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CHAPTER 1

1. | ntroducti on

1.1 Energy

Energy is thebackboneof any economy and plays a major role in world progréss.
sust ai nsaabflkee cl ean energy supply is one of the

greater intensity in recent denadesthabsg cgsroorwenn t
significantly [@RrFoowghcduts tphue pwaosrel,d t he product
are very important.

Energy sources can be divided into two ngrioups renewable and nerenewable. Solar,
biomass, wind, waterand geothermal are renewable energy sourcesttad can naturally
regenerate themselvaad have an endless supply. The sources of@mewable energy are coal,
gas, oil, and nuclear power. These sources cannot be recycled or replenished, and their supply is
limited. Moreover nonrenewable sources cannot be replicated or recreated to the same extent
after they are depleted, their use cannot continue forever. According to predictionsyltlie
energy consumption will increase to five times its current level by the yeaf 230D

1. 2 Fosasnidin vfi u elnmeemmetdailat i on

Nowadays most of the energy is obtained fr
gas. Fossil fuels are not conkendmbest ed® i r e en:
7T5%fgreenhouse gas tetmatsscansel(4gOeb dale mp&rmhmit ug e
earttaltncr apse® B8i 6@ caendCB&OMNIi ssi on i s not control
emi ssi onst tdeoud bdi & s apcrhei nadaB.$§0r pplm lasvelarl y as
in a temperature r[isle that could surpass 5AC

Heat stress, illness, tropical storm intensity, ocean acidity, sea levels, and the melting of
glaciers, snowpack, and sea ice are all being incrdageflobal warming 6 [h addition, it
damages ecosystems and animal habitats, moves the position of productive crops, and modifies
the timing and volume of water supplies. The reason is the worldwide difference among cooling
contributors i.e.nonsoota e r 0 s o | angd heating contribgors such as greenhouse gases,
fossil fuels plusiofuels the soot particles, and the urban heat island €fffett]

In this context, severalations including Italy are closely monitoring the effects of climate
change and thinking about how to adapt to negative effects by creating plans with the goals of
coordinated solutions to suctsue. Promoting investment in lesarbon and renewable energy
technology will be crucial toninimizing pollution.

There areseveralpotential advantages to using more renewable energy, such as lowering
emissions that contribute to global warming, diversifying energy sources, and reducing reliance
on the fossil fuel energy market. Furthermore, cafibtensive energy sources can besiiibted
by renewable energy initiatives. Due to the higher labor intensity of the renewable energy sector,
expanding the supply of renewable energy may lead to an increase in jobs by creating opportunities
in new "green" technologigs 8 ]

1.3 Bi omass

Biomass is a term that is associatéth all organic materiathatarederivedfrom plants.
Green plants convert sunlight into plant material through photosynthesis. Chemical energy is
released by substances during digestion, combustion, or decomposition when the bonds between
adjacent molecules of carbon, hydrogen, and oxygen are bfokelBiomass is an excellent
alternativeenergysourcefor fossil fuelsfor a more sustainable and clean application because of
its organic naturgl0, 11].
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The environmenis not only suffering from the overconsumption of fossil fuels but also
for the generation of wast@he use ofwvaste biomasas a substrate is a more appealing option
than improper and unscientific methods of disposal because it is readily available, abundant, and
non-competitive with food The conversion of waste biomass into fuels and high \added
products is similar to fossil fuels that were formedibion years ago from bioma§s2]. Biomass
includes agricultural waste, croimal feedvaste wood and wood waste, and wastew§i&i.
The total carbon footprint associated with energy generation can be decreased by cahmining
use ofsolarlight and fuels obtained from biomads}].

1.4 Solar 1ight

Sunlightorsaindereed the biggest energy sourc
(#8) and its wutilization can meet not only thi
pol l uti oar ipgsiomduesfrarsooni tthreadi ti onal met hods of e
fugllsds]

The conversion of sunl ight into a wusable
production) has attracted much attention and
past, for example, fuel cellsimawe ebeen rdevdly:
i mprovements have been made soalieceprpasgytpeod
still i mited. Further more, regarding the tra

t wo possi bl e watyison oonfe ciasrp)hb dnna tdoeathxyi tdéa c{ @b o @ s
other is the prodwedki on of hydrogen (H

1.5 Hydpogaesn a(lnH ener gy source

The UN 2030 Agenda outlines 17 Sustainable Development Goals (SDGs), of which SDG
7 is on cheap and clean energy goals to provide access to sustainable energy technology and
services, thereby contributing to the challenge of climate change on a globdl 28l |

In an effort to advance the SDGs, the European Union has announced a number of
initiatives that have improved Europe's energy consumption and green energy supply. The
European Green Deal (EGD) 6s aim is to 5%educe
and to achieve carbon neutrality by 2J5@ .4These guidelines encourage scientific society to
find waysfor thetransition of society into carbon neutrality, renewable energy production, end use
efficiency, carbon capture and storage, and production of green [RElsLater are the
replacementoffossifluel s (natur al gas, gasoline, and coe

In this contextH2can be considered as a very efficient, clean and promising energy source
playing an important role in thedecarbonizatioprocesy 2 6 ,. It can7be generated from water
and renewable energy resowgf28-32land during i ts coafoelucslltonlpn, f o
water (HO) is produced when Heacts with oxygen (§) (Equation 1.1)

CCF OF° C'OF ( 1).

The I mport axacse ao ff uvesli ndgerH ves from the fact
of 1whal kJwhich i s highefny hatnh ¢ fh 28 ¢ eflillgeafaloe [i n €
the energy content of different fuel s.

Current and futohmaeeabppreleincadt vonedof.iflHo (t hr e
power and heat generation, (ii) 34d4ndustrial fe
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Table 1.1 Energy content of different fudl30]

Fuel Energy «

(MJ/ kg
Hydr oge 120
Liquefied 54. 4
Propane 49. 6
Avi ation 46. 8
Aut omot i v 46. 4
Aut omot i v 45. 6
Et hanol 29. 6
Met hano 19. 7
Coke 27
Wood (dr 16. 2
Bagasse 9.6

Power & Heat Industry
Generation Feedstock

« Power generation for grid « Ammonia production » Fuel cell forklifts

* Power buffering » Steel production « H2 powered vehicles
« Hz addition to natural gas + Synthesis gas « Hzpowered trains

» Heat/power for buildings » Hydrocracking » Hz powered aircraft
+ Heatipower for industry + Hydrogenation + Hz powered shipping

L F ) ) &

Figar@®Qurrent and futfBd]applications

1. 6pHoduction met hods

The actualprodustriroal i B stild]l based on thiq
oxidation of hydrocarbons, steam I Tdhomigmg aof
significamcaambengeoafrdted through these proc

of fossil fuels causeg 3BhFEheretérase, oifft greead oad
a green, sustainabl ezpraonddu cetfifoencti ve approach
Compared to conventi-oanaéwmbt bBroedcsesrbta sreedssepanr @
reveal ed that 2udiengs ytnd dhtersa Iso goifesH (i . e. , phot o
potenti al I[y4d.0¢hotnepre taintdi voe menaesw elsleqgr eesnf or gr ee
producti on. I n paatemwluil déatminogiaestso o alti strytsise dw | a

use renewabl e entogpeHsticeht acsamumdwegrhteveryt hi
submafj4.beydrogen productieoewmbtbhedadbhbaedena
souraces shFogwdeleh? |
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Hydrocarbon
Pyrolysis
> | Fossil Fuels

Hydrocarbon Partial

Reforming Oxidation

Auto-thermal
Reforming

Hydrogen
Production

> - >
SMethods Electrolysis H
J q 2
Water )
> oY ¥ >
Splitting ﬁ Thermolysis l |
> Photo- .

electrolysis

> Renewable
Resources

Biomass Partial
Process Oxidation

Auto-thermal

Reforming

Fi gu2zkeprnroducti on met hods braseseedwabl ecaeawwady es
[ 42]

1.7 Photacat ph gt ogpartoadl uycttiiconH pri nci pl

Photocatalysis is a btrhaeealtt obnchamestisy iin
presence aphot ghdt alnydst . T hpehroe o & raded telr soegee:nteyopue
homogeneous, and -rphast mdrmrsHeateahwe nhndait ®c wgE neou

phaotad al ysi s.

Het er opehmd owcsat al ysis has emerged as a vi al
i ntoriduction since [B8jhi si®i7@a raermad i Hendd he ph
water sopliittatniinugiiclf oxtidled} , although the react
Aut hors cannot be considered, Sitmaettllyers,pea kv e
number of papers have been publ-up B4Bt,o rtatnegi n
synt hesi s -aodfd ehdi gghr3didaulleutes hy dr oge[n53Br oduct i on

A photocatalytic process carried out by wus
produce &n industrial scale since often the s
the photoreactor pre[s®mMt no particular diffic

Phot ocatal yhas nwemernod 0 gaypliygleineataito o, s pa o da
high value 2cbhdmctabs, a@0® whisgewat er3tskeatwmenh
publications related to photocatalysis applic
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Photocatalysis Photocatalytic degradation
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IS ®
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8 i
S 7,500 © 75500 |
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2 2
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(=] .
z 2
2,500 | 2,500
0 Lo - . 0 o E"..’*
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Figu3Numnmber of publications relatt®@d®toppbotoc
Septembler, 2024

"Band gap" is the term that describes the e
conduction band (CB) and t he sugmieco E@@EUpmdn t he
irradiation with Iight ofjaphiedynd ecthenst (ke

VB move to the CB)YanéeémposiinvéeéhkeoNVNB8s Blbth ul't
(Vis) bieghtsedamepending on the DBherdp lgatpo prrad due
el echtootoann r ecombi ne and dinsosviep atece studgniévae epiug e et
oxidation and reducti on Irne atchtei opnrse swnteran abdfs oar b
organics the follow(&BEquaehnhi ang& can take pl a

Ligh Reduction
reaction

@

CB

< ~ Adsorbed
= 3 Species
T S:flc P
S H 5
T S: || ®
5 cH
a 2% X
Adsorbe = -
¥ species VB

=5
+

Reduction
reaction

FigurSchemati c diagram of photocatalyt:]

Y& DO YHQ 0 (1). 2

W Q ° JO-0 (1). 3
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00 Q ©° YO ( 3.
OF Q ©O JF ( 5.
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"CF VF 0@ B O OF ( 8.

VO £1 QO®EQMN £ PERF T € If 1 QR GDTERL Ko Qb QP )

Very briefly, the three key stepprbodattapae
of o(HFi dBmre@ the activation of the photocatal.y
el echtoloen pa&i;2)s(tthe transfer of these charges t
parti3cl eBe ¢ccurrence of oxidation and -reduct

produced charges. It should be noted that no
recombine, &ahidrntthlee nwumbterof ti me i nducandedox
f eatoufr eshot ocatal yst used. The recombination
efficiency in all heterpg@hdotdheplonadauat alont il

val ence band edge energies must be compatible
[ 61, 62]

Sun light

Fi gub%Sc hlemati ¢ p bprtodwdtailtohtei s uldf ace of a sel

The realization of a speaictualreaetrtgygnl| ey e
bandsphodt cacaas at yst CB and VB edge potentials d
abil irawyd olirespectively

The phot oaenxdciiit etdhee pr esenccaepni 9 &8 plasnedy, WGat eédr
respectivetpnl] |l b¢ whtersos,plditdé umgs ende ElbaineHs mi n
pr odutche omott om of the CB mu™ tdr ddoxnmnoa ®u mleeg at 0
NHE, pH O0) and the top of the VB shoudHdO be mol
(23 V vs. NHE ,16)g6d]. Th)u s(, Fifgour et he photocatal yti
energy of Et he semicondud@ttohee mehseto rbeet i>la.l12 3mienM ma
to kinetic overpotentials and emesggel2dobsees 0d
eVmor edwer ,achyw ivait bloebdn dgehgeapgtyhemust be ell @ag £ dt h
to wavedeoqgdmws.l n FILgaGrree reported t hehebancd ugdp
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band stthet mostoftommon photocatal ystscaammmdd t he
O:ev ol {bthi on

5
1l-=—4 X 5
¥y
LIJ O ------
I
Z 1 IIIIIII
7
>
w2 cds
zZnS Fe;0;
3 SITiO; g, ZnO WOs
KTaO,

Fi guelei fif.er ent semiconductors showing differe
relative to.the NHE at pH

Tio0s the most studied phot ocatfaolry sdi fafnedr e
appl i Jdtei ¢ Mg ee main podaymomamhlait @sfeqr hgs owfk i TieO a
synthetic techniqgues are known whi c¢hecamntal at
obtained in the form of various types of poly
(when there is an interface bet[w&e&]Anmaratsiec | ewsh
has a t et rcaognofniaglurcartyisotnalwi th each octahedron s
o 1), is the most widely employed polymorph i
t he other hand i s mai nly used as a white pi
phot oel ectrocatalysis is quite frequent, has
octahedra sharing the edges thahafiong obeabédl
the orthorhombic crystal otl yunotr prhe t difat b rgemleir ta
best performance for thebepbtoauoeat al yhtaisc bertddek
photoproduced pairs are better [sebfParated and

Tiohas <charactaeslrowt c 0-5 b )siua@ibtny , |l ow environ
significant oxidizing power, o4 teg tma N dihrmg op s d t
[ FfOPHoweVexpresents some di sadvantages. Because
activated by UV |l ight and the d&dmakeeciombi nae
very effective. To address thas despudgalndd f hem
nomet al species, semuglbinmgrcwibo ko @it a&lr or cryst

surface modi fiocgattihenuseemdi tail  i@MMTahtei vceosu ppl hi ont go
Tiowi th other suitable semiconductor materials
the photocatalytic acti VyirTB8yMa@ameowdra,ngtehe hedo iu
(i .e.., Nb, Cu, Co, Ni, Au) has been reported
rate of @Ehimtndexoidtidd cati on of somp7a8f@irface an

18Het erojuncti ons

't is diffiphalste phhonta@acatmaglyst to exhibit b
broad |l i ght absorption spectrumi nagtl et hceo mpam
photocatal yst s, there is the possibility of
consequent reduction i n[ 8tBleeseedf fomri ehey bahdt s

phot ocatal ystt hheertee raorset rmecitrulrye sf,our-lt y-pgpedf h:
scheme-scaethepe weZ-gdd bFamasscSh e me .
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18. 1-s Zh e me

A -gcheme heterojuncti od7syAdttem iisetsaiddvarb niem
of @Bod semiconductor 2 r ec\WwBolfi nsee mwictomdtufte oho
el ectrons with high reduction capacity are av
high oxi dati oviBopfowehe i sienihé&3 dlhet oarstc2zhfeimei a |
heterojunction structur e elwaZss arheearei vsed uncu aulr east
types have been created to make some photocat
of type | and type |1l heteroji ndatciean | iex ttrloats
|l oseme of their medodBid@apree hEymeahteéerojunctio
t he advantage not only of ensuring an efficiel
al so the production ofemaltkebdbpynaganddhokedi z
respectively.

