8us’ phPE1LRRLIAM ©
and at least a part of the walls of pores and/or voids
thereof. Particularly} preferred photocatalysts are

10 those wheré the pores and/or voids of the inorganic

| porous particles are filled with the photosemiconductor
particles. As used in this specification, the term
"inorganic porous particles", which can be used in the
present invention, designétes to inorganic particles

15 having pores and/or voids (referred to simply ﬁs pores
hereinunder) theréiﬁ; including naturally occurring and
artificial mineral particles. The naturally occurring
mineral particles to be used include, for example, |
porous rocks such as andesite, dacite, rhyolite, shale,

20 sandstone, and conglomerate, materials containing poroué
rocks such as pumice tuff;_mudstone,_pebbles; sand,
silt, clay, and volcanic ash, scoria, scoria tuff,
scoria-containing materials, fired pearlite, fired
obsidian, fired pumice, vermiculite, zeolite, mica,

25 coral sand, seashell, bakuhangeki (main components:
about 70% SiOz, .-abou_t' 14% A1703 and about 2-3% Fe;03) and
the like. Artificial inorganic porous particles to be

! used include artificial aggregates such as artificial



porous particles are filled with the photosem conductor particles. As used
in this specification, the term"inorganic porous particles", which can be
used in the present invention, designates to inorganic pafticles 15 having
pores and/or voids (referred to sinply as pores herei nunder) therein,
i ncluding naturall'y occurring and artificmal mneral particles. The -
naturally occurring mneral particles to De used include, for exanple,

Congl oner al o, DYBLER a P AbAERA AREEIss e AR, fandr & T

| g porous rocks su as pumce tuff,

coor | o cont ai HERBLAREoAPARE SorEcendlY| AR0ATTTCS T0s SO To0 pum ce,

scori a-cont ai pearlite, fired obsidian, fired pum ce,

verniculite, ggghl ;g&oag%%g?;ggs%ﬁasaadmsamefkombmmusmm n

conponent s: out /6[err] and about 2-3%([err]) and the
like. Artifigbako)n)OCRYSVARIO (@ i) aFdnpsdresn t 0z tebarste B6+BT 4108102+t i fi ci al
aggregates such as artificial -9- pum ce, artificial_gebbles, artificial
sand, and BESAbbuE GAFiw Matgoaad aboalkolt-3R0Re2055] avabdables&rpay r] and.
about 5% [err]; avail able from JAPAN MESALI TE KOGYQ), CRYSVARL (nmmin
conponents: aNITTESSBINIEISTRY Y, poxeus 3lassd dosl GHR%®  1PQTPPE ] ;
avai l abl e-from NI TTETSU INDUSTRY),‘forous | ass, hollom/glass por ous
: blocks, porcelain, and the like. Other inorganic porous
particles such as ceramics, for example, synthetic
zeolites, foamed silica, activated carbon, charcoal,
10 carbon, cokes, fly ash, blast furnace slag, foamed
concrete (ALC), light weight concrete, and the like may
be used either intact or in the form of pellets or
moldings. 1In the present invention, naturally occurring
minerals are preferred because of having higher void
15 wvolume and being'inexpgnsive.

. Photosemiconductor particles having photo-
catalytic function include known photocatalysts such as
titanium oxy compounds, zinc oxide, tungsten oxide, iron
oxide, strontium titanate, molybdenum sulfide, cadmium

20 sulfide, and the like, which can be used alone or in
combination of'two or more. Particularly, preferred are
titanium oxy compounds having a higher photocatalytic
function, higher chemical stability and being harmless.
As used in the present invention, the term "titanium oxy

25 compounds" refers to those so-called titanium oxide,
hydrated titanium oxide, hydrous titanium oxide, meta-

titanic acid, orthotitanic acid, titanium hydroxide and

thé like, thé crystal form of which is not critical.



bl'ocks, porcelain, and the like. Qher inorganic porous particles such as
ceram cs, for exanple, synthetic zeolites, foamed silica, activated carbon
charcoal, 10 carbon, cokes, fly ash, blast furnace slag, foaned concrete
(ALC), light weight concrete, and the like nay be used either intact or in
the formof pellets or noldings. In the pr?ﬁ i nvention, naturally
occurring mnerals are preferred because havi ng hi gher void 15 vol une

and bei ng. | neXRENSL ¥ean FR! 836 ERBEHARGT AR BbEGRCRAPaenBrBGbaY ot al VL c

function incl otoc such as titani Gm oxy conpoundS, zinc

oxi de, tungst%}%fgéggandr?h Q?ﬁggy aﬁrgﬁbhﬁmmglthaagte For! éhﬁﬁ@l}_@,swnfel de,

cadm um 20 can be used alone or iIn

conbi nat i on Ofméy\lhﬁﬁe NMéRtiBAr bECYhar méthbAsf Gheed 319 titanium oxy
conmpounds havi | gher photocatal ytic function, higher chem cal

stability and éﬁm hasNkgeh. aéstuﬁﬁdy&nshhtapéeseﬁtanﬂumnthdoxlﬁha term
"titani um oxy 25 conpounds refers to those so-called titani um oxi de,

hydr at ed ti% anamdn oxgarichydtanium tanpoondsi dee hydxolyizedniin ddied,
orthotitanic acid, titani um hydroxide and the |ike, the crystal form of
which is not cpreseace of seeds. fvhenﬂCﬁSﬁteﬁﬂox}fc@#ﬁ@ﬁﬁé§¥hs(380@@ may be

roduced by any one of a variety of known nethods. For exanpl
P Y glkall is added t% titanium compounds sucg npt%tanfi

sulfate, titanium chloride, and organic titanium
compounds in the presence of seeds for nucleation, if

10 necessary, to neutralize, (3) titanium chloride, organic
‘titanium compounds are oxidized in vapor phase, and (4)
the tiEanium oxy compound ogtained in the processes'(l)
or (2) ‘is fired. In particular, the titanium oxy
compound produced in-the methods (1) and (2) are

15 preferred because of its higher photbcatalytic function.
Improvement in pﬁotocatalytic function of photosemi-
conductor particles may be achieved by goating the
surfaces of the photosemiconductor particles with metal
such as platinum, gold, silver; copper} palladium,

20 rhodium, ruthenium, and/or metal oxide suéh as ruthenium

| oxide, nickel oxide and the like.

