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Evyoapiotieg

Apykd, Ba Ok vo evyaploTom Waitepo Tov eMPAETOVTO KOONYNTH TNG TTLUYLOKNG
pov gpyaciog Ap. Ayiiréa Kovotavtivov, Avarinpmt) Kadnynt oto Tunuo Xnuikov
Mnyovik®v, Yo TV UmIoTocLVN oL oV £0e1e dlvovtag HoL TNV gukoipio va
aoYoANO® e Eva TOGO EVOLOPEPOV Kal amantnTikO BEpa. Ot yvMOOELS TOV LoV TOPELYE, M
kaBodnynon tov, 1 vrooTNPIEN TOL Kol KLPImG 0 TPOTOG e TOV omoio mpooeyyilel T
Xnukn Mnyovikn arotéAecay yio ELEVO TNYN EUTVEVLGNG KOL EVIGYLGOV TO EVOLUPEPOV

LLOV Y10 TO OVTIKEILEVO.

EminAéov, Ba nBeha va ekppdow v gvyvopocvvn pov otnv Ap. EAedva Xéprov,
LETAOOOKTOPIKT] EPELVITPLL TOL KABNYNTN LoV, Yo T kKaBodNYN oM, TIG GLUPOVAES Kot

v Pondeta ¢ KaTd TN SLUPKELN TNG EKTOVIONG TNG TTLYOKNG L0V EPYOGTOG.

HEexoplotég evyopiotieg ekepalm kot otov Dr. Alberto Villa, Avarinpmt) Kadnynt
oto Tunua Xnueiag tov [Movemotpiov Tov Mildvov oty Itodia, yio Tig e€edikevpéveg

TANPOPOPIES KO TOL TEPOALATIKG OEOOUEVO, TTOV LLOV TOPETXE.

®a NBela eniong va guyapioTom Beppd GAovg Tovg KabnyNtég wov oto Iavemomyo,
o1 omoiotl 0 Kafévag e Tov 01KO Tov TPOTO cLVEPAAAY GTN OOUOPPmOT Kot EEEMEN TG

QKOO LLOAKN G LoV TTopEiag.

Kietvovrog, Ba n0eha va ekppdom v Pabid pov vyvopochvn 6tovg eiAovg pov kot
Kuplwg oTNV 01KOYEVELL LoV, 1) oToia oTdOnKe dimAa pov o€ kdOe Pripa avTig TG Topeiog.
H ocvveymg ompién, n 6Ovaun mov pov divouvv kabnuepvd oe OAES TIG SUGKOMES KoL ™
EUMIOTOGVUVI] TOV HOL Ogiyvouv dopKadg amotédecav ) Pdon mhve oty omoia
ompiydnkav 6Aeg pov ot tpoomdbeies. H mapovoia toug tav KabopioTikn yio vo gTacm

610 onpeio mov Ppickopor onuepa.
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HEPIAHYH

Ta vovoowopatidi to televtaio ypovia EXOVV TPOGEAKVGEL GNUOVTIKO EPEVVNTIKO
EVOLIPEPOV KOl EXOVV PPeL EKTETAUEVEG EQAPUOYEC GE O1BPOPOVS TOUELS, OMWG OTIS
KOTAAVTIKES AVTIOPAGELS, TNV WOTPIKY, TN Plopnyavic TPOQIHOV Kot TNV ETIGTHUN VAIKOV.
Av16 givorl amOTELECUO TOV CUAVTIK®V TOVG TAEOVEKTNUATOV EVOVTL TOV {010V VAIKOV
OTNV HOKPOCGKOTIKN TOVG HOpQY, Kabiotdvtag tn ovvBeon vavocouotdiov pio
Swdkacio Kaiplog onpaciog. XKomog e mapovoog epyaciag €ivor M avamtuén
VTOAOYIOTIKOD LOVTEAOD Y10 TNV TEPLYPAPN TNG dlepyaciog cVVOESTG VAVOSMUATIOIWV
apydpov Kot 1 HEAETN NG KoTAvOoung peyeBovg tovg, M omoia omotelel Kpicyo
TOPAYOVTO. Y10 TIG WOOTNTEG Kot TIG EQopLoYéS Toug. H cvuvBeon mpaypotonoteitor pécm
avaymyng tov vitptkov apyvpov (AgNO3) mapovcio Popoddpidiov tov vatpiov
(NaBH,). O puBudc muprveoong meprypdoetorl and v KAAcKN Bempia mupveoons, Evo
o puOuds avamtuéng and oyéon mov AapPaver vedyn g v €€ApTNon ToL Ao TO
péyebog twv vavocsopatdiov. ['a v eniAvon tov poviélov mpaypatonoeitar c0Cevén
mg e€lowong 1ooluyiov mAnBvopod pe TNV LTOAOYICTIKY] PEVGTOOLVOLLKT KO
ypnoonoteitar n aplOunTikn néBodog emiAvong g dtakplrtonoinonsg. Avanticeovtol
000 pHOVTEAQ, €val Yo aVTIOPACTIPO TANPNG avaueEng dwieimovtog épyov (Batch
Reactor) ka1 éva yio avtidpactipa epforikng pong (Plug Flow Reactor, PFR), pe otoyo
™ Olepevvnon G Emidpacns POCIKOV AEITOLPYIKOV TOPOUETPO®V GTNV KOTOVOUY|