Neverthel esshemkbsbetheofZunction system has
t hat t he photoreducti on and p h dtedha@awad tha tt ihen |
photocatalysts for which t heeaniidraek esr pll eescse . madlrh
problem is thei odecoedeneecoamfdi hwgheh aft hough
separ at eda uisheelm ¢ ot ,be ¢ onsume dHawevershe gpatiehi cant
heterojunction system is attractive due to the particular tygetnsfer[85, 86]. The direct Z
scheme system is useful towardsgtioduction when the potential of CB edge of semiconductor
1 is more negativehanH*/H, redox potential87-89].

Reduction
reaction

o

@

Oxidation
reaction

Semiconductor 2

Fi guTZs clhheme heterojunction scheme

18 2-s Sh e me

The-s cSheme heterojunsdheme)syiss eml| I(B& terpat ed
Considering the | evel of the energy bands, t
classified one as an oxidation photoc@&©al yst
9P The first photocatalyst presents | ower CB
l evel than the second one. The work function

When the OP and RP are in close contact, tfF
according to the following steps:

(1) After simple contacdawiblelt weoevne tshpeo nttwaon em
RP with a | ower work functiomr troea@P uenguril itbhreii
1. b8T.his results in different charges on the 1t
positive charges on the OP and RP sides, res |
for med.

(2) Under iurrtead i atihenf QFimgdetl E&nafcer| ferame
RP. Further mor e, its formation enhances the b

9
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upwards in RP. At the ’"iimt &rhfea cCeB, " ioti h ¢éOPe haitBlo ghd n
recombine wunder t he ceocaunlkdbimbi OPatanhdadiPi, om.esPle
consumewj thustrong reducing ability in RP and
remai n. Con ssecghueermet |hye,t etrhoej uSncti on photocatalys
oxi dation and 9&ihddu ctthiuosn caabni |Ibieipyuyseddct oonef fect

(@ op re (b) or rp () or rp
I I
I
. cB o ~—CB
B! | ----- E; k g+
P = LU
_ iy
vB —F—VB
vBImTT ve I
- <=
liEP lIEP
Before contact After contact Light irradiation
Figu8Ghalitgansf er p rSoccheesnsee sh eitneraonjf usncti on: a)
after contact before irradiation; and c¢c) ph

i rradi9adt]i on

19Cocatal yst

Many <catalysts ar i n ntalcd i ¥alesdmceprofdua ec ¢lc ¢
nanoparticles have been copbotepeddectciedhenA

way to improve photocatalytic efficiency is t
promoting charge separation and providing mor
Fer mi | ev elsse nid ectomedeurc ttore and t he nobl e met al r
formed eanmndd et ie om the semiconduc{®#H]CB towards

The use of an opti mal amount of cocatalyst
of,athd depends on the cocatalyst used, as well
particle. By increasing the amount of cocat é
photocatalytic efficiency iIindecrasese.buThifoori s
i ncrease in the particles si ze, t he unsatis

phenomena can occurhewidtihmeanrsi omsr eods et hien cocat
shielding effect of thle54alctive sites of the p
The noble metals Pd, Ru and Pt are consi de
func[t2.o]sBucocat al yst -GsN4[t9549 Gnuertfaalc eb corfi dges, an
to themeat addmic c[hR7 jJPBtweerriestalcso uxs edNotablpy,odt
cocatal ysts NicSr ummmidaICurSo Ipd afygerch-Gaiule 2 @ ©®)d u @@ 0o n
i mprove the efficiefncy Hienmadtohneg porfo dtuhca i roend wdt i
cocatalysts has also been extensively studied
the movement § 1®&fL]t he charges

1. SO/ nt heti c amdhdréeaonsvdaphoueoat algy

activity

1.10.1 Irradiation sources

One renewabl e and essentially wunlimited so
uséeransformation and/ or storage of sol ar ene
renewabl-eemawarbdre sources. I n t his regard, S

photocatalysis to be a fascinatibgngcseharfen:

10
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It has been demonstrated that the photorefor mi
in the presence of some photocatalllBs can oc

1.10. 2 Temperature

The Ar rehgeunaitui so n describes how 't he rat e o]
temperature according to the activation ener (
charge from the active sites on the surface o
the el ementary steps of a photocatalytfjt0O6eact

107 The dual wuse of solar radiation through b
and its locahemenald [ PO cmsBE@I¢pr ocess that offer
on the produestpeocni aolfl yH t aking into account t h
photoreforming by increasing the temperature.

photocatalytic processes under e X amihnaatt i ame i
suitably designed and with particultae posiitgo
of the irrfadl@ti ng source

1.10.3 pH

Photocatalyttg can be influenced in variou
solution wused. I n fact, the processes are aff
significantly influence the ener gpotpeorstiitalosn of
mol ecul es, the speciation of the substrate ar
species), the surface charge of the semicondu:
c)t,he surface adisespthnool oédthe specreaction,
products or i ntermedi at es, and the aggregati
reaction and charge transfer depend on the ty]
t hbeul k structure of a photocatalyst ifsl1lh]l i kel

1.10.4 Substrate concentration

Substrate concentratlzpcmduad i @anl aAge suimpac t
increases,2prihmbelucaienof ntilreases to a certain j
excessive amounts of ©ubdsoelpl2iloan compete wi

Water is typically requirednfaohet pdrostooied lo
oxygenated compounds. Consequently, the water,
process, although it is possible to carry out
as for examplti ameofdethgrdmiogeaa@ai d or the decom
al so be notiaddoahbeaitlhe hphwtadt @at al yst surface ¢
ntermedi adechlydroxylfunati on as a proton carr
reacti dnlBcdc]ur s

1.10.5 Catalyst quantity

Thamounft pthet ocatal yst, as i n any heteroge
i mportant and influences many parameters rel:
reaction Kkinetics, and the yield and $ebactiwv
experimentally the opti mal amount of photocat
not only the volume of I|liquid used but al so 1
transmission, and refl ecduroinng htohud td alel marni mao
photons are absorbed by the reacting system.
commonly wused methodology is to gradually ad
reacting system ialmtde dnelaisgmte wihtehta amadn omet er
close to zero. |t canoslitehpgHeotsamedr emat hi snwaiie:
and gi vehfeoirsmeatti/idhpaiofs ewhi ch induce the react

11
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generating heat. Obviously, determining the o
ot her photordddt3Br geometries

1. 60Orrystal structure

The crystal struanhui enpwas acbnéimdeéeoedi as!| ue
Il n the easanatfastea O s generalahygy maoate | apbattaleet Mk
oxygen vacanci eexca&etl etctrfaanmntdhte ipshoeasi er for t
particles present on the surface whpgrcdcd lactti @rs.
The | ow acti ydany bod atuttriilbeutTad to the fact th
trapped itmuicn tunfidhls@ple fSsuatpr i si ngly, brookite tu
in the prHeo[duZx2t2 JoMi xcefd p hvaesrees nodr el i @Ootni¢vde2 3t h a n
12158he transfer of el ectrontso apr ¢gwadhaclgeht sad tjiwrec t
act as recombinat i oerh hwietnh ed ec rf eoars epdh opt hocetxa@d a teadl
good crystalliniteyt rsaingsrhidféifcantl y i mproves

1. TMor phol ogy modi ficati on

| n gepnaerrtailc,l e size 1 s a fhonecamerctoanbi asape ©tn
transfer which is mainly cdretérjdlhhecabgrit ales gl
widely used i n het elrhoeg edheccopueesta tspelc dado csa tzaelhyessi sh. e
photocatalytic p-aofermacoembasatli entirenreduced
[ 142219 Reducing particle size increases surfac
photocatalytic perfor mhmde clrdsatiyae@m aovb & érr \send |
size and higher sblBaAffdhearmreasbor fNaTa®i s i s

interaction capacity of el ectr[oIn3sl]Jand hol es i

l11Photocatalytic water splitting

Photocatal yti nv athhvee sb rsepd ¥Dd a viiyia gafl OHis upa n
hill reaction that is followednainly by a positive shift in the Gibbs free ene(gysé;’@ 237 kdmol)
under standard temperature and pressongitonsT hi s r eac ttioo pthhoes o sy mt has
by green aplsaont&snbiwnc iasl phBROSY hemes ios phot o

gener atbtimnwatf siHs sykowm9 nTIkri gumet hod i s enviro
and is gaining more and mor e[l3Bmpbnt dmace , i mt c
considered an independent procedurechéamical | c
energy.

0, 4":}(_

r ______________________ .: Photocatalytic H,
| 1 production
e ' '
|
| Transportation ~ Power and heat Industry :
1 generation feedstock |
Ry Ry gy S 1
Fi gu9rephloduction in water system

12
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The photocatal ysdiisc pprroopdourcttiioonnal oft oH t he amo
el ectrons. To i mpapoveutche oph & rhaame mceoyn saufmeH ph ot
el ectrons must be avoided or reduced. Any pr oc
must bieggea&tncomstiheéesamieonj me a photocatalyst
and reflection or scattering oftonabsenb mhogeé:

112Phot orefor mi ng

Photoreforming, aloomng hwi toht hiwmyv @lravnesisp | ti H ¢ | pge
organic compoundana@scseasesHchbamppnegBdatefthe u:
wataenrd coaan e mmarver irliyse to the form@hewmnt od sadn

compounds are bioavailable oxygenated organi
irradiation, the process has virtually zero n
substrate has a | arsgeaiipndpi4lti toyn t he overall s
1 3%acrificial agent s

Phot oc adpaloydtuict ihn from water in the preser

i . e.s[ BlWwparomati ¢ 183&inA Gu npdisd § me t[hla3nBold t [h A D]
et hy[lledeOshi no[ Adilfios il 2famnal 4 @t thBas deiechs carri e
the presence of di fferent semiconductwas . It
obtained through photoreforming reactions <co
splitting.

Most of the studies done usia@r vibeyd deessttd rngc

more or | ess sophisticated maptearfioalmaaase @dHudtoo
concerned mechanistic issues and the influenc
often used as sacrificial agent s. Met hanol [
structure allows an easimechamdiesms anBangi odl a

the photoreformbngaprotadbst easebsomates such a
that come from [biblNgt aally ,sutblseé gs@atmsl ecul es, i

sacrificial agent s, can form high added val
simultaneously and in txandiesc ws dTdndet lhaytpger @d u ste
agent and t hecapoaslsyishtl yarvesedvocagarticularly i mp
performance. I n the foll owing section, some s
1311 Met hanol

Met hanol is consiftleretdhanpnprdaeadti mokaotbtlyETre:
walsy pot htehsaitzeidc was the best and i deal feedsto
of methanol, in fact, produces formal dechyde a
and..COt is the most usedodacebsftbealgsrwaigiehe s t b e
the same initial concentration, but no valuab

[ 144, 145]
1312 Gl ucose

Since the Gibbs free energy of thexfmreanct i ol
saccharides such as glucose ref oHynd mgl yissi st ho

cellul ose canwaptewiaderglfuoansd.ood processing a
sugars. Consequently, a vari esduyimnfg agdtuaxcloysset @ sf
hedeen investigated and the presagmaed odf fPitc ihar

[112,146, 147.

13
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1313 Fructose

Fructose, derived from celdvalosge,compoubes
sustainabl e mode. | n ppraordeuiccteca halk , mhegwi tah Bbadt
hydr og ebhaytdiroomx,y met hyl furfural through dehydr
erythanddbbyg parti §a5mM8¥d.dat i on

1314 Glycerol

It I's very interesting to use 2¢hyoegdl tae
photoreform@liygeredctisoproduced and accumul at e
approxildaveéprpoyduct s from the biodiesel manuf ac
considered a wasitoen anydpintdsd avoamipogruiHd s wikbtyh hi gh
usitrhe photocatalytic method in a green condit
tested with xwbhgcéehel moblultdp5hdg @l ar one

1.315 Et hanol

Et hanol, whiodhceanomean industrial scale f
or lignocellulose), is widedayduwsthuedo perdo dausc tas sfac
from the photoreforming of ethanol are acetaldd

further oxidation depending on the reaction t
ot her products i2 e. ethlanbmecCd)aordarébHinCOmono xi c
and et hy) emer  C4 1181 6560und6o

113. 6 Fur furyl al cohol

Furfuryisabhsetol i ntermediate in the produc
which is widely employed in agrochemical, pha
a | arge sopbhbele)d biofuel

113. 7 Tri et hanol ami ne

Triethanol aimeindee | (yT EuGsAed i n paianast,h eado sf meetlidt
however, bei ng anacanmr g a mioog egueotic | eust ama r nafnudl for |
and animals when|[[A6ddDauretcsiiop| ex 0 Sy $ Lientuerree,s tiitn ¢
t o coimbs nekegr adnwattiho np hport eqraeastsailcit @B & | H

1 4Hi gh -sdtded product s

Hex ose whuigcahr sderi ve(dmmomenbcte |l biud ma ssa nc obnes t i -
further dehydrated tdy @prd @ax f me tmh yrho I[fd@uflQersa | a s (
Particluucaodey ,amdhef most oad,undaan kearbodd diratgersag
val ue compxdunadss ar abi noseaeci dearyd bt @dmiac gus ¢t an i«
mo de .