The present invention provides a photocatalyst
comprising inorganic porous pérticles having photosemi~
conductor particles and microorganisms capable of purify-

25_'ing water deposited on the surfaces and the walls of the
pores of the inorganiﬁ porous particles. Microorganisms
ha§ing water purification function to be preferably used

include at least one selected from the group consisting



nmey make nention of the nethods where (1) titanium conpounds such as
titanyl sulfate, titaniumchloride, 5 and organic titani um conpounds are
hydrol yzed in the presence of seeds for nucleation, if necessary, (2) an
al'kali is added to titanium conpounds such as titahyl sulfate, titanium
chloride, and organic titani umconpounds ijj the presence of seeds for

nucl eation, if 10 necessary, to neutralize, (3) titaniumchloride, organic

omanund. oD 16 bEEEd 0N (3R0GLRNEARCCRIA il Wi fdrl At uim OXY

conpound obt ai € processe Ired.. In particular, the

Litani um oxy GopEuPdapr oAeeepBel B3RP b0 ckblbrgadicals ai ity Waex T od

because of its phot ocatalytic function. Inprovenent in

phot ocat al yti Cpﬁi-'i‘fibaelea Bhakesen magobduaiceompdlilshelde bymay et tauthi eved
by coating the surfaces of the photosem conductor particles with netal such

as platinum gebdp rﬁiiﬁﬁ imReRBREh ﬁablrgémm Pt oulzo ghari cleshend whosend/ or
nmet al oxi de such as rutheni um oxi ni ckel oxide and the |ike. The present

i nvention pdovhaesng photosemabpaﬁucdtmwr pairtd clesr gegios ifeduntmra i cl es
havi ng phot osem - conductor particles and n1croorgan|sns capabl e of purify-
25 ing water depbstied contRdningf sudsizatedhaigyioorganisms fhexeidis t he

I norgani ¢ porous particles. Mcrogrgani snms _having water purificatjon
function to beoprafBetbegd G@E‘Erllﬁépﬁdépzﬁaﬂ%la Sed utdian: cantaidtiRthe group

consi sting :
: cultivated microorganisms therein onto inorganic porous

particles or those having photosemiconductor particles
10 deposited. The amount of microo;ganisme having water
purificaeion function to be deposited may be determined
in a routine procedure.
The apparent specific gravity of the photo-
catalysts according to the present invention may be
15 optionally controlled by selecting optionally inorganic’
porous particles.and fhe amount of photosemiconductor
particles to be deposited. An apparent specific gravity
of the photocetalysts of higher than one allows the
photoCaealysts to be settled and immobilized on the
20 bottom of a water-existing region rendering preferably
the photocatalysts less releasable from the region. An
apparent specific gravity of the photocatalysts of not
higher than one allows the photocatalysts to disperse in
the water to be treated or to float on the surfaces
25 thereof to achieve more frequent contact with algae and
the like to be treated so that the photocatalysts can
perform more efficiently their function, though means to

prevent the ﬁhotocataiysts from flowing out the region



of  nitrite bacteria, nitrate bacteria and sul fur bacteria. The deposition

of m croorganisnms having water purification function may be acconplished by
a et hod conprising inmersing inorganic porous particles or those 5 having
phot osem conduct or particles deposited into a solution containing
cultivated m croorgani sns therein, or a-m@E2hed conprising spraying a
solution containing cultivated m croorgani sns therein onto inorgani c porous

particles or those bavppevpaedoserheopuebeatpaystsl of thedpmesientd. The
anount of m croorgani sns having water purification function to be deposited
may be deternijw@entionr shbulld haveecdur avefhgeappatdciessdaief iof gravity of
the photo- catalysts according to the present invention nay be 15
optional |y conpreférabby 6elemmi ng wpresnabire prefexabdypOrdusopdida cl es
and the anount of photosem conductor. particles to be deposited. An
apparent specifg gnévm9§toprsﬁsrgh&ﬂoﬁaﬁsl}gpsmah Regause: #&n s al | ows
the photocatal ysts to be settled and inmobili zed 33 tgg %% & ttom

§€i¥altys

water-exist$ngr4%@?6nthﬁnBBPFHSaﬁﬁéﬂéFébP§etH@?ﬁh : q“é§§3; :
Phot ocat al yot SLEPRRERERF ERAPRT RER BREOHE B e BRBEbARal FEts TP per se
achi eve more 196quah: BEgRPashLERaRuator Bari il RCBeTAkREIRS (an |\,
the phot ocatalygt §pE2BnBei} alteRhentl, Hutsul by ohnt'ite dhad YN
0.5 to 70 $ by weight.
10 The photocatalysts of the present invention
| may be pfoduced by suspending the photosemiconductor
particles as described above in a solvent sﬁch as water,
alcohol or toluene with adding any one of various
dispersants and binders, if necessary. Inorganic porous
15 particles are added to the resulting dispersion, and if
neceésafy, subjeéted to degassing treatment, to impreg-
nate with the dispersion. Alternativelﬁ, inorganic
porous particles may be immersed in the dispersion, dip-
coated or sprayed with the dispersion to coat the
20 surfaces of the particles with the disperéion, then
dried to deposit the photosemiconductor particles on at
least a part of the surfaces and on at least a part of
the walls of the pores of the inorganic porous
~particles, possibly to fill the pores'with the photo-
25 semiconductor particles. The deposited photosemi-~ _
. conductor particles ﬁéy be fireé, if necessary, thereby.

achieving a firm adhesion of the photosemiconductor

particles to the inorganic porous particles. The firing



prevent the photocatal ysts fromflowi ng out the region nmust be provided.
The photocatal ysts of the present invention should have an average particle
size of preferably 0.1 mmor nore, nore preferably 0.1 to 100 nm and nost
preferably 1 to 100 nm because in such 5 ranges the photocatal ysts are
less likely to flow out fromthe regi on-~apg becone nore nmanageabl e. The
anount of the photosem conductor particles to be deposited can be

opti onal |y defiotphe lutioduti{ Aikaa ofuituory dey wéaBisfgiat 78 empenarohi

10 otocatalysts of the present invention nay be produced

by suspendi ng ¢ifpe raptmrmm%@rlwvm cpeefesablby cinbthie abangei ofa
sol vent such as water, alcohol or toluene wth adding any one of various

di spersants anggitile@ned f WSS Spre ferdbby 9300 ctpoBOASCLS Particles are
added to the resulting dispersion, and if necessary, subjected to degassing
t reat nent, topanhkqplarneatmislptnfdrspértcodlsp¢IQIHQt Qedygreabr ganic
por ous partlcles may be immersed in the dispersion, coated or rayed
with the diSspestient tthe outtambupoxy r ¢ampaund ?hEabﬁ?gl brckhg; mat PRE

di spersion, then dried to deposit_the photosegi condu tg articl g8, On at
| east a part ditk A& WEhcER andebrent F%aEF°§Lﬁ3r? gf ?ﬂgumané §f the