LEYEBOLG TV VOVOSOUATIOIMV.

To povtéro mov avantiydnke yio tov batch avtidpactipa ETKLPOONKE LE TEPALOTIKE
dgdopéva, Tapovotdlovtag ToAd KaAn copemvia, pe to péco uéyebog va vmoroyiletal o
13.818 nm, évavtt 13.746.2 nm ond T0 TEPOUOTIKA ATOTEAECUATO. XTI GUVEXELQ,
mopatnPOnKe 0Tl KOl 6TOVG OVO0 AVTIOPAGTNPES N AVENCT TS APYIKNG CVYKEVTPMOOTNG
tov AgN O3 odnynoe oe avénon tov pécov peyéboug, evad n avénon g Bepprokpociog
dev €xet EekdBapn tdomn ko e€aptdror amd 10 Kabe cvoTna. AkolovBwms, damoTmdnke
otL M avEnomn tov ypdvov avtidpaocng otov batch avidpactipa Kot 1 avénon Tov ypovov
napopovig otov PFR, gvvoel v mepartépm avamtuén tovg. XvvoAikd, 1 epyacio
oLUPEAAEL OTNV KOADTEPN KATOVONOTN NG OlEPYNCING Kot GUVTEAEL oIV avATTLEN

a10MOTOV TPOGEYYIGEMV Y10 TOV EAEYYO TNG KATAVOUNG LEYEOOVG TOV VAVOGHOUOTIOIWV.

A&Eg1g Khe01a: Novooouatidw apydpov, chvleon vavosopatidiov, e&icmon wwolvyiov

TANBVGLOV, VTOAOYIGTIKY PEVGTOOVVOLIKY, KOTAVOUN HeYEO0VC CmUATIOIWVY.



ABSTRACT

Nanoparticles have been of particular scientific interest over the last years, and have
found widespread applications in various fields, such as in catalytic reactions, medicine,
food industry and material science. This result is due to their significant advantages over
the same materials in their bulk form, making the synthesis of nanoparticles a process of
vital importance. The main objective of this present work is the development of a
computational model that describes the synthesis process of silver nanoparticles and the
study of their size distribution, a crucial parameter in their properties and their
applications. The synthesis is carried out by the reduction of silver nitrate (AgN O5) in the
presence of sodium borohydride (NaBH,). The nucleation rate is described by the
classical nucleation theory, while the growth rate by a relationship which considers its
dependence on nanoparticle size. In order to solve the model, the population balance
equation is coupled with computational fluid dynamics, along with the numerical method
of discretization. Two models are developed, one in a completely mixed Batch Reactor
and another in a Plug Flow Reactor (PFR), with the goal of investigating the effects key

operating parameters have on the size distribution of nanoparticles.

The model developed for the Batch Reactor was validated with experimental data, which
it was in good agreement, with the mean size calculated at 13.818 nm versus 13.7+6.2
nm from the experimental results. Later on, it was observed that a rise in the initial
concentration for silver nitrate (AgNOs3) led to an increase in the mean size, while an
increase in temperature did not show a clear trend, seemingly depending on the
specifications of each system. Subsequently, increasing the reaction time in the batch
reactor and the residence time in the PFR enhances further particle growth. Overall, this
work provides a better understanding of the process and aids in the development of

reliable approaches for controlling the size distribution of nanoparticles.

Keywords: Silver nanoparticles, nanoparticle synthesis, population balance equation,

CFD modeling, particle size distribution.
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