Gluconic acid and iatre dedieVv gt iuse dc amp du mdvs

agents to eliminate calcareous and corrosion |
agent I ndustries. Wor | dwi de, gluconic aci d he
produced bwpwotbgilbciapB.&EPcmMhcqaesd i s a common clt
utilized in the biochemical, agrarian, phar ma
Il t' s uswualfloywfsumedlde drroas a derivative [0fI71he p
D-arabinose is required for the production of

food swdag2EPbngt hr ose i s @ompdoecd upsree i @n tsil wevs t
of tumor[sl7i31 mi ce

14
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1 5A1l cohols and al dehydes
For the selective oxitceedn meas pdndirmgnadli cde @y

met hods wusually wuse organiinc tshoel vpeentdrse macte e soe\ne
per manganate ions as .9hios stlhe aanegthr iecn eorxgyyg ecno sd o |
waswican be eliminated through efficient, gl

Al dehydes -anoduobtwsewvlmpypd i cati ons in food, b e\
fragrances andl-p#dr maceutical s

1160rganic drugs removal

1611 Advancepr oxe siae¢ s on

Water is the fundbebermmal insednaofn IBwmamces
aquifers and the desalination of sea water whi
the growth of population and industrializatio
by agridultndualtraal waste. As a result, one o

t heS'c2Int ury may be the Scuisetnatiinfaibcl es oucsieetgf i wa
devel opment of sustai[nlad8]le and green technol o
Due to the rapidowargroawi npgr oddeursamsd t o treat

phar maceutical companies are expanding signitf
present in drugs are wilids89dptreadenwatbe, ehakes
waters, ur ban wastewater and drinking water,
bet ween ng a[nldd BD3 Fouerrt hleirtneorr e, it must be kep
presence, synergistic interactions can occur
increase[d@ddtfloxicity

Drugs ar e beaiefnfditcewnim wtaad er systems through
treat ment met hods due to their particul arly
degradation and their[ h8lsBho ]| Aydardophiolniad mre ¢ b e
bi ol ogi cadll8t7rpaedastpraerBthanof 189 fatdi ane mbr 4 L& OJi or e
have been used for their removal, but these m
rise to a transfer of t he dall8lbuht anrhti sr actohnetre xtt
met abolites are not completely removed thus i
from treaf m@Thike rpelfaonrtes, al ternative fECtCOhol ogi e

Among the different methods for drug remov.
be considered economi c &le,c hinledgooighd st ramyd phda rgshil syt
mol edq WIABs3 ] AOPs are generally knowaand oungeal esagtti
oxidizing species ®Hyh @ agdrouper ornibleabsi 01
These species al most al ways £hasd complganecmcrt

of the attacked mol ecule and, under certain
environmental 1pdiFmotr ofx ampé e, they are highly
drinking water free of organic,[ lImnbo]j]Tfganimai 8t
advantage of AOPs compared to other avail abl e
ecol ogical not only because they do not invol

(think for example of byhehpmeciapi sabisomanckspo
but also do not produce|[ LAal®gld quantities of h

AOPs can be used alone or i n -cchoenmbiicnaalt iporno cwei
depending on the properties of the wastewater
principle, process coupling easasivahéeéagébusi &
treat ment . For exampl e,-t AO®Xtsmecrotu | it ebpe tucs etdr aal
bi orecalcitrant mol ecul es into other mor e ea:

subjected t ea rieiadIncegetrc,a lHopvesdr ugs contai ning bi

15
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biologicaeadt meret followeagmehemmcghtpasso be d

bi odegradabl e substances can be easily elimin
not comparable to that p198] chemical oxidizin

All AOPs i#w3voluverohectnon of the main oxic
combination of these species with contaminant
i mpact on t habareefaocrtmavtei osnp eocfi es, whi ch are mainl
scavenging, ot her factors including hydrodyna

effectivel y 1ldeB8gDirfofye rdernutgst ypes of 1AORsr aearwe i | |
di stes®rogboneousatal ysi s.

Electrochemical

Fenton/ Advanced \S\Aembrane

./ Ultrasonic

based ) ) based
Oxidation

_— Processes /
Ozone Ultrasonic

based
Heterogeneous
Photocatalysis

Figul®i 1ferent advanced oxidation pr

Heterogeneous photocatalysssan example oAOP and ithas been extensively studied
over the past two decades and applied to drug degradation. This method appears to be more
effective than other AOPs since some semiconductors are gerea@atgmicand norselective,
i.e. they can easily mineralize a large variety of toxic organic molecule® 9 P Dhe molecules
can bedegradedn subsequent steps and are transformed intetaxaa products until complete
mineralization into HO and CQ and any inorganic ions containing heteroatoms present in the
treatedorganic moleculg] 2 0Thé photocatalytic mechanism of drug degradation is reported in
Figurel.11:

Reduction

A
] H,0

Oxidation

FigutPhbtocatal ytic mechanism of drugs

16
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I n this study, atotmenmotnilyn usaes lragaed comMr ugs
oxytetracycline and |l incomycin.

116. 2 Tetracycline

Tetracycline (TC), a traditional oatnhd bi ot
prevention and cure of iIinfe@bd2loGscadntsaiasesdif
functional groups, such as acyl amino, phenol
conjugated double bond structure. TC, togethe
systems becausempltetedrynoabshog PeAddoiyt i @mmagd riys m:
excessi vieChdees ttaife human body, problems 1|ike
can ¢c6O¥d, it is important to develop a techn
cost.

116. 3 Oxytetracycline

Oxytetr alt@tchlaitn eb e(lG n g st ettor atichyec &fi anreidleyy yo fus e d
forumamd abemhpg@9d6TC is wused to treat a varie
pneumoni a, c hr owmri ect hborriotnicsh,i tass,wealnld ®&sef bs boo
wor | davd pdlei,c aQTi G ehdasuwidt h irna ntgeg &tf og &L n ,s ofirle s h
wataenmwd wastewater|[ 48 e®U@®@ntos bploactcaa mul ati on,
aguatic organisms and ecosysteims eovaenhatmithe
cycle of the ecos[lysGBmeraerdrdrenviitronmemtecessar
techni queOTt@r aom maapggelri es .

116. i ncomyci n

Li ncomyM)i,n oneC of t haen tciobfirstnilbogsemns édund i n n
and wast ewapleah2t®Gr7e. a tBMfi®{tr esi st ant to degradat
structurccaedi phYy s idRar9dicnt eag wsatiiccs e c dsnyasyt e ms ,

|l ead to bacteri al resistance[ 2h@, thelJjds seemobon
t hat some resear ch hatgeinredi ccaatne db et htart a ntshfeesrer e
humans through2l1f¢Fowr tdhlreaimogs e, It has a numbe
organisms, including geh»1®Kicity and growth
117Phot ocataat pt sc Re

Il n general, the photoreactors used shoul d

obttalhe concentration data of bothinheé heulgatsra
phaseof Fakbke reactor valppme pdglmidrheg ytblee sread e@tdi
t hienloét air which could decrease the efficienc
exchange of gaseous species between the react
the correct dExdervmil mgpteidan Fofr ttHoet h er @ eesacrt ,or a sl
be equipped withmadMorsp\varead mmarn efre atl sr e of

devi aesuipvabteoning ofwithle reéadprawtalnonsed.e e de

its very i mportant to have a uniform distribu
For irradiation systems placed outside the re
case of | amps i mmersveldunmmeyeict |l iysimetcdbesaerpctar
the reactor and the | amp.

Anot her i mportant characteristic of t he r ¢
which all ows the accumulation of the gaseous

ports are required atonhtte dlolpowfan hienagretacd @s :
l i qui d dnsagedetuCepea esent 1 n tadwo ihdd aaddsapdarc € hand
reacvaolngmé@he secoonmWdsmachh whicd gas and | iquid
respecti vetllyponAs nbtamtsarss are concerned, what

17
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regarding tightness remains valid. However, |
chromatographdaoaeanal ysisslow Hroductivity. The
an accumul at jaotn tvhoel uonuet |oeft Hvhi ch all ows it to

Thearctor confngugeat®hiaignildben

N,/He bubbling

Liquid sample withdrawn

~

Gas samplewithdrawn

Cooling jacket

Reactingdispersion

Lamp

Magnetic bar

Figutr®Reactor configur atpgromddomtri gorhot oc at
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CHAPTER 2
2 . Sttahtee aorft

2.1 Photoreforming of biomass deri va

Sevetaldriensggrste mi ni mi ze t hd iemderady earniastea sv ea
as hydrogen gas through the photoreforming of
based and aphetmoat ysesTi O

Jiand ledthjaésmeghhaadl photoreforming bn the
(P25) 1l oaded nagdp ho dPu c toibu iati yn o f1h'3Y8a0negt N[a211340] mmo
usedsyrmtehd@s ICE€dd or t he photorefiomrimiimd ofonmenHh
16. 66 %)hpea o d Hoveads 5 8 cdBlL. Yu aent [&2115B5H v e s tMio @Rit.@ d
photocéalalgyodt) the photoref(ornitnigal ofcomeiemamal i
product i osmoglahd, 23164.54 t i mesnanghleeet han Ti O

The selective glucose oxidation to glucon

arabi nesyt amase i s particularly attractive be:
empl oyed. I n particul ar, gluconic acid and it
detergents an[d2 1f 6o,.0Fd2 di&rn] dwsreed miosaetr h e f cellul ose
convertaagdgdrakxypymé&t hyl furfur al in a catalytical

water by mi crowawe bkeactonmvger 6 ed selectively
Bi OBr / Zxn@Sne@Be bl ar dj31lat edi eed .t he photorefor mi:H
di ffeTefdtasPd photocat:ainygs ths gwaltamad epdngd tHct s at
t i .nCea i ¢ 2 1s8yint has inoeca | bi ocharcat ptpeysstteedd fCodrS/ t
photorefor mi ndlpofo dgulcuafooate2. wZTgh ehita ntdligee | ect i vi t -
t owaarcdestdicd6 va%$ %Mo Na OH sol utai dror mivici laei d s el
60. 29%anddacHi on OERclava®9s enimp ¢ 8 giBMAsN& ut i on

Ei sapb y &I109]t aimed Hi qui d plr-dd3dbgtdsosyabetasn
glycerdalnddhydierda mplgadye er olb ypshibntgdr-@hot micmag al yst

Il n t hiTsOwsoerlkect ed due to i henaxiaohadtpewr i st i
environment al Il mpact, significant oxidi-zing p
term phof 22 @Rabp  é ¢ iybiussd;ws p kb dt oalatt earl nyksti@se e e t 0
expliom edlrodorver come some oe@sudchead i thV tlaitglotn sa offi
selectivity towards selectellnchphantocnmanbebraciial p haa
home prTe g@anrde gdbh & §pehdot o0 c wd resdyynd thdbgi ded f er ent me t |
used the pridsemeamtobi omasacdiefri Fhadreegensedi a
phaseswefr eTi@vestigated in diffetdéreab reemctloats
ompil ot plant scawaes pnhoodtiofrieeadc twirt.h T9 M, ot her
CuO,20Nband platinum by means ,ofeslpalclt i mielllyi n @
the photocat al atriod ueftfiiomi.ency f or H

Tabl e 2.1 soumnaeriezteudr s ruesled to® @ sdeant 4 Ihyest s f
the photocatalytio bhhdr plgddepgreadatstaican fi ci al
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Tabd i based catalpsbduosednfor H

Photoca Ligh CatalSacr.i H2 l rradi Refer e
sour |l oad agen produc ti me
g/ L rat e
[ mmbig?
Ni-DiO UV 30 0.2 Metha 813 >5 [ 223
Hi gh
presscs
Hg | a
&> 40
nm
CuO/ T2i C 300 1 Met ha 24. 83 10 [ 224
XxXeno
| a ma,
420 1
CuO/ Toi C vi si 0.2 Et hyl 130 - [ 225
[ i geht gl yc:
400 1
NixTi20 500 0.0 Glyce 0.320 4 [ 226
hi-gh
presscs
Hg | &
P25 Nat ul 1 Gl uco 2218 3. [ 227
sun | emo It g
P{Ti©ONO. 2 Nat ui 1 Gl uco 3734 3. [ 50]
sun | emo It g
CuTi20 500W 0.4 Metha 0.283 5 [ 228
hal oc¢
I a nep,
400 1
FeOs-Ti2O 300W 0. 3<NaS/ bpba 7.253 7 [ 229
| a neo, O3
420 1
AuGraph 3W LE 0.62 Met ha 0. 296 [ 230
Ti20 | amp
=420
P{CuO-P25 125W 0.3 Glyce 0.17 5 [ 55]
Il amp
F & a 10 450W 0.6 Metha 0.013 4 [ 231
Tioi / Ni Il amp
Ta
PAgGaS 450W 1 NaS/ pba 4. 2 3. [ 232
Ti20 | a mep, O3
420 1
PHeCaiOp 300X& 0. 2 Kl 0.28 5 [ 233
Ti20 > O
nm
PiTa0s-1 403 300 W 1.5 Met ha 0.01 8 [ 234
> O
nm
2.2 Parti aHM®&axnad actoihoon so f
2. 2.1 HMF
HMF i s a promising and useful bi omass
valaudeded compoundls f sumhl fawsrfadr, - By ED&hcarSboxyl i c
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( FCA) -haynddr o y2sheutr raynl car boxyl[i2c2 37 i D Q HMF ClAg e d
phar maceuti cal i ndustry, as antifungal -agent,
relating agents of poly vinyl al cohol to be
used i n mMeadd&RkRor fieé doxi dati on obfasHMF cianttaol yFD
used ,aht bbluegshe v er yareef faelcsto vweer y expensive and
resul t, It can be challenging to design high
precious metals for the oxidation of HMF to F

| | kaev[fa2 3e9h)vasti gat ed -hHyhder coxxyi ndeatt h yolnf uorff ubr a |
furandicarboxal dehyde (FDCGhydhogoemhpeody mee i &
HxO2) under natur aHMFs odanyv ealB@@nswlntelc t i vi ty of
respecStiigwe |l &l400bjt aasneelde cttoiwa2riflys r andi car boxyl i c a
hi ghe90%htalmr ough the oxi datlaiasoft hkMh hoW be it ra
intermedi at e pr ehdyudartosx yifmerRahreyd b wey ki & aci-d ( HMF
for-mykaxmr boxyl i c acid (FFCA).