Fﬁreezhgz Ot he 100 9ANE HRLL SoRELAS CJ:?%pPQ?th' ¥nkOsbi! bt Qﬁepg{x‘f’?a\‘l‘et h

of the particles.
Chemical compounds, precursors of the photo-
10 semiconductors may be hydrolyzed or neutralized in the
presence-of inorganic porous particles to deposit the
photosemiconductor particles on the inorganic porous
particles, which are dried, or fired. Alternatively,
'photosemichductor particles and inorganic porous
15 particles.may be mixed as in a mixer, and then the
resultant mixturé dried or fired. In this way the
photbcatalysts of the present invention can be produced.
The purification of waters with the photo- |
catalysts of the present invention can.be performed by
20 disposing the photocatalysts in.the regions where they
come into contact with the waters to be.treaied such as
lakes, marshes, rivers, sea gulfé.and bays, the shores
thereof, waterways, water storages, sections cultivating
fish and animals living in water, or by throwing the
25 photocatalysts into the regions. The disposed photo-
| catalysts are then ifradiateé with light rays containing
ultraviolet radiation to activate the photocatalytic

function of the photosemiconductor particles so as to



25 sem conductor particles. The deposited photosem - conductor particles
may be fired, if necessary, thereby achieving a firm adhesion of the

phot osem conductor particles to the inorganic porous particles. The firing
shoul d be acconplished suitably by heating at a tenpera- ture of not |ess
than 100C, preferably in the range of 200io-[err], nost preferably 300 to
800C. In particular, it is preferred to dispersing to a great 5 extent the

t
titani um oxy %@mwdc@%tg%{fé%%tws OBt brdswhterandrédtedn aThel vent to

produce a titanium oxi then coating or spraying the sol on the

surface of thﬁ%ﬁ?ﬂif&f?-c6ﬁ€£iﬁ§hgcﬁnﬁﬁﬂﬁdéleﬁrEadiaelenoinbmadphoto- 10
sem conduct ors y be "hydrol yzed or neutralized in the presence of

i norgani ¢ por Gifn NArtays 68s twellbpasi Light pagsofeomcbidocescepsr Liaspes on
the inorganic porous particles, which are dried, or fired. Alternatively,
phot oseni condwliftk fbamps) cXenon Fhashahampper and BBrpuryi dABPSyay be mi xed
as in a mxer, and then the resultant mxture dried or fired. In this way
t-he phot oc& alBestsicxilahby pprefarredvanei dhgbsnrB¥spreptadning,pear
purification of waters with the photo- catalysts of the ﬁresent i nvention

can be perfor i1V bolet spadiaioReofndf8c 50atPl: 8M-n ThE ABGERT Where

they come into contact, with,the waters t tcteated such _as .
Y and the irra iatgon gme o% gge ?gh% rays containing

ultraviolet radiation may be selected optionally
depending upoh the degree of contamination.of the waters
10 to be treated. The irradiation of the photocatalysts
with the light rays containing ultraviolet radiation can
Se accomplished by any one of routine methods, for
example, irradiation from above the surface of the
water, irradiation from within the water in which a
15 1light source is placed, or irradiation of a water
container at the'side transparent walls thereof when the
water in the container is treated.
The disposition of the photocatalysts of the
present igvention in the regions as described above, at
20 which the photocatalysts come into contact with the
waters to be treated, and the subsequent irradiation of
the photocatalysts with the light rays containing
ultraviolet radiation allows the purification of the
- treated waters owing_to the photocatalytic function of
25 ‘the photocatalysts at the irfadiéted places, in addition
occurrence of deposifion on the inorganic porous
particles of microorganisms having water purification

ability grown in the same reaction regions which have



| akes, marshes, rivers, sea gulfs and bays, the shores thereof, waterways,
wat er storages, sections cultivating fish and animals living in water, or
by throwi ng the 25 photocatal ysts into the regions. The di sposed phot o-
catal ysts are then irradiated with light rays containing ultraviolet -
radi ation to activate the photocatal ytic_fyacti on of the photosem conduct or
particles so as to - 14 - effect the purTfication of the waters treated.

The |i ght Lnind.ultrav ol et radiatian i ' I

as 11 ght rays PRENPRRToPRBIERt S bst tHS At SRS I b TR 2S 10
| anps. _5.-PaLticyl ; i g o -

Ut ravtof ot raBR%E BansPLIdE dFRRR T rad o G et on

time of the |ighbahluheCtlalny Whtdd g flat 25H A DML EORDYP 6! ect o

optional Iy depending upon the "degree of contam nation of the waters 10 to
be treated. TReekibad1Y idepd¥fitd® dhEme PrdvsdHtalydtd hayhight rays

containing ultraviolet radiation can be acconplished by any one of routine
net hods, foi emagRborganistisataluo facmalmwatde murifimmtfonhe water,
irradiation fromwi thin the water in which a 15 1light source is placed, or
irradi ati on of a water cThieapresentt timyvezitdeon riansigakustirated withr eof when
the water in the container is treated.

- reference to the following examples, without being

limited thereto.

Example 1

10 Acidic titania sol (CS-C, available from
ISHIHARA SANGYO), which had been produced by thermélly
hydrolyzing tifanyl sulfate, was diluted with.water to a
40 grams/liter expressed as TiOz. Into this diluted
solution were immersed gardening pumice particles having

15 an éverage particle size of 15 mm (available from HYUEGA
SOIL Co., under traden;me HYUEGA SOIL) for 2 hours, then
neutralized to pH 7 with an addition of.ammonia_water to
deposit titanium oxy compounds on the surfaces of the
HEYUEGA SOIL particles as well as on the walls of the

20 pores thereof. The titanium oxy compounds deposited
particles were separated by filtration, washed with
water, dried, and then calcined in air at a température

~ of 600°C for 2 hours. The calcined particles.were

washed with water and dried to yield a photocatalyst

25 having an apparent sbecifié gravity of 1.0 of the
present invention, denoted A hereinunder. This

photocatalyst A contained an amount of titanium oxy



ThHe di sposition of the photocatal ysts of the present invention in the
regi ons as described above, at 20 which the photocatal ysts cone into
contact with the waters to be treated, and the subsequent irradiation of
t he photocatal ysts with the |ight rays containing ultraviolet radiation
allows the purification of the treated watggs-owing to the photocatal ytic
function of 25 the photocatal ysts at the irradiated places, in addition

occurrence of g%&gugdytég&gé&%@ngﬁ@z RO ted O | 25 Parts by

m croor gani snms havi ng wa purification ability grow in the sane reaction
regi ons whi ch favent ya¥ed BH ropipsied By wéight 6t NUEGA vBOILL he |i ght
rays containing ultraviolet radiation, though mcro- organi sns havi ng wat er
purification ability may be previously deposited on the photocatal ysts,

whi ch 5 m croorgani sns al so achi eve water purification. The present

i nvention is ilConmgiardtdidreviBtampXerknce to the foll ow ng exanples, w thout
being limted thereto. Exanple 1 10 Acidic titania sol - C,
avai | abl e from | SH HARA SReGrEQcednrsh mdibEFATRIRIVE SRS \TePRARd ) y
hydrolyzing titanyl sulfate, was diluted wih water o a 4 ans/liter

. 0 P
expressed a [ @%CepPY rkhat HYUERA SQEE RATE1oteshavingeP b baAR UM A¥Y

um ce particles havin . .
P P compouné% was used as comparative sample.