2.2.2 Al cohol s

One of t he mai n obydmeswvregandfc rsegmdrhtesi s
environmentallyofhdemfimldusomdial i gmocesomnewi th
A mo n g theseectye oxidation of hydroxyl groups to carbonyl ones has a major imgadt 1 ,

24 2]

Bel | &t di2tdaX]pltohreeds el ecti ve oxi dlmegn oyl odl doH
(BAYmetdhoxy bendMBKRA)abhodhopl pedonylt heebcodop o AN
aldehydes-dbgpedsgngp®i t i-@Ngd aar bpaurr en imtartiede a(ngd s
i ght iQamari [a@d 4dnle. st hsgealteecd | v e -MBKA d(actoi novne rosfi o4n
%, sel ecti vintiyt ro®%)z yNBAY | H clonlvefr4i on >85 %,
into their correspondi nBiwWDQiehy de2sAHajint hbei ped
NtAu mo diCiNipehdotgoc atsatl-ypst pibyt madeposahdondmeetdod
t hper oduct{ 47nEm®I5 Hhdatand ffourrniquizid@&mdld "ddatf r om
f ur fad rcaolh o | aguekeaohiis@ sdWwatt ba. oxi dation of di f
corresponding aldehydes with different cataly
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Tabl €a21t2 al oxidation of different alcohol s
di fferentn datealpyrsetssence of water or di
Cat al Al coh Product Catal Sol v« Il niti Refere
dos a concent
(gl l ( mmol )
TioQHF BA BAI d ( S= 0.2 Wat e 1 [ 246
2-MB A 2-MBAI d ( S-=
3-MB A 3MBAI d (S
4-MB A 4-MBAIl d (S
2,4 DN 2,4 DMBA
4-HB A ( S=60 %)
4-H-3-MBA 4HBAI d (S
(x=50¢ 4-H-3-MBAI d
(S=1. 8%
TiCo- FA d9%9 % FAIl @ 4 %) 0.01 ACN 0.5 [ 247
Ti0O CA Q90 % CA @S %)
(MT5 VA (43% VA @99 %)
PdOx 2propa Acetone 1 Wat e 1 3 0nod [ 248
W03 ( X= 9 ( 88 0 %)
Z n #Sn BA BAI d (S=¢ 0. 0¢€ - 0.5 [ 249
( X=69.
Au/ Cu BA BAIl d (S=¢0.1 N o 10 [ 250
( X=58. 10 mr sol v
BA
Au/ Mn BA BAIl d (S=¢ 0.1 N o 10 [ 250
(X=12. 10 mr sol v
BA
Au/ Ni BA BAIl d (S=¢ 0.1 N o 10 [ 250
( X=40. 10 mr sol v
BA
Au/ Co BA BAIld (S=70.1 N o 10 [ 250
(X=28. 10 mr sol v
BA
Au/.Gze BA ( X=: BAld (S=710.1 No 10 [ 250"
10 mr sol v
BA
Au/@QGsr BA ( X=¢ BAIld (S=¢0.1 N o 10 [ 250
10 mr sol v
BA
Au/@&l BA (X=: BAI d (S=¢0.1 N o 10 [ 250
10 mr sol v
BA
Aul/ i BA BAIl d (S=¢0.1 N o 10 [ 250
( X=30. 10 mr sol v
BA
3 wt Phenyl ¢ Acetophe 0. 05iBenzo 0.5 [ 251
Aul/sANli ( X=89. (S= > 9¢0.5mr uori
HT of
Pheny
anol
Aul/ Ge PA PAI(B=100 N o [ 252
(X= 4¢€ sol v
PA PAI d (S=: N o [ 252
Au/l Ge ( X= 6E¢ sol v
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2.3 Organic drugs removal
The first photochemical oxi dat2i53n 973 Cwiva

studied the behavior of TC under UV | ight 1irr
proceeds by sever-dcadamitregtsi otnh roofu ghC pfholtloowed b
formed tetracycline radiic@gl a wpermhoxnoll ercad iac alox

gi vingar rhyer dmeRiomnxa ldley , hydr oper oxAdicca ndce ceotmp @ Is
[254] carri ed out t he photocatal yt,jcitdeegrnagatia
' i ncomycin, and r ani ipiodwdneer si n( Diehgeu spsrae sPe2n5c ea nodf
i r r a dTCavasialnast completely mineralized in the presence of D&gussa P25, whereas
the initial TOC of ranitidine and lincomycin was reduced by @@ able 2.3 shows the results
of TC degradation with different catalysts.

The photocatalytic method i nFes/hMIILPLEBEEehCeE
all owed the occurrence 7off 8W.Cl%nd &SPMEC dTust @s o f

CuNGz@anomaterials were wutilized to effectiwv
cont apienrisnfgl2ff8Btletex cel | ent adsorption characteris
MWCNT&GuU Nibgeombi nati on, which also successfully
for drug removatcatBayl yussti nwgi t1h0 ammg ilni t i al conce
mg 1L 88. 6% degrad aStQ" @ m® My aasd i accaH ise vceaglputcLthr ient gh aangpe
and i sopropyl alcohol were used to investigate

the presence of these quenching agent s redu
CuNiGeonfirming the active role of these radi ¢
Di Paolla7@fnabkstigated the degradation and

with three different concentrations (10, 20,
reactor withDegmesmaciP2I5.TiSQI fate, ammoni um, a
a result of the LCM mineralizati on.

Gao dt28®@llssynt hessphedoZatal yst and tested i
LCM, within 90 minutes under visiblepdewgda th
fi-ostter constaht of 0.0285 min

Tibased nanomateri alzsn,anionabediamg aJNAs T NW
nanowires on nalnNobAsu b edmMdvVglalyddAs, Awmer e devel ope
photocatalytic degradation df28ardmltNWsi/oTtNAss sihno\
hi gher activity than TNAMWI/uENAD dhhowed tshue fhic
unde#wI BV or VI & xihrirtbadii aatgi a0 % ef fMcoroelyt i at i2d
500 nYy wmbLth r edctRibdmnd ad® e®9 @ emmiprecti vely. The
AUTNWs/ TNAs can be ascribed to the synergistioc
pl asmonic effectAuignu gAu dmadBmapm anattl eMil elslat o Kk €n d o
by photocatalytic oxidation i n aqguea@usussiunsgp ean
hybrid system consisting of a sol ar pMotorea
concentration was 20 OM. -Thestrepodéedwki heti
rejectiMand oirt sLCoxi dation product s.
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Tabl &e3ud3ts related to TC degradation with

Photocat I rradi TC Cat al TC Rerfe n

Concent quant degr ad:
(mgL'™) (ght

Ti20 Ul tray 32. 44 0.5 100 % [ 257
50 %
mi ner al

CiNiS tri d Visibl 5.0 0.5 99% 18( [ 258
26 %
mi ner al

UF g04/T i 20 50W 30 0.61 97.5% [ 2509

Hal og
CuOiTi20 Vi si bl 100 1.5 100 %, € [ 260

CuO coupl e
Ti@anotu

MWCNT/ hia® uvce 10 0.2 100% 10 [261
composi  irradi 37.3%
mi ner al
Ti200CsNs Xenor 20 0.1 100% [ 262
Lamp
Graphitic Visib 10 1 77% 12 [ 263
ni tride Light
5PANI /DU F UWIi s 50 0.1 86% 12( [264
95 %
mi ner al
BiTiO;( BTO) Vi si bl 25 0.1 88.2% 1 [265
CuOhrG:e uv 20 0. 05 88% 50 [ 266
Zn OF 603 UW i si 30 0.01 88.52% [267
l i gh mi n
Bl ack grap UW:is 30 0.0592% 12( [ 2638
nitri-Be
Agl / Bi VC 300 V 20 0.0394.91% [ 269
Xenon 90. 5
mi ner al
Ui - ENDCTCBNs UVVi s 30 1 95% 12(C [270
Il i gh 49 %
mi ner al
3% S/NE3Ns Vi si b 30 0.5 95.90% [ 271
Light mi n
[ (LUL)ARHN Vi si bl 20 0.01 97.91% [ 272
mi n
ZnO/ MOJ/FEs Natur a 30 0.02 98% 20 [ 273
Li ght 90 %
mi ner al
B S 8O/ BMo © 3 0W- 20 0.0398.7% 1 [274
Xenon 56. 4
mi ner al
MI 48 8 A Vi si bl 200 0.25 99. 8% [ 275
Ui 06 Visib 20 0.02 100% 6C [ 276

N B@WQs CC Li ght

As a hi ghhegtfalfefeequhioatleoy st , gr aphisNgi cshcamaws on
pr omibeihragif oo t he degradation of drugs. By adju
extraction, canal pddiitog h@ ad yt Novasathianicteyl @aindg b
the degradation rattEMamdercowniveirili enl digy8 2jer o4& c
Carbon quantum dots (CDs) were added Fgs <cocse
graphene oxide (rGO) was employed to i mprove
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phot ocragd saudyps&d-g /z:Mkex hi bi ting a tenfold increas
compared to WNsAd teerri dli8Malmign/u@ es, 99%adtigmagdfart o
an iditpadntr at0®nmge fTLhe active/§f)/5@ldieash,d shu c h
contribute differfeomaghott mcdthal detgr adati on

Me t-aarlgani ¢ f r a nbeawsoerdk sp h(oMF)atl&CMy i o gt Baa bine
F300 as catalyst in tdoe  0F)eswasceyKmpinrttogd abhxii da

all 284]JResults showed that the drug elimination
concentis@0i g/ L) affected the process rate. T
degradation was 100 mg/ L for booft hMQoFxsi dwaanst sd. e gAr
according to photolysis studies. The Aot o ca
an oxidant in order to stlldy stulrd apcheoti d oena tsa It yet
type activity, weiaskedsyegr qid@tvin® alaldyWeidnc rH h e

degradation increased to 95% in 90 minutes,

het er ogenkfentsom hrordgaoct-sohe sxx@aptl vVHNg Fe
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24A1 mnd stobctbeewor Kk

Thai m owortkhicsmihlsi e¢ spart s
1. Thproduction of hi kb hv aplhgdt ocrheefdoi r€Enki ensge aobfd
sacr i fi thbhper easgeehnci@®so o if & magl dt e rpnhacttadval y st s.

2.Partial axooaltadcmdodHMF.

3.Remoefalorganic drugs

Il n particular, theChap stea@hpadprite @imalplt-letrie edc ov e |
photoreforming of aqueous glucose antiohdedt os
homemade b@sTeQaantda INNbst s was investigated t o ma
both hydrogen and valChalplt-keffctlesnedabnpcompati
metlaodla@ BTt 20 and nobl e metTilP ffroere pchad tad ryesftosr nfi Qnug
fructose at ambient conditions with the aim ¢
surface c¢haGQhaacptteerrdBsT i-®25 (M = Cu, Ni, Co, Zn)
synthesized by a simple ball milling -meebod Db
Tibased photocatalysts were used to carry out
si mul tHApmreodissct i on under si mubBbhapGedgdleamhlyitplatc t
of 2BIN@ -Thie@Zn3)n cat al ysts wasprcoodnpcatrieadn fiomr tthhee
di fferent sacrificial agents (furfuryl alcoho
produced the formati onhat., [dfuhr &HpuTrledrlh ei rc opnanrea Icli &
sampl O 2(5u prepared throughpribalulctmiolnl ohghwere
photoarmifng of biomyseroderi adtuicwesse, (@t hanol anc
pil otscmlleentphot oreactor under. dimectthhes ueaf @it
CuOpercentages and ball milling parameters s
ChaptTlebovetrheed i nvebtbmgatpir e p alolem)o ¢ iat iaé gOswiitah Cu
ball miplhloitnogc aftcarl yti ¢ hydrogen production thr
acid, ethanol, and glucose at a pilot plant s

The second part wi Chap&eaemdai@hap8deersbei bedna
chal cogefwaes pmlbey aa esli mpl e hydrot her mal met ho
t hi oac,etlmmiwleer sally wused as a precursor, has |
with the harzZzmli®was t hfeosrtt etdlee par ti al oxidati on
alcohols to their correswnodermaod adledebyptdari hiwg
The photocat al ¥tnitSnhw o nfipoar rneadn aveii @R 5 €Chap9 er
the partial oxidati on ohdgelMFe nt oc ohnidg ht ivoanl su ew acso I
using various photocatalysts almased ramdd adli bpar
phot ocat@,l ywGus:Ne ( B®) nwere chosen with the aim c
activity but also the selectienvtiyr oinnmetneeaadd ar t
conditions.

The | ast part Cdfapwemk mhihlelhdegyamdati on of
such as tetracycl ine, waxsytdeesrtatperbedsdeme ea rod Idii
photocatal ysts. I n this study, mi neralization
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CHAPTER 3

3. Materi als and met hods

3. Chemical s

Titanium tetrachlorhaeolt ayiduvumCchVpri so@mrcopo
TI,AT oliVym c hRIlouri drei cco pRle7(,1 ) chl oride, ni obi un
chl oreide, chl ori de, thiourea, benzyni talobemaly,l
al cobhnalt,r obenzail dedlyemrznoedch oaxcyibde,n zrkel t dheohxyydbee,n z4 |
acidhydkeoxybenzyhydaloxghehzylBy il denlyemz-oi 2 a c
hydroxybenzhlydrdxpyhenh z y-h4 darl odxeyhbyednez,0i €4 aci d, f
furf ddrualoyi c2 aci d, piperonyl alcohol, piperonal
al deeehyy cinnamic acid, vanimeybhmaheohwol ncvanet b
nnobi um( W)l uacxwiskke, fructosg)] uanabrcnaséegd yehytolni c
cobal tous nitniatkeel dxahynd diartast ,eni h exad ey thrextachgy dir
were pur chastelddtfircoom Si g ma

|l ndium chillabjfede tthoaxmbenzyl aCopbpbelr (FFrpmni
tri hCdi( &88ae0 almids mut h (11 1) nmBit(eitkHe pdemakydnat e
wemnmsed without further purification.

Theommer ci alussampwteaisei um diBDOXAde oxXirchendP 25
copper (I )O)o XRidbed € ICHAIxttnhr apur e dwadaonused twharteugh
study.

3.2 Analytical determinations

3.2.1 -HPLC
HPLLC wanspl| 6 pedt he i dentification of high va

fructose, glycerol, furfuryl alcohol and HMF
A Ther mo Scientific Di onex ultimate 3000
refractive index detectors, was used for the

for i dentifyi ng.Tthhee ierl ureenatc tyba@engapea2outsu okl It i on,
rate wami M.&ndilLt he col umn was "OrRBhendmarce>x RE:

3.2HPLCI

HPL-CI was used t o examine t he degradati c
corresponding aldehydes and also for removal

A Beckman coulter HPLC apparatus supplied
identify and to calculate the concentrations
Phenomenex dgn CEAEBEK OS5 umn was used, &ndcdrhsei =t arc
of a mixture of acetonitrile and 13 mM triflu

thent er neldlicaweadcddant i fy the products and to obt

3. 3GC

On | ab HPc 18,0 &eries GC System equipped wi
60/ 80 CHrmoxeamand a thermal conductivity detec
contepanddfdui ng the reactions carried out 1in

During the pil oan AgidntaTedhnolegesa Mi@oGG 490 digrp gas
chromatograph with a thermal conductivity detector (TCD) and a CP MolSieve 5A column channel
(10 m, with retention time stability and backflush) was used for the quantification of the generated
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H>, which was evaluated online with an average determination error of less than 2.5%.
Measurements were done every 10 minutes. The transformation of the area peak iRtoWasof
done thanks to a calibration curve carried out with mixtures aild N of known concentration.

3. 2Phot ons absorbance

A radiometer was used to check the opti mum
ca. 90% of the pholhy nmperefmartmierdg btyr arhsemil tatmgpn c e

3. 8L.ntensity of solar radiation

The solar irradiatdi oaemv eways mmiersstuagoenskstieiy: roaK i
Zonen E8&BQ nm) installed on a platform at th
collector (CPC) (37U, local latitude).