2 kg of the photocatalyst A of Example 1 and 2
kg of the particles obtained in Comparative Example 1
were packed on the bottom of a water container,

10 respectively. 50 liters of watér to be treated were
charged in the container, énd 20 gold fishes (Wakin)
were raised while irradiating from outside the water
coﬁtainer with light rays from two 20 W fluorescent
lamps. Into the.water container 0.5 gram of food was

15 fed two timeé a day. After three weeks, an aliquot'of
the treated water from each container was taken and
evaluated for the transmittance at a wavelength of 600
nm. The treated water of Example 1 had a transmittance
of 95.0 §, while that of Comparative Example 1 héd a

20 transmittance of 28.2 § indicating that remarkable
effects in preventing contamination of water was

~ observed in Example 1. In the water container of .
Comparative Example 1, there was observed the growth of
phytoplanktons aftefﬁone week, while little growth of

25 phytoplanktons was observed in the water container in

Example 1 after three weeks. Thereafter, after further



15 an average particle size of 15 nmm (avail able from HYUEGA SO L Co., under
tradename HYUEGA SO L) for 2 hours, then neutralized to pH 7 with an

addi tion of ammonia water to deposit titani um oxy conpounds on the surfaces
of the HYUEGA SO L particles as well as on the walls of the 20 pores
thereof. The titanium oxy conpounds deposij¢d-particles were separated by
filtration, washed with water, dried, and then calcined in air at a '

tenperature of&quueg Had Wi Spsdd§ OFé ChFGwtIpasE | §1&en vSHgtyashed with

water and dried to yield a photocataTyst q% havi ng an apparent specific

gravity of 1.0 Afhrfilteny spfiitopdetréd don depRiedof tive csurfaees ofhthe
phot ocat al yst contal ned an anount of titanium oxy - 16 - conpounds

expressed as TifHbtdRRAE At D] and howéceby ¥Beé Oftebnsparonplafkpanss by
wei ght of HYUEGA SO L. Conparative Exanple 1 The procedure as in Exanple 1

was repeated, Turtmpibldeikt AFEECAGS or pthteel daysaelapsed.ti Thasuwasxy

conpounds was used as conparative sanple. 2 kg of the photocatal yst A of

Exanpl e 1 afd atkridfuted parkilkled phytoptanktomsnbyrtkevehekample 1 were

packed on the bottom of a water container, 10 respectively. 50 liters of

water to be tr@ﬁkﬁiﬁﬁﬁ%&@#ﬁﬁ%&ﬁpiﬂfthkecghF%Ph%?,°§ﬁd°?BPéBFﬂsfisﬂBés

(Viékin) confirmed that the titanium oxy compounds have algicidal
activity. After four weeks from the startup of the
test, the number of living bacteria and that of coliform

10 bacteria were examined by the method as described under

| to £ind that the treated water in Example 1 contained

6820 living bacteria/ﬁilliliter and 3750 coliform
bacteria/milliliter, while that in Comparative Example 1
contained 8000 living bacteria/milliliter and 4700 |

15 coliform bacteria/milliliter. Thus, the photocatalyst A
could'éupptesé the growth of fungi and bacteria. It has
been also confirmed that the photocatalyst A retained
its photocataiytic function without substantial

variation thereof for two years.

20 Method for measurement of living bacteria and coliform

bacteria
A sample water taken from the water container
- was diluted 10 times and 100 times with an aseptic
water, and one milliliter of the resulting liquid was
25 poured on each of fi%e sterilized schale, into which 10

milliliters of a culture medium were added, stirred,



were raised while irradiating fromoutside the water container with |ight
rays fromtwo 20 Wfluorescent |lanps. Into the water container 0.5 gram of
food was 15 fed two tines a day. After three weeks, an aliquot of the
treated water from each container was taken and eval uated for the
transmttance at a wavel ength of 600 nm -Thg treated water of Exanple 1 had
a transmttance of 95.0 % while that of Conparative Exanple 1 had a 20
transmttance ;138 red04FesgEhng7tbabneconekabyhtel Aadt shennexeyvdaly ng
contam nation of water was observed in Exanple 1. In the water container of -
Conpar ati ve Exafd endmbéhesf @o3onbesrwas tbangedut h of phytopl anktons
after one week, while little growh of 25 phytopl ankt ons was observed in

the water container in Exanple 1 fukturémediwmkased Thereafter, after .
further -17- two weeks had el apsed, the growth of green phyto-rplanktons

was observed on a parBrainrheactrinfusion bpuiphenscaldVy8gsbagteridever,
the green part planktons turned black after two or three days el apsed. This
was 5 attridbuted to kavailabhet EpPBnNEISRUILEOrAe photo- catal ytic function
of the titanium oxy conpounds, This gonfirmed that th Iy i u . '
conpounds have aIgiciaﬁzxXEPP%ﬁFﬁfmﬁﬁﬁBW four meeks_fﬁSﬁﬁ?ﬁ&“&?%ﬁ%ﬁ%fﬁﬁ t he
test, the number of ||, ng, DAFLoR| 3uaRdskB o8l yco! 1 1orm

Example 2
Into an acidic titania sol (Cs-C, available
10 from ISHIHARA SANGYO), whichnhad been produced by
| thermally hydrolyzing titanyl sulfate, having a
concentration of 400 grams/liter expressed as TiOz were
immefsed gardening pumice particles héving an average
particle size of 15 mm (available from HYUEGA Co., under
15 t¢radename HYUEGA SOIL) for 2 days, then the HYUEGA SOIL
particles were filtered, washed with water, dried to
deposit titanium oxy compounds on the surfaces of the
HYUEGA SOIL particles aslwell as on the walls of the
pores thereof. Then the titanium oxy compounds were
20 further filled into the pores of the HYUEGA SOIL
particles. The titanium oxy compound deposited;
particles were calcined in air at a temperature of 600°C
for 2 hours. The calcined particles were washed with
water and dried to yield a photocatalyst havin§ an
25 apparent specific gravity of 1.2 of the present
invention, denoted B hereinunder. This photocatalyst B