3. BTemperatur e

Using a Pt lD&t 4§ HD@2d@®&r. 2Cent esi mal Ther momet
reaction mixture inside the tank, the tempera

3. D.H7

The pH was measured by wusing a multimeter

3. Zo8oabaocack{amanal yzer

Tot al organic carbon (TOC) was measured us|
was equipped with an autonomous auto sampl e i
of the drugs.

For pilot plBQC asrcal vz sdLu@yoNd, @l S hTiadn§a dwz a1 § J &
used to measure the dissolved organic carbon

3. 9UMvi s spectrophotometry

A UWi si ble Shimadzu 2401 PC spectrophot ome
spectra of the sdaumpilnegs tthheatr uwnesr.e t aken

For pil ot plglycerdl coscentrdtian wasalyzedybyusinga colorimetric
analysis, inwhich a dark pink color was produced (Quinoneimine Dye intermediate) that can be
determined by UWvis spectrophotometry at a wavelength of 500 nm.

3.2l.d®i c chromatography

Carboxylic aci ds for med during t he phot o
mi neralization of sacrificial agents,94wWer e ¢
Professional wiQ hVatelkeb edddZda pMetdroadlurh eAG, . SWhezer |
system was establishei@50n(25PMEMRMOSER .AN Snnp p DY)
gradi eil€Q0063NHp@ Las the mobile phadenilmand a f 1 o\

3. 2. GRS
ICP-MS (iCAP TQICRMS, Thermo Scientific) was used for measuring the dissolved Cu
with a standard deviation of less than 2% and a limit of detection of 2.2 hg

3.3 Materials characteri zati ons

3.3.MmaY¥ diffraction (XRD)

X-ray diffraction (XRD) patterns of the inv
di ffractometer (operative at a currrratdiaft i d0O .
The morphol ogy was examined by gcanNowng Baero0ob5
instrument. A small amount of powder sa-mpl es
steel stub.
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33.3.2 Diffuse reflectance spectroscopy (DR

The -WU\ di ffuse refl ectance spec80@ nMRS)
wavelength range at room L2dMie Pt srpeecud siomd o0& «
barium sulgphas etliB8aS©f erence material. Band g
t he modif-MadkKﬂbebglbLﬁB]b,la,gaﬂIﬁSRéthe energy of th

3. 3.3 BrBumeeiderl | er ( BET)

The specific surface areas ( SSA) were det
(Mi cromeritics)}pobiyntusBENTg meheh osdi.ngl e

3.3.4 Raman spectroscopy

Ramapectra of the sampl esi-mwermre rReammmarmnd dd utss
equi pped with a 785 nm diode | aser.

3. 3.-baY¥X photoelectron spectroscopy (XPS)
X-ray photoelectron spectroscopy (XPS) was

(TFS) Escal ab XWUXr axy?PSs omirtche .anPrAilKr to the XPS

were esacwietdh an Ar beam to remove contaminant s

3.3.6 Scanning g(l®EMYon microscop

A Nova NanoSEM scanning electron microscope
of the solid sampl es. It was operated at 20 Kk
vapour deposited.

3.3.7 Transmission electron microscopy (TEI
Tramsmion el ectr on wmisc rpoesrcfooprymedT BEUM)Ii ng a T

el ectron microscope operating at 300 kV. The
i npRopanol , treating with ukl rafsotheée,tsvaospenn s
consecutive-meisime qAuomgrad4d PO ovided by Tedpell a.
at room temperatur e. | ma g e Js pwaacsi nwys eadn dt ot hesv asl

nanoparticles.

3.3.8 Photoluminescence spectroscopy (PL)

The sohite photol uminescence spectra (PL) ¢
ecorded wit HHRWHIifHAeurokriens ckelnnceer spectrome@@0G LS
nm at an excitation wavelength of 300 nm.

-

3. 3 TOmper ature pr ogr(aTlmAne)d sdpeescotrrpa si coonp y

Surface acidic bguistiensg wpeyrrei drienvee aalseda pr obe
El mer Pyris 1 TGA instrument. Sampl es were fi
temperature for 15 minutes to remove contamin
t hen cool edd ptyor i3d9i3n eK waans adsotr beamwunthi la Shkaée uw
catalyst was constant (after about >2r0d mh enlud east
393 K for 2 hours tBDregmempeegcenmepydesongt i q
were recorded in the temperature range from 3

3.3. :0PICO

To determine basic phepwredpiegs wda tt-dIPYOstugy ,f a
profiles were obtainegd(5%)/Heeatsitnrge asma n{p2l 5e smLi/nn
temperature to 398 K (10 K/ min) in the Micro
mi nutes, the samples were cooled to 323 K and
CQwas introducg®BObwodosi/mMmAg Glhto the Ar stream
the samples at 328Br &m ODOkResospmpbe bDhHht €0t he Ar
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monitored over t he -6t3e3mpkKe r(aht euatei nrga nrgeempo f1 03 2K3/ m
Vacuum Ther moStar mass spectrometer.

3. 3D1ffuse reflectance infrareDRFBUS8) er tr

The Diffuse Reflectance I nfrared Fourier Tr
studied catalysts after adsorption of -pRridin
spectrometer equi pped with a mercury cadmium
pl aced in a DRIFTS cesltlr evaans ffriorns tr ohoema tteedmpienr ac
then held at this temperature for 15 minutes
sample was then ocesblfedmitoaBd@3aKbaokgnodnd spec
saturating the catdalnys tc ossurafieaadmen gwikt h2 Oa npiynrut e ¢
catalyst sampl e warsd pluelgeedatwi 393 pkirfeomMN addi t i
excess pyr-idisspecTha Fdn average)owebé seansd:e
393 K.

3. 32Zt a potenti al

Zeta potenti al measurements were perfor med
Red instrument equipped with3a 2Mal mgraof Mal php
was dispersed in 108tmbkrefd dlorr 8umenwatesr (410
M hydrochloric acid and 0.25 M sodium hydroxi ¢
range.

3. 33E1l ectron par amagnestpiecc trreossocnoapnyc e ( EPR)

For the identirfadciaddlons pdcitehse offr etehe cat al
resonance (EPR) wasaperfpeméedometan EBXuker Bi
Ger many) . For the detection of transition met
a tubes and twead i Nnto the sample holder in the E
of superoxidezA)a,nitome reaamglad swd O di ssol ved in
suspension whi c hbywa sanng lhteunradda I&aptelsr essceude nt |y, 100
trapping agehpyrbr,o5b xOhidneeN (hD)OMP O) was added into
stirring, the mixture was placed in a tube ar
chamber for anal yshiysdr okgrl fhpatdetl sdtdipdre ovfas
water to form a 1 mg/ mL suslkpyunssiinogn uwhtircahs owa
Subsequently, 100 mM oflpyrappkmgedg®MP O, anDi
of 1 -aMeHe adtdheed ssinstppensi on. After stirring, t
was fitted into the sample holder in the EPR
for 30 minut esQuuasnitrugn abeBV g(nhL @ImMbH) | amp and da

3. 44Fburtireansform infrared spectroscopy (FTI

The -ATRR spectra were acquired by a Perkin
band width of 2 c¢cm

3.4 Photocatalytic activity

34 Phot ocat al ydaibc seacatlievi t vy

The photacataiyyi cwas studied i ndiamfaer et
substrates, i .eglgkweobanahagdnditUE QAirgyshe ,at como |
temperature and atmospheric pandsSQO® e,h emognaist oprt
and the formation of the limtppepasnesa@ftexsi dat itdre
HMFand drugs removal e X me rtidin@erir t@sp ewneer de a@cow nadtuncot se

Di ffPyeax cylindrical reactors of differen
for the various reactions.c®scdhbawalhisb lilmtdoanae
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the solution for 30 mi-chaust cersp ttioo na cehg weivlei btrhieu ma d
the surface of the catalyst. ANVt éeamphéat 25t Ve mEe
pressurhealHggenoriVdMmpr oA W)59wi t ched on. The init
di fferent substfrrautcetso sseu,c hg laysc egrloulc,o sfeu,r f ur yl al
1 mM, 1 mM, 2 rM, vQ@®.l 5amaMy 1 EI%r e s paercd itvled yr,eact
were carried out at Anatural o pH of the aqueol
t hdei fferent catalysts spemeadstehrea nsoulbnsttsr aw eerse adde

the catalyst surface in the absence of l i ght
mi nut es of stirring of t he srusgpamisi condadiotnit @l
photocatatyitomws | asted 5 h and samples were wi
ti me, and filtered by 2Fo0m sneel nebcrta avbes odfixdl Rdsa,t Mi ol n
and removal of drugs, similar prédoecexperwmena
setup Iis sBaoawn in Figure

N,/He Bubbling
inlet

Gas sample outlet Liquid sample

outlet
Water outlet

Water inlet

UV lamp
Sacrificial agent

Photocatalyst
Reactor

Magnetic stirrer

FigurEx@erli meosaeld 6etupab scale photocata

342Phot ocat algmpi ¢ oasdd haent vy

Theinvestigation wasarried outtthePlataforma Solar de Almeria (latitude: 37.0909° N,
longitude: 2.357° W) in a pilot plant designed with the possibility of creating a reelucti
atmosphere. It consisted of a 10L stainigtel tank connected to a 14.25L Compound Parabolic
Collector (CPC) photoeactor, tilted at 37°, with a 2.1 sunexposed surfacd@he N gas flow
controller (BRONKHORST HITEC; operating range: 2800 NmL-min') was utilized to both
eliminate oxygen from the systeraxtractH> produced in the system and transport it to the
MicroGC analyzer. Before irradiation, the nitrogen flow rate adjsisted to 500 NmL-mih(2
bars) to get anoxic conditions. Then, throughout the experiment, a flow of 60 NmiL(2rtyar)
was fixed. The solution was continuously recirculated from the tank to the CPGrphotor
tubes, at 20 L-mit with a centrifugal pump (PanWorld NHOOPX). A WIKA pressure gauge
(2.5% accuracy class) and a portable thermometer withh OB Delta OHM HD2107.1 sensor
wereused to measure the pressure and the temperature, respectively, inside the CPC.
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The plant was filled with 25 L of demineralized water in each experiment, causing that the
tank headspace was 7.04The airtight tank waslosed after addinthe photocatalyst and the
sacrificial agent and for 75 minutes, a continuous flow rate of 500 mt-ofitlN, was bubbled
into the tank. After 75 minutes, the experiment started by adjusting 1Héow rate to 60
NmL-min?, redirecting the exit of the gas stream from the atmosphere to the gas chromatograph,
initializing thesample HHmeasurements amndthdrawnthe firstsample of the reaction mixture as
time zerol n t he same moment, CPC was uncovered st
carried out for atraldeadti oh.hdAccordndgr to®olaampr
amount of the catalyst @m0 nthanidal0 .gd 7y5)M r(o6. 9
respectTthieveelxyperi ment al setup used for pilot pl

—)

Catalyst + sacrificial
agent +
water

H,to GCe¢—

Water to
tank

Water to
CPC

FigurkRi BoR2 plant scale photoreactor
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CHAPTER 4

PINDBOs-Ti-ased semiconduet or

of glucose and fructos

Il n this chapter, text is adapted from the fol
Muhammad @imavanni Pal mi sano, Reem Al Sakkaf,6 ¢
Gerjav, Leonardo Pal mi sano, VPN bGy-Ti-Obakeddo,

semi conductroafsorfrmirngp hoft ogl ucose akpplfiraud tDsref e
Sci €et, 648, hi15PG30./ dDOIl.:org/ 10. 1016/ )] .apsusdc
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CHAPTER 4

PINBOssTi-based semiconduetormsi hogrop

glucose and fructose aqueous

4-1. 1 Abstract

The conversion of bi omass derivatives i ntoc
condi tiinocnrse aissi ngly attracting the attention o
phorteof or mi ng of aqueous glucose and flrouacdeods e
homemade b@sTeQaantda INNbst s was investigated t o ma
both hydrogen production and valuable chemica
di f feurmace and bul k techniques to discover a
catalyst properties. The -pmoespa-fAetbtbOsRtP,e nft o rs almetl
glucose and fructose comowausitow, twi tamdt hdé ehih
towards partially exipbiszed ocnmmof abPpd chisBHtests®e at
surprisingly, al so i nxsrugdsaecck ;t hmen b anscirceiatsye d fn
measured when only niobstumomgerdebasisc agidteas  wue
Ssimultaneous presence of Pt and niobium oxide

41. 2 Photocatalysts preparation

4-1. 2HdAdme pr edPar ed (

The saamméd HP was prepared by adding titan
aqueous solutiBPhurcomitaiROBEMYg, HLCeadf €1 | owi ng mol
used: TOP( I8MPpH @®40): HCI (0.5): P127 (0.005).
at room temperature for about 4 h and then he
calcined at 773 K for 24 h.

4-1. 2 . 2 20s%NPb

The samples containing niobium weretprepar
the ethanolic soluti-BR WwWe$ otkbeadddaegu3eéee. f 8%
X% indicates the nominal wedght percentage of
4-1. 2 . -8 %P pO-HP

Some 2clatOal ysts were | oadedewdbsht Do wmebhBd.
water (200 mL), g(tbhaml), (dDdmplle (PLtA&d) wer e a

photoreactor. The resulting mixture was stirr
il luminated with a UV |l amp (125 W) for 7 h.
distill ed watneran aonvde nt feonr dor ihe.d i

4-|3Re s walntdls scussi ons

Solid acid catalysts with appropriate amo.l
acidic cemNb@mhayvesbeemshtenbeéuvuekfective in co
and fructose to HMF mai[nd4]. tlhnr oadgdhii tciad m@n it d e€r e
a wdtoéererant solid acid and is therefore suiteé
phase via aBaantGshls i gememuwadalely | owOs-pivObapatedvi:t
sample were prepared to explodit the features
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4-13. 1 Specific surface area (SSA)

The S. S.hAd.npeoépamhetdocat al ysts is higher tha
i ncreases wisboinhemné¢as whn ¢ hoNobsheer vheiRI¢h WeodhHt Phael u e
sampl e

Tabdleg | i sts scohneemipchaylsipcrooperties of the pho
TiPhases, band gap, specific surface areas, a
used.