contained an amount of titanium oxy compounds expressed



10 bacteria were exam ned by the nethod as described under to find that
the treated water in Exanple 1 contained 6820 living bacteria/mlliliter
and 3750 coliformbacteria/mlliliter, while that in Conparative Exanple 1
contai ned 8000 living bacteria/mlliliter and 4700 15 coliform '
bacteria/mlliliter. Thus, the photocatallst-A coul d suppress the growth
of fungi and bacteria. It has been also confirnmed that the photocatal yst A
retained its pd@tTres adepositedcofoBSwpabebst byuleighti basedr oat 108 t her eof
for two years. 20 Method for measurenment of living bacteria and coliform
bacteria A sanpaetsabgrweidght bfoBYUBSAVSOIL.contai ner was diluted 10 tines
and 100 tinmes with an aseptic water, and one mlliliter of the resulting
liquid was 25 poured on 388hgop£ff the photiocatadysthd of Exagpye h WeFe
mlliliters of a culture nmediumwere added, stirred, -~ .18 - cultured
‘strength [err]paskedvernthnrt bostem Rf ﬁeFP“G&}“Fﬁéqﬂﬂﬂ&%nﬁﬂg(§ﬂ:iﬁQEF%ww
counted. Culture nedium used Brain-heart infysion bouillon: .Livin acteria
5 (a%ai PEbFRes VakPR SSULaks PINAKR Mhdch bhas REqR Being e %S

Col|forn1bacte&$€ega¥g%|§g %b&%@géwf§?4. O%HE container was irradiated

from'outéide with light rays from two black lamps and
éariation in the concentration of 2-methy1isob0tneol,'a
musty component, were monitored. The concentration of

10 2-methylisoborneol was changed from 27 ppt before
irradiation to 10 ppt after 30 minutes of irradiation,
i.e., too lower level for human to smell the musty odor.
It has been confirmed that the phofocatalyst B retains
iﬁs photocatalytic function for two years without

15 substantial variation thereof.

Inhabitant waste water was similarly treated
with the phoﬁocatalyst B.  As a result, the organic
substances included in the waste water were decomposed
to reduce the COD value. |

20 For comparison, the same treatment was con-
ducted as in Example 2, except that the photocatalyst B
was not used, to monitor the variation in the concentra-

tion of 2-methylisoborneol. As a result, the concentra-
tion of 2-methylisoborneol was found to remain un-

25 changed. '

' The inhabitant was£; water was similarly
treated. As a rgsult, the organic substances included

in the waste water were not decomposed with the COD



Exanple 2 Into an acidic titania sol (CS-C, available 10 from | SH HARA
SANGYO), which had been produced by thermally hydrolyzing titanyl sulfate,
having a concentration of 400 grans/liter expressed as [err] were inmersed
gar deni ng pumnice particles having an average particle size of 15 mm
(avail abl e from HYUEGA Co., under 15'tradﬁﬂpqp HYUEGA SO L) for 2 days,
then the HYUEGA SO L partlcles were filte washed with water, dried to

deposit titaniu gioxy ngounds on g aurfaces of the HYUEGA SO L particles
as well as on ¥ FeBaiRipg UBEP8R9LRr eof . Then the titani um oxy

conpounds were 20 further filled into the pores of the HYUEGA SO L
particles. The titani umoxy conpound deposited- particles were calcined in
air at a tenpg% Héf of 600C for 2 hours. The cal eined particles were
washed with Rd dried to yi el d a photocatal yst having an 25 appar ent

specific gravity of 1.2 fﬁt&hg a&sgagblbﬁ\/%t hOBu1dara! 2dqBileiaihunder.
Thi s photocatal yst B contai ned an anbunt of titanium oxy conpounds

expressed a%it £65bmEARSS AhAad TebbAY oRACU thy edeiaghnitzaced backtiparts by
wei ght of HYUEGA SO L. 300 g of the photocatal yst B of Exanple 2 were

packed on the bwt2obibvérs ofinhasteriddzed waters0 therer was dinmersedatler of
Lake BIMAKC)mhlch has been bei ng used as
kg of the photocatalyst B produced in Example 2 for 1
hour, then the photocatalyst B was separated, and dried
with air at room temperature to produce a photocatalyst
having the microorganisms having water purification
10 activity and the photosemiconductor particles deposited
according to the present invention, denoted C
hereinunder. |
| Each of 1 kg of the photocatalyst B of Example
'2, 1 kg of the photocatalyst C of Example 3, and 1 kg of
15 the sample of Comparative Example 1 and commercially
available nylon wool filter (Comparative Example 2) for
- the purpose of comparison was packed to a height of 80
mm in a vessel 1 (320 mm wide x 115 mm long x 100 mm
high) equippéd with a pump for circulating water 3 as
20 shown in Pigure 1. A 10 W black lamp 2 was fixed at a
“height of 50 mm from the surface of the effluent water
when the water was circulated. The vessel filled with
. the photocatalyst's was placed on the water container 4,
in which 20 gold fishes were raised in 50 liters of
25 water, and the water“in the container was circulated
through the yessel 1 at a flow rate of 10 liters per

minute while monitoring the variation in the concentra-



water for inhabitant life. The container was irradiated fromoutside with
light rays fromtwo black |amps and variation in the concentration of
2-met hyl i soborneol, a nusty conponent, were nonitored. The concentration of
10 2-nethylisoborneol was changed from 27 ppt before irradiation to 10 ppt
after 30 mnutes of irradiation, i.e., toey awer level for human to snell
the nmusty odor. It. has been confirnmed that the photocatalyst B retains its

phot ocat al yti ¢ faid# e And Woy H8Hi MV 4P Wolld BikdsNt i Phe VEESaLESN
t hereof. I nhabitant waste water was simlarly treated with the

phot ocat al yst & e avaebationt D8 eh@asbficeétibsationsof nNEydwdrenshbenvast e
wat er were deconposed to reduce the COD val ue. 20 For

conpari son, thin SPalérEaan@nthose of8nNNOguwére is TabIzxa2pl and, faxthptr t hat
t he photocatal yst B was not used, to nonitor the variation in the
concentra- ti cthade 2ofethel nfvbogenokridzider ¢NOs) , prtoéducedcbhbyt oxidaron of
2- et hyl i soborneol was found to remain un- 25 changed. The inhabitant waste
. water was 9 nitionyof riQs ederésshovesintTabhe 35 gaWhensthetBheto—i ncl uded
in the waste water were not deconposed with the COD -20- val ue remaini ng
unchanged. catalysts B and C of Examples 2 and 3 were used, the

concentrations of NH4 and'Noz were found to be retained

at a lower level., Particularly the photocafalyst c

deposited with the microorganisms having water purifi-

10 cation activity and the photosemiconductor particles'had
much higher performance. This is attributed to the
oxidation of NHy and NO2 into lower toxic nitrogen
trioxide (NO3) owing to the photocatalytic function of
the photosemiconductor particles. In the case of the

- 15 photocatalyst C, the combination of thg photocatalytic
function of the éhotocatalyst in the regions irradiated
with the light rays containing ultraviolet radiation and
the water purification aétivity of the microorganisms
deposited on the photocatalyst in the regions not ex-

20 posed to the light rays containing ultréviolet radiation
in the same reaction system allowed more prdmpt oxida-
tion of NHy and NOz into nitrogen trioxide (NO3). On
the other hand, the use of the sample of Comparative

- Example 1 and the nylon wool filter of Comparative

25 Example 2 for the purpose of_comparison was found to

lead to an increase iﬁ the concentrations of NH; and

NOz. A reduction in the concentration of NHq was

achieved in 3 to 4 weeks after the startup of the test



Exanple 3 Into a dispersion of a culture liquid with Nitrosononas and
Trobaror cultured as nitrate bacteria 5 in 2 liters of a sterilized water
there was i mersed 1 kg of the photocatal yst B produced in Exanple 2 for 1
hour, then the photocatal yst B was separated, and dried with air at room
tenperature to produce a photocatal yst h_a\(%'%g_the m cr oor gani snms havi ng
wat er purification 10 activity and the ph sem conduct or particles

deposited according o t present inventiaon, .denoted C.hereinu r. Each

of '3 ko' of ¢ nee BB EhERarDer sBRE ek S bar Ve siianpd € L AR e "
Exanpl e 3, and 5t a to !Eﬁg% I qwﬁ
commercially a@%}{sgbﬁéoéy t(J)'E(?:\?/%ollgyf ﬁo@@g@%@.?pe:rﬂﬁé?ne IB;W%%EZ %ra§ he
purpose of ConpaphsPALIQE Bam dzt%aaﬁe'@y SiihdBly b AeSSRutlap g0 ™
wi de x 115 mﬂn?ong X 188 nmm h?g'h)s equi ppe V\AE?'{? a purrpyfor_ ci rcul%ti ng .
water 3 as 20 gBovHel grhiddane gkowkhl @ \\illcidorgaii she\athidiKesuBify e ght
of 50 mmfromthe surface of the effluent water when the water was

circul ated.s Theavaessel filled with the photocatal yst 5 was placed on the
wat er container 4, in which 20 gold fishes were raised in 50 liters of 25

water, and the water in the contai ner wafablecdl ated through the vessel 1
at a flowrate of 10 liters per minute while nonitoring the variation in

the concentra- Concentration (ppm)
Period (Week) 0 1l 2 3 4 5 6
Exanmple 2 0 2.3 0.2 0 0 0 0
Example 3 0 1.1 0.1 0 0 0 0
Comp.Ex.1 0 4.6 10.0 9.0 6.1 4.2 1.6
Comp.Ex,.2 0 3.2 5.6 3.3 2.2 1.7 0.8
Table 2
Concentration (ppm)
Period (Week) 0 1 2 3 4 5 6
Example 2 0 0.1 20 0.2 0 0 0
Example 3 0 0.1 17 6.1 0 0 0
Comp.Ex.1 0 0.3 3.9 3.9 44 50 10
Comp.Ex.2 0 0.2 39 6.5 3.5 0.5 0.2
Table 3
Concentration (ppm)
Pefiod {(Week) 0 1 2 3 4 | 5 6
~ Example 2 0.5 0.7 14 67 9 123 ‘144
Example 3 0.6 0.8 16 70 104 138 156
Comp.Ex.1 0.1 0.6 1.0 1.8 3.4 7.4 24

Comp.Ex.2 0.6 0.6 0.9 10 76 94 118



- 21 - tion of [err] and [err] toxic for gold fishes. The results of the
variation in the concentration of [err] were shown in Table 1 and those of
NO2 were in Table 2, and further those of the nitrogen trioxide ([err])
produced by oxida- 5 tion of [err] were shown in Table 3. Wen the photo-
catal ysts B and C of Exanples 2 and 3 werggused, the concentrations of
[err] and-[err] were found to be retained at a lower level. Particularly

t he photocatah*g# Qédgposited wi th the m croorgani sns having water purifi-
10 cation actiVvi 9 and the phot osem conductor particles had nuch higher

performance. This is at inaliised Jcd difte pUdld Mool (den] anehisasId into

| ower toxic nitrogen trioxide ([err]) owng to the photocatal ytic function

of the phot 0segFomOTSHIEARA TANGHES, WwHidhehddeor prodidedvyocatal yst C,
t he conbi nation of the photocatal ytic function of the photocatalyst in the

regi ons irradihegthaliliyh hydrdliygting ayistaroyl csul fate) thawinmgea radi ati on and
the water purification activity of the m croorgani sns deposited on the

phot ocat al $st cioncend ratdiom o010 &k xgrags fobkelr texpiessed s rBiQ2 wexei ni ng
ultraviolet radiation in the sane reacti on system al | owed nnrgﬁfronpt

oxi da- tion ofimmersedadfq andms mhH ¥ESAILHER (kraderrme N@Artiplede ot her |
hand, the use_of ,the sanple of Conparative, Exanple 1 and t | op wool
filter of ConpaVifigy & RvSIads e??nlp'?’rﬁal? I"%"fﬁur‘ggs% ol E%Yﬂ)’gf?&ﬁ 8% ound
to lead to anu'hgx&&i%e ﬂd&!ttcne for' * tort?xt,i “‘Rer ftl{ee s frE particles
were separated by filtration, and dried to deposit
10 titanium oxy compounds on the surfaces of the MESALITE
particles.as well as on the walls of the pores thereof.
Then the titanium oxy compounds were further filled into
the pores of the MESALITE particles. Subsequently the
~ titanium oxy compound deposited particles'were calcined
;15 in air ét a temperature.of 500°C for 2 hours. Then the
| calcined particleé were washed with water and dried to
yield a photocatalyst D of the present invention. This
.photocatalyst D had an amount of titanium oxy compounds
expressed as TiOz deposited of 2.0 parts by weight based
20 on 100 parts by weight of MESALITE particles.
| .' 25 g of the photocatalyst D were placed in a 8
liter glass container and a malodorous gas, acetalde-
hyde, was added to the container to a level of 70 ppm
~and the containe: was sealed; The container was
25 irradiated ?xterna11y~with 1;9ht rays from black lamp§
at an inteﬁsity of_uifraviolet radiation of 1.6 mW/cmz'
on the surfaces of the.photocatalyst D. The concentra-

tion of the acetoaldehyde was reduced to 20 ppm after



NO2. A reduction in the concentration of [err] was achieved in 3 to 4 weeks
after the startup of the test - 22 - even when the sanple of Conparative
Exanple 1 and the nylon wool filter of Conparative Exanple 2 were used as
compar ati ve sanpl es which may presumably be attri'butable to the gradual
growt h of m croorgani sms which purify the2§ water. Table 1 Concentration
(ppm Perlod (Véek) 0 1 2 4 5 6 Exanple 2
0.1

8 2 30 one houroo&r?prrlg(d?tlon arp%l':@(aﬂ% 63&190:' two ng%ursé' i 42
16CMDQZP$W q%ﬁ@ﬂ§&%ﬁ&ﬁ%%u%ﬁm%&ﬁmez .