Tab4ldSome p-bhsemrcoal priompwadpiegamdadtt daileyst s

Sampl e Phase S.S. 4/ Band pHzc
( g’ (eV)
P+ 25 Anat ase 50 3.09 5.00
P# P Anat ase 78 3.05 4. 45
P£2 %NOs-HP Anat ase 75 3.08 4. 16
P#4 %NOs-HP Anat ase 92 3.07 4. 13
P#6 %NOs-HP Anat ase 100 3.08 4. 03
4 %NOs-H P Anat ase 90 2.99 3.67

4-13. X-ray diffraction (XRD)

Fi gultleA 4 hdhws XRD di ffractogrambeocommerpri af
widely awRbalwhe ThOsedhpsepaemmgltealdaaas t he
one conasinsitx toufr e of anatase and Alusto lien, tahse schoom
sampl @anat aspeadkrsgel sutngei skdalkclaéi ng that the pr
alter the crystalNad npee ask s uacstsuocei aotfedlivbi t h t he
bemotj cpdaliebltyo their smalhndmbbethrghategeeeo
A cl ose examination of th4dlA)1Gh)o wse aklsadWwegrdn ats
angles in the presence of an increasindg® amoun
i ons o#%l a@thtei cTe PRYWY2IND] i ons

® 7Nt ®)
LN A
L HA A

24 25 26 27 28 29
2' (degree)

>
Intensity (a.u.)

Pt-69%6NBO,-HP

——Pt-HP

A

—— Pt-2%6Nb20s-HP
—— Pt-4%Nb0s-HP
—— Pt-6%Nb20s-HP

Intensity {a.u.}

Pt-4%NbOs-HP

Intensity (a.u.)
Intensity [a.u.)

Pt-2%NBO,-HP

PtHP

20 25 30 35 40 45 50 55 60 65 70 75 80 100 150 200 250 300 350 400 450 500 550 600 650 700
2' (degree) Raman Shift (cm?)

Fi gédrleXRD patteRamahAX Bac#HPaPBNO-HP,- Pt
4 %NOs-HP ®HOEPONOs-HP sampl es
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4-13. 3 Raman spectroscopy

at

nt

t hi
di f

ma g
fre

att

vac
spe

The Raman spectr a4ldfB aslhlow atnhpel ecsh a(rFai cgtuerrei st
14468em197g em396BYySm 4 ¢ ay, and!(6B3 Wi tcim hi gh
ensity, while the bahamsd aGlsdedmbedveryhctl at
s polymorph is presentlti ncalnoween raoftodun &D
f r actthoaghrearnes ,ar e n o isdoecnitaitfeida bw € hypePatk easmads B\
nifying the main(apeaet &lsd¢upeakpraotgriledsdsiom s |
guencies wbhstchniteateasi vg s N#tHIPe saonpp &r..ed ht &
ri buted to t hed aitnt era oniitdn Ndbf, twhe chi @ause:
ancies*ioassead afr Eemenf 2B Mo rtenoev eXRD trhees R
ctra recorded in different areas of the sa

composition of sampl es.

413. 4 Scanning electron microscopy (SEM)

Fi gdlk2e shows selected SEWntnmh egingedmpditsc toofr st

powders show irregular roundi siBOpamt i e sanwdi t
particles are indistinguishable, probably due
titanium dioxide matrix. After addition of th

n

t he morphology of the samples are observed

Pt-2%Nb,0-HP

89.4 nm

_ Pt-6%Nb,0-HP
2, Pt-4%Nb,0, HP

"2
Y%

2

-

.
3

o

v

Figdr25el ected SEM micrographs of the exar

4-13. VWi di freséectance spectroscopy (DRS)

Fi g4t3® shows-Vibse dUWfuse reflectance spect

phot oc &Altalkepsnpbes are active when irradiated wi
bet ween 360whinadh 3i990 tnyomisecal sfeomri cDBin@uct or s. Re
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|l ess than 50% in the visibl-depasgetedr t duweht o
powders a g[r2Y¥]iTshhe csod n@uHEe, 4WidNibch does not Cor
reflectance of over 90%sTinOadvedsasammplregi mow T4
gap values between 2.99 and 3.09 eV.

100
‘ |
90 | *°
3 L
80 | 525 —Pt-HP
g 2 —PtH: b 6 HR b
0|y ——PtmE: b 0 4HR /b
1 L
60 | —Ptc2 b 64HR b
S 0 m2 b 6-4HR /b
- 50 1618 2 22242628 3 32343638
I hA (eV)
40
30
20
10
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
300 350 400 450 500 550 600
Wavelength (nm)
Figdr&@8VWis DRS spectra of the prepared
413. 6 zeta potential measurements

Fi g#sldehows the results of the zeta potentii :
Tibased composites. The isodlecitsitch@opktat |l

charge on the catalyst surface is zero. The v
for PBRB& BDIi d and t h@s-HPowasnpl feor Tthiee p4 Wb es s i
with the a0Osdintdicratefs MIm i ncrease in the acid
sampl es. The | ox¥sHFRa supel eo,f whhiec h4 %Nobe s not cont e
induces the formation of basic sites, t he pre
The differences measured i0scomée et hér ecampl ¢ &
of Pt is 0.5 wt %, which is the same for all :
oxi de. S pAwcael utehse opfH t he photocatalysts are bel
reacting solution), thi ®f madhs stampt es he scateag
However, since tleearda farteh ed/i fafrear lemottie is e neyivt lea ag
di fferent magnitudes can occur, affectamg t he

mi xture and the surfacp2®8] the different phot
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60 T T T T T T T T T T T T T T T
Pt-P25
—v— Pt-HP
40 —&— Pt-2% Nb,O5-HP
Pt-4% Nb,O;-HP
—— Pt-6% Nb,O;-HP
20 | -

—e— 4% Nb,O,-HP

Potential, mV
o

FigdrdResults of thetpHtral amedsmeement s

4-13. 7 Photoluminescence spectroscopy (PL)

Figute shbolwe -stodtied phot ol umi nescc@rbcassedpect
photocatalysts. The intensity of the -Bpketra

pairs (the | ower the intensity, the | ower the
oxygen vacancies (highemnunth®® ) htlteemsshaype gofeat!
is the same for all samples, i ndpdtmasd nrmgott hian d
new emission phenoesa.prWsemt pnlay sNb ght i ncr
observed, which is due to the presence of oxy
a progressive decrease in photol w®i sesoeneastk
This may be due to both a decrease in the 71
vacanci es. For all samples, the main emission

i ndi r etctt a rodsntdr iacan of £ Ine catgrreeresmeint ™wiiQ h t he ban
at higher wavelengthg addamthe eatrterciobmbti endhtti ® nt o
|l atticle2k]f ect s
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—— HP
—— PtHP
— Pt2%NBO,-HP
—— Pt4%NBO,-HP
—— Pt-6%NBO,-HP
4%NBOs-HP

Intensity (a.u.)

330 355 380 405 430 455 480 505 530 555

<(nm)
Fi gdFfr é&olsitdahtoet ool umi nescence specitra of the

4-1.3. Bemper ature progr amnsepde cdtersoosrcpotpiyon ( TP D)

The investigation of the basic surface pro
aftead€Or pti ons uornf atchee uTlsiihg Rihge&lfde Phows>xhhhgqu €
TPD profiles of the pg-hZrtepoahteaslaywosbtush taussiecd saintde sT.

Tab4l2 Amount and density of baasliculsa#TeldD by €@ .

anal yses

Sampl e Mass Ar ea Amount Densit
used basic basic
cat al (A s) (mol / g (mol?d m

(9)
HP 0.04¢ 7.1382 12. 8 0.164
PHP 0.052 5.In4" 53. 6 0.687
4 %NOs-H P 0.04€ 2.In5" 21.0 0.269
P2 %NOs-HP 0. 05€ 8.131M0* 46 .7 0.622
P# %NOs-HP 0. 05C 1.0D3@° 83. 7 0.9009
P# %NOs-H P 0.047 1.1%° 121 1.210

The peak -b®8 weeudtd Obiebut ed to the xleswbi peio
the peak at temPpBOaACGressdmewardb BT ate ori gi |l
interactiwon hoft hEOhydroxybugtracaeps ©Dlie t hreeslarOc
temperatures aboaser 40QeACadmoditpoa ttehee osfo |l G Q ; t
containing conb@mpoe astyr @t F8mdb Hbiuec ts @Pr esent
2 show t haihatshe hbearleo wleisQ number of basic sit:¢
met al or the niobium oxide significantly inc
observed when both $0gr eairgen psrpeesceinets, (amtd a nhde Nbi
N hO:s, the greater the number of basi c Tshiitse s,
synergistic result 1s surprising, since it is
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Pt oxnonTliyO enhances the separation of pksetogene

wit hhchiuGes an increase in the acidity of the
3.00E-013 . . , . , . :
—— Pt-HP
| —— Pt-2% Nb,O4-HP
2.50E-013 Pt-4% Nb,Os-HP .
| —— Pt-6% Nb,O.-HP
< 5.00E-013 HP
= T 4% Nb,Og-HP }
g
3
o 1.50E-013 - .
S
1.00E-013
5.00E-014 +
0.00E+000 el &
100 200 300 400 500
Temperature, °C
Fi gd4r&€eQTPD caot esmatder i al s
4-13. Pi ffuse reflectance i nfrared Fourier
I n di fbuse refl ectance infrared Fourier t

presence of adsorbed pymatdu nmaedeavmssi tuys eadf taoc idde t
surface as a funcOs oRi4glrethewa mohets opdé ciNba of
HP samples. The& blasdlé lcatadnid mb6@Me caomhar acteri st
pyridine ring coordinated to the Lewidbanadci d s
1635comrespond to the pyridinium i bhssanapdseosr be
show a clear predominance of Lewis acid site:
gualitative informati on, it can be sai d with
concentration of »HPe sdhoiwd sSintesnseBama TBih@r p
which can be dedepbsdt atbfh es(asnBpel ePh,otion axxgr e e me
TPD results. This confirms that the presence
hol es, but also the acidityOsbohctbhassesrfheeactll
Tio®ur face, wit hOstHiPe shamping 4 Wb most i ntense p
present. In the simultaneous presence of Pt ar
hi gher aiOscho ngtheenrt sNbt h,a nwhaitl epuar es ITiigdht change (
band) is observed in thE&hispeetftemt ardumdr d525
wi th a J0dcgpmere nNhb
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T T Ll i h ' !
04— Pt-HP 1604 (L) 1574 (L) | 1545 (B)
. —— Pt-2% Nb,O4-HP
Pt-4% Nb,O,-HP
—— Pt-6% Nb,O5-HP
- HP
4% Nb,O4-HP

1486 (L) 11445 (L)

o
w

o
(V)

o
-

Absorbance, arb. u.
=
(@)

©
o

-0.2

-0.3 S N
1700 1650 1600 1550 1500 1450 1400

Wavenumber, cm?
Fi gdr @RI FSTlSectra of pyridine adsorbed on the

The amount and density of acidic sites wer
Fi gdlk8e shows the TPD pyridine cur #l88s gdfvetshd hte
amount and density of acid sites on the cat al
desorption.

Tab4I8Amount and density of acid sites and th
desorption from the surface of di ff.

Sampl e Amount of Density ofPyridine ¢

( mmol / g (mmo¥H/ m temper qtALC
HP 0. 1605 0.0021 310
P#H P 0.1137 0.0015 375
4 %NOs-H P 0.2274 0.00209 331
P £ %N0Os-H P 0. 1545 0.0021 341
P# %N0Os-H P 0. 1863 0.0020 341
P46 %NOs-H P 0.2219 0.0022 331, 40

The addition of Pt sieteee a®wwntetreaNldl eyn shiatsy amf

effect. Il n the simultaneous presence of the t
amount of acid sites areluebservdacicommpaprosd tteo
case, the addition of foreign species | eads t
indicating an increase in the strength of the
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—PtHP
—— Pt-2 % Nb,04-HP
—— Pt-4 % Nb,Og-HP
—— Pt-6 % Nb,O,-HP
——HP
—— 4% Nb,O4-HP

Intensity, arb. u.

1 L 1 L 1 L 1 L 1 L 1

150 200 250 300 350 400 450 500
Temperature, °C

Fi gdr8Pyridine TPD curves for the investi

4-1.310 Transmission electron microscopy (TEI

Fi g#4lfe shows TEM i maldR sa md®oN®taH®Pp | €Ps FMtanopar t
(representedphgrempl hrdackncentrosauedlace. sdme
of Pt nanoparticles ranges from 5 to 25 nm; wh
0.35 nm and 0.32 nm can be seen, which are c¢h
pl anes, [2pié¢éctively

v X
(URutile (110}
Ld=0.32 nm

N\t
LN

10 nm

Pt-6%Nb,05-HP

Anatase
{108
d =35 am

~
&

7w

Rutile {110)
4’5032 nvm

Fi gdr dEM i mages HP o acdpNDe-ldP Pt

4131 X-ray photoelectron spectroscopy ( XP

Il n t hseurXsPegSgctrum (not given for brevity), p
HCI , 4 Pta@lspNBE€UTr sors) were detected in all san
detected because of their |l ow atomic concentr
clearly distinguishable because their peaks a
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Fi g4lrléds hows

6 %NOs-HP s ampl es.
binding energy gap of
spectr a
which is
are at ca. 532 eV and
oxygen
Pppeak at about
visi bl e
Mor eover t he
hi gher atomic
detected for Nb (the
which i s
energy is that of CI
Pt-HP _
(A) = Ti2p;,
8
a
C .
8 Ti2p,,
O
473 463 453
Binding energy (eV)
PtHP ©1s
5
8
a8
[
B) 3
O
540 535 530 525

trrees oH iug h on

XPS

at c a. 533.

of4lR D,

specHPaaafl Phe
Thestawo 4p®albs edaft aThd 5B 2 wi
4% . n8 ,Ted2@T2hlee-helgat aci eni Ot
ar e 4$h& wrk oirn bitdiurseamp | e s,
a s%iiognnse do ftcat ytett el i@l at t i cex05 | hmheh@epke
whi ch

t he

0
vacanxa®elOHi grduaPIrespecti 4ldiCy. t ha
76°% e¥ndothespesdsinbeRse
i N6 YoRBs-HPamplee chtaracteristic
p -6 &kb®s-HfPO rs afntp | ien atr ke mB T h
concentration imothe 8k S a\me

O3 ep eaad k s2 0c9h &Or [adcM ,earrd &4 2 Oc

probadt ymida ec d roc & rhter altoiwo n .

Binding energy (eV)

45

Binding energy (eV)

2p, th@ chlorine

Pt-6%NBO;-HP

E Ti2p,,

a

c

> .

8 Ti2p,,
473 463 453

Binding energy (eV)

Pt6%NBO,-HP

S

8

a

[

>

@)

)

540 535 530 525

029 dlar t i
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(C) | PtHP Pt-6%NbO,-HP

Pt 4f

el S

86.5 815 765 715 66.5 86.5 815 765 715 66.
Binding energy (eV) Binding energy (eV)

Pt6%NBO.-HP

Counts (a.u.)
Counts (a.u.)