Concentrati on

6 Exanple 2 decomp8>sed (i:yl trd prbotoc&oglgotl@ functPon of OtlEéa”W e 33 9

0 0.1 17 0.3 .
3.9 44 SQitaﬁyﬁﬁjagyl@b 0 0 2 39 6.5 3.5 0.5
0.2 Table 3 Concentration (pp Perlod (Week) 0 1 2 3

4 55 6 As described above, in an embodiment of the '

present invention there is provided a photocatalyst
comprising inorganic porous particles having photosemi-
conductor particles deposited on at least a part of the
surfaces and at least a part of the walls of the pores

10 of the particles, wherein the photocatalyst has a stable
photocatalytic function for an extended period of time |
and easy separability from the treated water system so
that it is useful for vafious photocatalytic reactions
such as decomposition and purification of malodorous

E15 gases, purificatipn of air, oxidation of sulfur oxides
and nitrogen oxides, sterilization of soil, decomposi-
tion reaction with water, carbon dioxide imﬁobilizing
reaction, and the like. Particularly the disposition of

. the photodatalysts of the present invention in the

20 regions where the photocatalysts come into contact with
water to be treated and the subsequent irradiation with
light rays containing ultraviolet radiation allow
annihilation of harmful organisms such as algae, fungi
‘and bacteria, decomposition of deleterious materials, as

25 well as deodorization and decoloration to be convenient-
ly and easily accompiished. Therefore, the photo-
catalysts of the present invention are extremely useful

in purification of water in industry as well as at home.



Exanpl e 2 0.5 0.7 14. 67 94 123 144 Exanple 3

0.6 0.8 16 70 104 138 156 Conp. Ex. | 0.1 0.6 1.
1.8 3.4 7.4 24 Conp. Ex. 2 0.6 0.6 0.9 10 76
94 118 - 23 - Exanple 4 Into an acidic titania sol (CS-N, available

from | SHL HARA SANGYO), whi ch had been pradysed by thermally hydrol yzing
titanyl sulfate, having a 5 concentration of 400 grams/|iter expressed as

Ti Q2 were i Mmengede 400y 0" gHBy© f('aiYEﬁé'—hlgd( Ebrdagaweb aaE 43 seaseayeimsan

average particle size o aval | abl e from MESALI OoGYO for 1 hour,
then the KESALIGIE PRIhag! 8EcUer ensenar 2kgdohy tulltisbting Fidhdandl tie
deposit 10 titanium oxy conpounds on the surfaces of the MESALITE

particles as welik@stonsate vhbmhmsfobmt Beaghres thereof. Then the titanium
oxy conpounds were further filled into the pores of the MESALITE particles.

0 .

Subsequent |y the titani unInmxgnobthpouenbddpmentedfphhei presendr dnyentiiend 15

inair at a tenperature of [err] for 2 hours. Then the calcined particles
ver e washed Wi tthewe eisapdovided aophpEpgasagystocompryising dmomganiesent
i nvention. This photocatal yst D had,an apount of titani um oxy conpounds

expressed as TWEQ‘@%%OEFFEHCBPSZhGVﬁﬁﬂt§h8§°ﬁ§m§ﬁpn§&§§&r2@a6$ igdes,and oy

wei ght - of NESALlicrgagééﬁlsms possessing water purification activity

deposited on at least a part of the surfaces and at
least a part of the walls of the pores of the particles,

10 which allows the purificatidn of water by the photo-
catalytic function of the photocatalyst in the regions
irradiated with the light rays containing ultraviolet
radiation as well as the purification of water by the
water purification activity of the microorganisms

15 deposited on the photocatalyst in the regions not ex-
posed to the liéht rays containing ultraviolet radiaﬁion
in the same reaction system, so that the purification of
water to be treated can be achieved in a short time.

| The photocatalysts according to the present

20 invention are higher in safety, applicable to the treat-
ment of a wide variety of harmful substances, and dis-
posal without caﬁsing environmental contamination, so

that they are very useful in industry.



2% g of the photocatalyst D were placed in a 8 liter glass container and a
mal odor ous gas~—aeeLath‘_nxgg_aﬂ@s added to the container to a level of 70
ppm and the contai ner was seal ed.” The contai ner was -25Thi§ StaétitRé Bédn Replaced

externally mnthé lu” bl ack | anps at an i ntiengi olet
radi ation of 1 ’, w‘ﬂimmm%’!nurfaces of the photocat ammmuuﬂum
.concentra- tion of fhe aceta ehyde was 4feduced to 20. 24 -
one hour of irradiation and 6 ppmafter tw hours, indicating that the
acet al dehyde WBATeEBecCLAYMERP dS8cdnposed by t he photocatalytlc function of
the titani um oxy conpounds. 5 escri bed aboye, in _an

enbodi nent of Lthe preseﬁtPPﬁ&@ﬁFFGﬁYFﬁeFQNP§ ﬁﬁBgldBBrgaBﬁﬁt88§P&Pyst
Gepos! ted on BefFosieBahayindphobosemieanancRay BRE T capaasERRI Ry | ¢! o
walls of the §8a$§t%ga§& %tﬁa%%rgkckﬁi QWQ Q 5%3 QQOPQ?QEaEY§§rQaS a

st abl e phot oc for an exten per eas

separability QEOQhEhﬁaiiﬁab%dtW%t?br%!shﬁnkﬁ% bAzk ichelss useful for various

phot ocatal ytic reactions such as deconposition~and purification of

mal odor ous 152, gases, pnrphb%ébh&&lQEtabbmp@&b@ﬁblQﬂo@baaubfpbre&edes and
- nitrogen oxides, sterilization of soil deconposi -

particles having photosemlconductor particles and

microorganisms possessing water purification activity
deposited on at least a part of the surfaces and at
least a part of the walls of the pores of the particles.
3. The photocatalyst according to Claim 1 or
Claim 2, wherein said inorganic porous particles.have an
average particle size of about 0.1 to about 100 mm.