)

(D)

u

Counts (a

W

216 211 206 201 196
Binding energy (eV)

Fi gdred®i gh resolution XPS spectanad®»f NbLA)3dI

peaks

4-1.3. 12l ect ron par amagnestpiecc trreossocnoapnyc e ( EPR)

The EPR s pPetdR rarmd®oNDitHPe Fu rgld. 1 A) s how snagnBPR
indicating that the photocatalysts <cannot ge

il lTumination. I n the wrdelsB@nceooEPBRBMBOgMaOHCcC@R
the experiments performed in the dark, indica
in the absence of il lumination. When the phot

characteri $iticc r[ealoa]ma]gredDMBé)a_lapﬂtdi{uﬁrB5t])Tfhitsher esu

indicates that both photocatalysts car(’bz'thermm

yunder il 1l uBPRaeCcCON UM BWBROs-HRe sBmpl e shows high
peaks, indicating sxygpergemradioaarads,i omhiodh tihse p
effective charge sep@r aFiH®nRBRtampl ke puepende do
dark and in the p0Od4demgelC)of nODMAE®Ramnd gthal s ar e

the signals just mention®d Bpenvisrhbhteat honhe
l ead to the characteristic p)el\/IrPa’iDnMagdndeutcitc ornel syo n:
t he s a-61poNOs-H P 1 Therefore, onl vy t hi s gemawrpdtee c

hydroxyl(’blﬂ)armlde:ralisl l umi nati on.
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(A)
Pt-HP Pt-6%NBOs-HP
E [ P R———————————
s s
T e e O >
2 Q
c . o .
g —Light 2 —Light
- —Dark - —Dark
2500 3000 Field (G) 3500 4000 2500 3000 Field (G) 3500 400C
PtHP Pt6%NBOs-HP
(B) . |
—Light —Light
—Dark —Dark
g s
b-wxw/\/wf/\/\/WMW :
3400 3420 3440 3460 3480 3400 3420 3440 3460 3480
Field (G) Field (G)
PtHP Pt6%NBO,-HP
(Q ——Light ——Light
—Dark —Dark
i A
2 2
e A A A A A M A~ A A A AR MA AR A £
3400 3420 3440 3460 3480 3400 3420 3440 3460 3480
Field (G) Field (G)
Fi gdr eEIPR spddApowderf s-HhphodoN®E-HP under
Il i ght i (r Bsjeadnpdteisors u0p BNMBOH Me OH&sd Is@@pd re s

suspendG/dDMPéBHO | vt i on

4-l.4Ph ot oc atcali wtiitoy

fructose
resul ts
nanoparticles

Al | »>0a Oe d
wer e

on th

e

phot ocatal ystrsefwernme nuws eod
solutions -UWndeirg hitr ruanddoeart i abnnaoemwr sot bhi Tch e a
compared
catal yst

at e t he
sur face

t o r el

react.i

faogru etohues

Vi
ncr eas

the recombination /Ehpaer ef (photaggeprmeateai ¢h t
PL analysis) angrwdsascéessantsahctornHits absenc
oxidation of the sftraomimignesmudlsitz attieid.awand Oo b
415) . The different samples showed different ¢
oxidation products in the |iquid phase were ¢
fructose. 2dmd aderiet ifooru,ndH i n the gas phase in t

Fi g4l shows the concentration values of t
as a function of irradiation time for @he ser
modi fied photthrecaabaygsssprAduced the same comp
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reaction [mekl]lmaadiysms di fferent degree of conver
Hoproduction were observed for the different

activity of the photocatalystscheseedcdeppndepdr
t he di fsfbearseendt sToil@ ds, such as the recombinatio
acidity and/or basicity of the surface, the n
related to the sge®can.i cWhseur ftahcee saurbesat)r aatned wa s

by i somerizati on, and both could form gluconi
converting the al dehgrde®upg.r oAdipparoaltlhed Greercthaxyi
cleavage, i n which arabinose was formed in th
and hydrogen [R8296F second step

3 1.2
Glucose: P_Q%NQOS_HP o Fructose : P'Q%NQOS-HP
25 14 &
o A
A o
A
2 ° _ 0.8 8 A
= =
£ 15 E 06 °
O o o
1m 0.4 ©
g
05 ° ; . . - 0.2 o
]
0@ & ﬂ g g g 6 0 a—! In L Q L Q L 9 L ?
0 50 100 150 200 250 300 0 50 100 150 200 250 300
T [min] T [min]
3 4.5
Glucose: PA%NBO;-HP 4 FructosePt-4%NRO;-HP
25 ©
o 35
2 o 3 °
= 525 o
E1s E °
(@] © O
1m - 1.5
; [ ] 1 N o
0.5 o L n n 05 A I A A A
— 2 9 3 N H
0 4 . . Y . Al 0
0 50 100 150 200 250 300 0 50 100 150 200 250 300
T [min] T [min]
1.4 1.2
L Glucose: P6%NBO;-HP o Fructose: P6%NBO,-HP
14 A .
1 © 4 A o
[ ] - - 0.8 8 A
= 0.8 o —
=
E " . 2 06 0
o 0.6 o [ - 3 ]
0.4
0.4
0.2 ° o a 8 o| 02 o .
0w a—L g T 4 ! Y S b & 2 0 a2 L g ! 9 . Q ! e
0 50 100 150 200 250 300 0 50 100 150 200 250 300
T [min] T [min]

Fiug4l. 1Concentrations of the two substrates an
runs carriedOsmotdi byedsphot Nybght e tpf aitcgdosleegend
a abi,ngsuec onjlidoramiicghy dir d&m e @D

Tabdlels a4l show the conversi onparmsdeidf@at it\vhiet y
runs starting from glucose and fructNoosteablryesp
in some cases, the sum of the selectiwiotmeg of t
compounds are progressive transfobobomeddi bothef
cl eavage of gl ulcnospearatnidc ualraarb, i niotB 2h%a.ss abnmepd ne suhsoew
compari son purposes gener alnioydipfeirefdo rsmasmplleesss (w
NhOs) . THR td®@d yst showed good conversion and se
glucose and fruct Ase fa¥ ugtsSa sctoinncge hsewebtsi tgrhaetsets .c o
was obtained wi%NOs-HPh e wshanpel ea Htower degree of
in the exclusdksyespggsesehcegof hBlb t he OuHHA ace a
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showed the most intense DRIFT peaks in the pre
I n this case, the increased amoun®Dscofntsau me makx
samples (see EPR results) had no po&frucvesef i
formed practi cedlPl ysaopll e, wistimctehd hRRt | ndd2 pase i
due to the simultam@was preesemeatal P ameé NIs
to fructosaejtihnt & gr2¢ede7tjlelnea tsuerleect i vi ty towards
by b and in agitebtmambgwi mechhai sm, practical
of arabinose and f[d3rAMiAds af daird Guws® rsceo ol c;aw enegendo u n t
of Mhad no significant effect on the conversi
effect. Moreover, Oshavioowesit t amodotr snadofi oNb of

The best phopopodtuatyenh @tindeH the operating
was-4 BNOs-HP i n the presence of bot h GBoabstemat es
i ncreased ugprtood udc%,i otnhedrecH eased.

Tab4ldGl| uccoosnever si on, selectivityzatnadwalrOGds t he
amounts obtained after 5 h of irra
Sampl eConvel Sel ec(tY)vi ty Hz CQ
(%) Fruc GlucoArabi FormEryth(mM(mM
acid aci i
P#H P 40 27 2.6 45 4 4 - 1.'0. 1
PL£ %NOs-H F 56 4 1.2 4 2 39 3.5 2.10.¢(
P# %N0Os-HP 43 - 1.0 54 39 5.0 3.:0. 1
P#6 %NOs-H P 41 - 1.8 58 57 9.0 1.:0. ¢
4 %NOs-H P 22 - 3.4 53 44 - - 0.«
P# 25 32 31 4. 6 41 31 1. 0. (

Tab4ldFr ucdamomrswer si on,owaegldescttihwei tmawandpC®duct s,

amounts obtained after 5 h of irra
Sampl eConver Sel ec(tU%)vi ty Hz CQ
( %) Gl uco Ar abi Formi Eryt h( mM( mM

acid acid

PHP 40 4.5 - 6 7.5 3..0.1
PL£ %NOs-H P 39 2. 2 75 15 9 1.'0.C
P# %NOs-H P 40 2.0 42 11 3.:0.1
P16 %NOs-H P 22 3.0 - 41 29 0.'0.C
4 %NOs-H P 13 4. 2 - 2 4 - - 0. C
P+ 25 25 9 12 3.10.1
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4-l|5Concl usi ons

0.5 wt% Pt -plregphecdh ddadie@ hotdo Nt al ysts wit
NhOscont ent were prepared to evaluate their ac
The photocatalytic results confirm that the p
but I s a compromi se bet wedibsttR epradv eda ctto rise t
oxi dizing catal-¥%%NOs-HBPutwas$ h eehfefadlmadketh®Rtr ms of p
oxidation pfrodmatisom.ndNeédli t her sample exhibite:q
typephotoactivity relative to the other, but h
sites, oxygen vacancies, and photoluminescenc

The sampl es wéme imlgarda dtfeerriemad t echni ques t
Pt amOdormMbt he properties of the catampdsitmprPav end
the effi/lchsepayabdofoer, as reported in the Iliter
ac-bdse properties of the surfaceOsblyonacirease a:
the acididswrdfactehe whiiODe stronger basic sites
when Pt was dheoiprcesgsaste in surface basicity
andONsbdversely affected the isomeriz®faod of ¢
'OH radicals in t h®&sds aammloe s haovrt @ai posgtNbve eff
of .biu@ favoured parti al oxi datilbe ke aetairoends
samples out pekrfowmedado mm&e &iedll Ti O
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CHAPTERI 4

| nvestigating the pbtboit wicta®

used for the photoreform

Il n this chapter, text is adapted from the fol
Muhammad Wintatiar,i o Loddo, Leonardo Pal mi sano, A
Pal mi sano, Samar Al Jintveers,t i Mati agnda hBedalcd i dvii

photocatalysts used for thelphomhal edfornh emtgo ©Hh €
Phot obiologg0R24,ChHéeRi shdp6b65d0i .0rg/ 10.1016/ 7] . |
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CHAPTERI 4
|l nvestigatingodihei gpdhtofi v@tay adfy st s

the photoreforming of Dbiomas:

4.1 11 Abstract

Di fferent commer ciddlasadd phomemadal yTstOs mo
speci es,( MNth,) Gwve been -cempamddgfosfe tamed @Fhatcd
t he aim of i nking t he photoactivity t o Sor
photocatalysts were characterized by differen
photocatal yst was testedsundenqgaraaeasolmedi amn

pressure;UvVvundegrhtnaar adi ation. The formation o
phase, as gluconic acid, formic acid, faructos
ancdweéele found in the gas phase. A different de;q
anckpHoduction were detected with the differen
with the same catalysts were slightly differei
of the interaction betweenompheundteBgsena@anOf &
towanrgs otuc tO omags Caf fective in replacing Pt f

presence of PtdrNbbagtamm ddhehebdbhncantd $elective oxi
modi fies thdasar paoperntcii @as of catalysts as
measurements in the presence of probe mol ecul

41 | Phoabaspyrsetpar ati on

41 1 2Brloo ki t e

Brookite was prepared through hydrother mal
of HCI (concentr awerde adchdded imL af500 ChL beaker

2 hmikéure was shifted into a Pyrex bottl e a
resulting powder was a mixture of (brdoeeomkiitfe ean
Brookwetre) recovered in the supernatant by pept
phase was present as a precipitate.

Ni obium (Nb) |l oading hassbheenheasoliedi omto

di ssol uts ohMbrimfo kTiit@®l was the code used for this
wei ght percentage odf Nb washchespacthbotbh ®bBeOa
photoact ikv298&,a0X9 Bje@®ause it modi f[&8D0IJts surf

41 1 2H@me prepgmHdg Ti O
The ptiepm mealhrodd&dhysdi scusdedd. I1.n section 4

41 1 2. P-TGuB ampl es
SomeOC(03 -Wb@Qupl ed samples were prepared b

Retsch Ball Mills, type PM100 ball milling.
reversing the sense of the rotatdQopeateat afeh:
chosen considering the re3@1lfs obtained in a

41 | 2Pt oaded sampl es
Sampl es were prepared through 41 .82i.n8i.| ar met
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41 BResul ts ansd di scussi on

41 B. X-ray diffraction (XRD)

Fi gdrkshows the XRD patterns of al | prepal
polymorphs (anatase, amné il pdianat eod odki Aeg) Rpof |
commer ccB®H Tio@si sts of only anatase phase, wh
rutile phases. HP contains mainly anatase pha
prepared. The commercial samples (KR35 camgp aBR2H)
to those of the home preparted dadrues tiondiheatri ipg
temperature on industrial scal e. Mor eover, n
present, probably due to the high degree of t

with respect to Ti O

B o (A) B 5 (8)

. Pt- Nbi1-Brookite
A Pt-Brookite A

R
R
w‘
3%Cu,0-HP

Pt-P25
\_J % Pt- 3%Cu,0-Brookite
3%Cu,0-Brookite

Pt-BDH 3%Cu,0-P25
.

20 25 30 35 40 45 50 55 60 65 70 75 80 20 25 30 35 40 45 50 55 60 65 70 7o 80
2 Theta 2 Theta

Intensity (a.u)
Intensity (a.u)

Fi gdr BXRD pat ( &n-BPHoR PE5-HPPt aBirdo dPki t e 2O0- ( B) 3 %C
P25, 0-BCaoki3te OBRtooki t:0-HP,3 %dNudBrPdoki t e sampl ¢
A = Anatase, B = Brookite, R = Rut

41 B. 3pecsiudrifcace area (SSA)

The crystalline phase and specific surface
4-1 1 . Commer ciexlhi amplleoswer SSA as compared t
photocat al ySAbd oF%h@RA-M2g5 4a8miyfe®r BOW®yY res.pecti v
Brookite samples display hi®gerwhSBBsHtr sfhtgws gt b e
l owest S3%A of 10 m

53



Hrand High Value Chemicals Product ClAPTZEIRI

Tabllel SAme pieheime zlal properties of: the i1inve
composition (A = AnatasegaPR,=SBAtahd, TBD=r 8

(amount and density ofcoaaied psointda sn go ft ecrgtea layt su
desorption)

CatalysiPha Ban SSA Quant Densi Temper
gap (M gof aciacid of pyr

(eV (mmol /' mmo1?% desorg

(AC)

BDH A 3.2 10 0.00' 0.00O0 289
PB8DH A 3.2 10 0.00' 0.00O0 N. D.
P25 A+R 3.1 50 0.11¢ 0.00 289
P+ 25 A+R 3.0 50 0.09. 0.00 323,
3 %G0O-P 25 A+R 3.0 48 0.12' 0.00 264,
Brookit B 3.3 98 0.27. 0.00 406
PBrookit B 3.3 98 0.48. 0.00 235,
PiNb-Br ooki B 3.2 90 0.26+ 0.00 402
3%CGOBrooki B 3.3 91 0.22:. 0.00 290,
P88 %CGOBr ook B 3.3 94 0.26' 0.00 290,
HP A+R 2.9 78 0.16¢ 0.00 310
PHP A+R 3.0 78 0.11: 0.00 375
3 %GO-HP A+R 3.0 629 0.15:. 0.00 261,
CuO CuO 1.9 1 0.00r 0.00O0 428

N. D. : Not determined because no pyridine de:¢

temperature rkabhfg. (see Figure

41 B. Scanning electron microscopy (SEM)

SEM i mages of all prepardtd2sampl esamplkesdi al
by aggregates of irregular r-b830dnhnmh paetitol ¢g
synt hesi s temperatur e, t he particle sizes of
commer ci al sampl es.

Fi gdrBSEM i mages of the investigated
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4-1 B. W \LVi
Di f fuse

41 8. Al

(Fi g8 A)
sampl es sdxgihki tsha ft i n
| oadi ng4l BBi)gwmeérance
towar ds

Band
functi emh],alg( R& t
powder s
hi ghest

edge

t he
HP and

Bi f fuse

refl ectance
t he

show an absorption

the visible
gap val uemeaduraeld
t he

figures

refl ectance
S pdbatsrea

absorption
tohe> wmdlklsCan gt sbnght!l vy
part

energy
eahubsti banledbpadyebeidfng.Obe
observed for

spectroscopy

CBRP) ecf atrlee sdi
phot ocatialiyvwsthd eabbaongle .| Tt BiDH tal
dand3mh whel bt gal
towar ds
shift
spectrum
bsya mpll etst, i AMu ntkh e

&ltli .muAlat i

of t he

t he

pri stdismempllie® were observed t he
100
- ——Pt-BDH
i (A)
- ——Pt-P25
80 _
- —— Pt-Brookite
X | —— Pt-Nb1-Brookite
60
Q | —Pt-HP
- P25 —_—
300 350 400 450 500 550 60C
Wavelength (nm)
100
L ——3 %C u-P26
| ——3 %C u-Bré@dkite (B)
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e
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350 400 450 500
Wavelength (nm)

spectr a
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41 B. Raman spectroscopy

Fi g4lrde. shows t he RaJdhars edp eotmpa saft elsi.0 Raman
g, 1978 cm3H6BYyc m5U(4Aygcmandl(®BB7acen characteri st
phase, whil sttamntdth o6 ®a3ract nr4edl6atcend tR2 3 haend uHR | ea s
sampl es, being anatase the main component, th
the figures while thepOe dauree tmo ppeoadkasb | ryeliatsi n
di sper si on 2mwdttrhii x1. 4lIMeBhFEii Puarned s, atl 5R2 @ MEm 2 7
cmM, 322 68®% d09 dm% &¢@8 &@3 & ®2ancdm 63&2r ecm
characteristic odomtrama@kniptige.s, | n hler adldiitte on of

decrease of the band intensity that can be a
presence ofs®tfaocet hEéhdi ® were no identifiabl
with the tohbaste rtvhaitsi oomet a l i s2l avbti peedbent owl yhiot

Al so i n tChiO sp engelede=, t encot abl e .

e = =

& n Z (A
—PBDH | | |
——PtP25 : I l
- | ! '
= 3%Cw=0-P2§ : :
'HE-" 1 I |
& —P-HP : : l
2 3%Cu:0-HP I I
L " I i
E : i i
1 : |

e S—— R—
—
300 400 500 600 700

r?q [t I P D W i) Lot L) B
— =8 ﬁﬁ%@%ﬁ??i}

——Pt-Brookite
Pt-Nbl-Brookite
3% Cu:0-Brookite
—DPt-3 '?z‘&CIu;D—BmokftE

— e - 152

Intensity (a.u.)

- - e s s s B R

3

__ _ ,____________

I
I
|
|
e
I

100 200 300 400 500 600 700
Raman shift (cm™)

Fi gdr BRaman spectra -BDHsR®ip,|l eHMHE H-ARP tPan d
3%CGO-HP; (BBr)o oPktiNtbbdB,r otk i t:0-Br &kKiut-2% Bumd Pt
Brookite

41 B. Bet a ponearstuir®&lment s

Fig&lr®e. di spl apgat d mtei aZletwer sus-TipBlamplrees ©he
| EP (i soelectric point, i . e. the pH value at
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val ues ar-BDH, 23. Hor f 8t oPR2A5Sf carndPtBr ®@® ki o e. PT he
findings | mglpyH tatatwhatchpH h® photocatalytic rt
surface i s negaBtDH ealiyd , cPhnaerugtleraebl f afnadrPphtsi t 1 vel y
P8Brookite. Then different coul ombic i thheract.
reaction mixture and pbwdsa&dlace of the vario

60 T T T T T T T T T T T T T T T

N
o
T

Potential, mV
o

20 _
—e—PtBDH 4.23

10 —a— Pt-P25 5.00

[ —a— Pt-Brookite 5.63 7
—v—Pt-HP 4.45

_60 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2 3 4 5 6 7 8 9

Fi gdrBResults-refl atteed mpHta potenti al me a s

41 B. Phot ol uminescerf®e)spectroscopy

Theresence of noble metals such as Pt has
' ight activation andpéehtodmid®d ene nieanctt ,o ft hteh eF eT
nobl e metals are | oawed tthhiasn rriceimssuffl et osf o Thi © hhee p h
el ectrons from thetoomeuat|iBrlificd emrf o cTe Os 1 €
el eédholoem recombination rate as can be seen f
phot ol uminescence bands4librf 3t0RdF oprr easl el n cteh eo fs aPy
for BDH which displays a peak at 380 nm, the |
be attri buttedantdo itntde rlrand tramnmsntiaccooflartec v
band gap val ues. The signal s at hirgliemat wae e
recombination of the exci[t2808]A&cgsirgmisf it avratr dc
the PL intensity can be Ooandethafaddi thencot
| ower recombination rat[e301f] the photogenerate
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P25
3%Cu,0-P25
——— Pt-P25
Cu,0
Pt-BDH

(A)

Intensity (a.u.)

320 345 370 395 420 445 470 495 520 545 570
A (nm)

Brookite
(B) — Pt-Brookite

——— Pt-Nb1-Brookite
——— 3%Cu,0-Brookite
Pt-3%Cu,0-Brookite

Intensity (a.u.)

320 345 370 385 420 445 470 455 520 545 570
A(nm)

Fi gdrBPhot ol uminescence spectra of the ¢

41 B. 8r ansmi ssion el ectron microscopy (TEM)

TEM I mages of the different sampl es were ¢
particles di mension, and the distribution of
reported4litn HKimpwrees of ot her 4la8npl BEM airma gge ¥ em
sampitPe 5Pt( B-i gAY er eveal that Pt nanoparticles (
are uniformly dispersed across the P25 surf ac:e¢
met hod. The sizeaopre&kxi manepbwpr2i tbes8 insn whil €

(anatase and rutil e) ranges between 10 to 20
di stinguish two | attice fringes of ca.n@d. 35 n
(101 rutil e pl §2&4 ]S ArEdDs p{escetlaevcetlegdct ron di ffr a
consisting of concentric rings indexed as the
bi phasic structure of P25. On4-1t7hBe) , o tPht e rn ahnaonpda,r
are clustered | ndwr fomee .ar®elpa odii zdhecsfTrBN@es be
nm, which is a slightl-P2basgmpl eangedcbmpaside
i's ca. 1 to 2 nm that is sRA5 hsdmplsemalAlesro,t hiar
i nti mat et weoenrt aactatbeese and rutile can be obser.yv

Brookite ceoehapsetdspaft mrabhegse swhiedlweseinze 0 t o
41 7C) . Pt nanoparti-8l emsn) ( &dirme coincresntecated 1 n
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particles are not distinguishable due to thei.:
matri x. 0/ MactOhhgp oBGu t e samples a good contact be
clearly seen in the-l 8 malghees sri@zpgost rtveidc Oens Fri agnug ee
to 10 nm, which arepamaltkesthan those of Ti O

(A)
PtP25

Anatase’(101)
#d=10/35 rim

»|« Rutile (110) ,
#=032nm’
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(C)
Pt-Nb1-Brookite

FigdrBTEMmMages of th#2%amiiBg s Pt NBIBA Ptorkii t e

3%CyO-P25

CuO (200)
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3%CyO-HP

Fi gdr BTEM i magesOToibt® d mel €

41 B. ¥-r ay photoelectron spectroscopy ( XPS)

XPS measurements of some selected sampl es
composition and the oxidation 449®ahes XBPBE 6hev:
spectrum of the samples with the various spec
i n XPS subravreeyl)y wileerteect ed due to its small at orn
deri ving, fROGI THpE®Icur sors, was al so detected.
are not clearly distinguishable because their
of the Ti 2p peakdsl 1DrAe -P2np Pstamp | € nt IFeé gawe pea
459.5 eVijand4®b. 3peV with a bindaregctlearea gtye rdii

Ti% n 2[i202]JThe,sThowlpder peak at 461.4 eVOwhich |

P25 sampl e i s °C h7ihnedsitceartiesst itchactf iTi t hi s sampl e
states (+3 and +4) dueOtboaR2%dleTbkowomi ghadsie
are showmlolB. FFgural most all of the samples t
assigréedntso oPcrtyhset allilOi ne | attice. TOH geaupst
[ 306]i s negiNbgBiroloki it e, Pmal Imore PBPi1:O-BE2Bt and 3
comparable to that 2@HP.hiphtessre negee ecgfmmsCuoo B &Caou

formafi esmrface hydroxyl groups 41 TIRE marneBpome
t o Ptt he |l ess intense peaks at | ower binding
spe¢i2ged]

High resolution XPS spectithbDof FCu PBpeaPB5r ¢
the binding ennpeglyg af ©6BHB,, &@ue¥YP8E8nd@ eV aApe cha
Cu(l) oxide. For the HP sample the presence o0
2p peaks i s c?Hiaornasc.t eTrhies tNbc 3offl 1s@ie cairsupm a yFsi gtuw ce
at 209.9 eV and 207.1 eV (binding @heéedhe dist
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ot her
concen

Tab4lePRel ati ve

two pleiakdi mg
trations of t

at omi c

d memegi es | mr & &lhlhehsee adfo mCl
he different species obtai

concentrations

Catal yst Ti O Pt Cu N b
P+ 25 16. 8 48.7 0.2 - -
3 %GO-P25 18. 3 53.5 - 0. 4 -
PiNb-Br oo ki 18. 6 56.8 0.1 - 0. 2
PHP 21. 6 60.6 0.1 - -
3 %CGO-HP 25. 6 64. 9 - 1.3 -

Ols —3%Cu20-P25
Pt-Nb1-Brookit¢
3%Cu20-HP
Ti2p —Pt-P25
— —Pt-HP
S Cu2p
8
wn
c Cils
3
O Cu2p v N
Nb3d
Cl2p i
L_S12p_y,.
1200 1000 800 600 400 200 0

Binding energy (eV)

Fi g4r BXPS

survey

6 2

of the different

S

obtained

ar
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3%CyO-P25 Pt-Nb1-Brookite
';: Ti2py, '; Ti2py,
© ©
(A) e . -
= Ti2p, =
o o
O @)
PtP25  Ti2p,, : : :
';—? 478 468 458 448 468 458 448
% Binding energy (eV) Binding energy (eV)
<
3 Ti2
3 N PtHP 3%CyO-HP
= Ti2py, = _
‘ ‘ : S 8 Ti2p, _
468 458 448 £ 2 Ti2py,
Binding energy (eV 3 3
g gy (eV) 8 8
468 458 448 468 458 448
Binding energy (eV) Binding energy (eV)
3Cuy0-P25 PtNBZXBrookite
3 3
@ &
(B) Y Iz
Z 2
PtP25 o ©
3
‘:5’ 540 535 530 525 540 535 530 525
< Binding energy (eV) Binding energy (eV)
3
Pt-HP 3CyO-HP
540 535 530 52 3 2
Binding energy (eV) :w’ E
c c
> >
o o
&} @}
540 535 530 52t 540 535 530 525
Binding energy (eV) Binding energy (eV)
(©) | pt-P25 Pt-Nb1-Brookite PtHP
: < s
8 S O
865 815 765 715 66 865 815 765 715 66 86.5 815 76.5 715 66.5
B|nd|ng energy (eV) Blndlng energy (eV) Blndlng energy (eV)
(D) | 3%Cy0-P25 3%CyO-HP (E) | Pt-Nb1-Brookite
= Cu2 = Cu2p =
E ” 3| Cuzp, ” &
@ Cu2 2 \(I-)’ sat. 1)
c I S
3 3 3]
@) O ]
965 955 945 935 925 965 955 945 935 925 216 211 206 201 196
Binding energy (eV) Binding energy (eV) Binding energy (eV)
FigdrkMHi gh resolution XPS spectra of
( E) No 3d

(A)
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41 B. 1Dl ect r on par ama(gbhReR pi ecc trreossocnoapnyc e

As il 1 ustraltleld itrheFiEgPR espect r a3 %q0-Pt2h5e, p o w
3%CO-HP amdoCBr ookhdw a broad signal at g = 1.¢
TiYi ons on | BeThsewrpfeacienent s carried out with sc¢
show any EPR signal, pointing out that the phe
oxygen vacanci es un8éGO-Br o mkmii tneat sampl & he h®Pws
intensity peaks indicating stronger presence

because the electrons are transferEOePdZStosoFrti da |
showed the | owesltn EPhRe pperaeks @ mct ee nosf( EOyMRI®/2ZMe OH s

the experiments carried out in the dark did
photocatalysts are unable to generate radical
is exposed to I|light, t tchaEBRt spiestira mawvamagd

absorption of t-POgT.amUUstsesﬂlDMPmdicates t hat

. i : . .
thermodynamically pr odua(?zze snpderoxi demanadbnona
0,
3%Cy0-P25 3%CYO-HP
= Ligh E_, Light
c ight £ Dark
- Dark
2500 3000 3500 4000 2500 3000 Field (G) 3500 4000
Field (G)
Pt-Nb1-Brookite
E
8
>
Q
@ Light
= Dark
2500 3000 _ 3500 4000
Field (G)

FigdrBkEPR spactifa@nemwddi Osampl es under dar
i rradiation

6 4









































































































































































































































































