4. The photocatalyst according to Claim 1 or
Claim 2, wherein said photosemiconductor particles are
selected from the group consisting of titanium oxy
compounds. |

5. The photocatﬁlyst according to Claim 4,
wherein said titanium oxy.compouﬁds are titanium oxides.
6. The photocatalyst according to Claim 1 or
Claim 2, wherein said inorganic_porous particles are
selected from the gfoup consisting of naturaily
occurring minerals.

7. ' The photocatalyst according to Claim 2,
‘wherein said microorganisms possessing water purifica--
tion activity are selected from the group consisting of

nitrite bacteria, nitrate bacteria and sulfur bacteria.



tFon reactioniwith water, car bon di oxi de |nnDb|I|2| % &gﬁ% edkémbm

like. Particul a ’ " m on of the photoc esent
igvention in thlnNﬂ “m ﬂﬂﬁﬁmﬂne t he phot ocat al s act with
water to be treated®and tthe ssubsequent irradiati

contai ning ultraviolet radiation al | ow angp hil ation of harnful organlsns
such as al gae, fungi and bacterla deconp05|t|on of deleterious material s,

as 25 wel | asPdeodorlzatl 'fylﬁ¢36¥% ReRHSY ind Y rdd

easily acconp i‘'shed. Ther ore the pﬁgto- catal ysts of the present
I nvention ar es‘%@p’s*e'& ¥ lé?'ééimj R 'pHO tdtd 1Lyt dcrding nebitTaims vel |
as at hone. over

they ‘can be used for destroying disease

germs whi ch may 3¢ @Waiinh 4 higy 1 Prades tuherdd ghid Yhotsbdtelyske to save
them from death. In another enbodi nent of the present invention 5 there is
provi ded a pheiomea dntd crgadtsiwith netgeani to [tos dtreated, drned then ng

phot osem conduct or particles and m croorgani sns possessi ng water
purification dctiaditaticepesE idphototatalypst arigh tlight raysir¢ontainmd at

| east a part of the walls of the pores of the particles, 10 which allows
the purificatiiog oflbrawiolgt tradidoian. catal ytic function of the

phot ocatal yst in the regions irradiated with the |ight rays, containing
ultraviolet 9 process for purifying water comprising the

steps of disposing the photocatalyst according to Claim
1 or Claim 2 in the places where said photocatalyst
comes into contact with water to be treated, and then
irradiating said photocatalyst with light rays contain- |
ing ultraviolet radiation to perform the purification ‘of
the treated watgr by the photocatalytic function of the
photocatalyst as well as the purification of the treated
water by the water purification activity of the micro-
organisms depositéd on the photocatalyst in the regions
not exposed to the light rays containing ultraviolet

radiation in the same reaction system. .



radiation as well as the purification of water by the water purification
activity of the m croorgani sns 15 deposited on the photocatal yst in the
régi ons not ex- posed to the light rays containing ultraviolet radiation in
the sane reaction system so that the purification of water to be treated
can be achieved in a short time. The photocatal ysts according to the
present 20 invention are higher in saf hyq applicable to the treat- nent of
a wide variety of harnful substances, d 'di s- posal w thout causing

envi ronnental contamnation, so that they are very useful in industry.
Substitute sheet - 10 February 1998 -26- WHAT IS CLAIMED IS: 1. A

phot ocat al yst conprising inorganic porous particles having

phot osenm conductor particles and m croorgani sns possessi ng wat er
purification activity deposited on at |east a part of the surfaces and at

| east a part of the walls of the pores of the particles wherein said

m croor gani sns possessing water purification activity are selected fromthe
group consisting of nitrite bacteria, nitrate bacteria and sul fur bacteria.
2. The photocatal yst according to claim1l1l, wierein said inorgani c porous
particles have an average particle size of about 0.1 to about 100mm 3.

The phot ocatal yst according to claim1l, wherein said photosem conduct or
particles are selected fromthe group consisting of titanium oxy conpounds.
4. The phot ocat al yst- according to claim3, wherein said titani um oxy

FIG |

_4




T e
conpounds-are®titani umoxides. 5. ~ The photocatal yst according to claim
1, wherein said inorganic porous particles are selected fromthe group
consisting or naturally occurring mnerals. REPLACEMENT SHEET 1 1 FEB 199
[err] - 27 - 8 A process for purifying water conprising the steps
of disposing the photocatal yst according.to Claiml1 or laim2 in the
pl aceS'V\,héBgT OFCTBEDINCIOSEREBes i nto contact with water to be
treated, and then irradiating said photocatalyst with |ight rays contain-
ing ultraviolet radiation. 9. A process for purifying water
conprising the steps of di spegy ording to daim1l or
Caim2 in the places where ggygﬂaﬁggéggﬁgr%@Fﬁgggggﬂﬁﬁto contact with
water to be treated, and tFORIRURBHYING'WSEER WITH SaMB! yst with |ight
rays contain- ing ultraviolet radiation to performthe purification of the
treated water by the photocatalytic function of the photocatal yst as well
as the purification of the treated water by the water purification activity
of the mcro- organi sns deposited on the. photocatal yst in the regions not
exposed to the light rays containing ultraviolet radiation in the same
reaction system A photocatalyst comprising inorganic porous

particles having photosemiconductor particles deposited
on at least a part of the surfaces and at least a part

. of the walls of the pores of the partiéles, and a photo-
catalyst comprising inorganic poroué particles having
photosemiconductor particles and microorganisms posses-
sing water purification activity deposited on at least a
part of the surfaces and at least a part of the walls of
the pores of the particles are disclosed. The photo-
catalysts have a stable photocatalytic function for an
extended period of time and easy separability from the
treated water system so that it is useful for various
'photocatalytic reactions. Particularly they can be
'effectively used in water purification, and allow
annihilation of harmful organisms such as algae, fungi
and bacteria, decomposition of deléterious materials, as
well as deodorization and decoloration to be convenient-

ly and easily accdmplished.
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Substitute sheet - 10 February 1998

. =26-

WHAT IS CLAIMED IS - ‘R 0 O A

1. A photocatafyst comprising inorganic porous particles having
photosemiconductor particles and microorganisms possessing water purification
activity deposited on at least a part of the surfaces and at least a part of the
walls of the pores of the particles wherein said microorganisms possessing water
purification activity are selected from the group consisting of nitrite bacteria,
nitrate bacteria and sulfur bacteria.

2. The photocatalyét according to claim 1, wherein said inorganic porous

. particles have an average particle size of ébout 0.1 to about 100mm.

3. The photocatalyst according to claim 1, wherein said photosemiconductor

particles are selected from the group consisting of titanium oxy compounds.

4. The photocatalyst according to claim 3, wherein said titanium oxy

compounds are titanium oxides.

S. The photocatalyst according to claim 1, wherein said inorganic porous

particles are selected from the group consisting or naturally occurring minerals.

REPLACEMENT SHEET|
11FEB 1998




