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GUTZOV

Sol-gel chemistry offers a possibility for the ambient preparation of optical
materials like xerogels or layers doped with rare earth ions. In the same way a
wide range of useful ceramic materials like Al,O;, ZrO, , SnO,, SiO,, Al,O; can
be easily prepared.

Gels are solids confining a solvent in a three-dimensional network. The solvent
may be enclosed as quasi-liquid in a pore system. In this state, the gels are called
hydrogels (water as solvent) or alcogels (alcohol as solvent) etc. If the network
has nano-dimensions or is index-matched, the gel looks transparent. If the solvent
Is removed without destruction of the network, the resulting body is called a
xerogel (*'dry gel'). If the pores then are filled simply with air, it is an aerogel.

The advantages of sol-gel technologies are low synthesis temperatures, possibilities
for preparation of rare chemical compositions, formation of transparent materials
or aerogels depending on the drying conditions. Sol-gel technologies, however,
need long duration times of each preparation step as well as individual
preparation procedures for each material.


http://www.uni-sofia.bg/

Sol-Gel Science, C. J. Brinker, G. W. Scherer, Academic
Press, 1990.

Si(OEt),+4H,0—Si(OH),sol +EtOH—SIO,.nH,Ogel




OkenagHn Matepunanun no 30Ji-resi MeToaa.
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M. Bredol, S. Gutzov, Effect of Germanium codoping on the luminescence of
Terbium doped silica xerogels, Opt. Mater 20 (2002) 233-239.

TEOS+EtOH (1:1) 5 min.

Doping Tb3*(NO), solution 5 min.

H,O addition: (4XTEOS) 5 min.

Hydrolysis: HCI (0.003xTEQOS) 1h

Gelation: (48 h /50 °C)

Drying: (120 h / 50 °C)

Grinding, drying, sintering




HaHonopwu n HaHoMasu B 3011-refHn MmaTtepuanm

Hydrolisis Gelation Ceramic method

TEOS + H,0 + 0.5 M AI(NO,), SiO,+ 0.5 M AI(NO,),
Aging & index matching of doped gels (0.05-0.5 Sm/Si)




HeopraHmndumn SiO2 matepuann € ONTUYHO akTUBHWU KOMMOHEHTU:. TDh,
Sm, Ho. KoHTpon Ha npo3payHOoCTTa 4Ype3 nosfiydaBaHe Ha MUKPO- U
HaHOMa3n Ha pgoTtupalwma okcma. KoHTpon Ha pasmepHocTTa 4pes
KaTtanmsaTopu.

I[””[Uﬁi"ﬂﬁ | . i

Sm/Si= 0.2

JEM-5518




S. Gutzov , C. Berger , M. Bredol , C. L. Lengauer, Preparation and Optical
Properties of Holmium Doped Silica Xerogels, J. Mater. Sci. Letters 21
(2002) 1105-1107.

Absorption spectra of Si02:H03+ Xerogels
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TepMuuHa cCTaOMITHOCT — 3aBUCH OT JJOTUPAHETO,
HaJIMYUETO HA HAHO — U MUKpOdasu, mopu
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TG/FTIR aHanu3 Ha ren cbabpxau, 0.05 Sm/Si

Z|Temperature]

NETZSCH TG 209 F1 coupled with FTIR Bruker
TENSOR 27

TG/FTIR anamu3 Ha ren cpabpikant 0.05 Sm/Si., ®upma NETZSCH, Germany, Dr. E. Fuglein

14 woHn 2012 .
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Cabot Granulated Nanogels

* One of the best insulation materials in the world produced at subcritical
drying. Nano size pores (20 - 40nm), hydrophobic network.

A=0.01 Wm-K
Cp =700-1150 J/kg-K
p= 0.03g/cm?
0.=20+40-10°9K1
Granules
11=45$




Supercritical Drying

Table Critical Points of Various Fluids
Supercritical
P (MPa) drying path Fluid T. (C) P. (MPa)
A 4 Water H.O 741 2204
. gnuw i Carbon dioxide CO,  31.0 7.37
: Freon 116 (CF.). 19.7 2,97
P Acetone (CH.).0 235.0 4,66
Toiote polst. @=semssciaay Nitrous oxide N.O  36.4 7.24
Dried gel Vapor Methanol CH.OH 239.4 8.09
3;_0 S Ethanol C,H.OH 243.0 6.3
The solvent in a wet gel is replaced by Critical point of a fluid is usually high
a supercritical fluid, and then pressure and sometimes high
depressurize it to obtain a dried gel. temperature. So SCD should be
Surface tension of the supercritical fluid avoided as far as possible.
is nearly zero, so the weak structure in
the wet gel is maintained.




Optimization of materials, required for efficient heat
machine operation (case materials).

Chemical Prepared Aerogel Granules (SOFIA)

Tetraethoxysilane (TEOS)
C,H.OH 1.5h hydrolysis time
o A<0.1 W/m-K
H,O _ p=0.1g/cm?
Cp = 700 - 950 J/’kg'K
HCl1 o =4+6-10°0K"1
granules
NH,OH

Q/--_I Gelation m} }’ 24h

( Solvent exchange

in ethanol ~ 5days
“— ) N\
Surface Drying of gels at
modification with ) ) subcritical -
TMCS ==|| Washing with condition: 0.5 atm L
(trimethylclorsilane) gestane T=70° C




Multipore Xerogel Granules by Silicon Bulk Hydrophobisation

TEOS
PS-21 A< 0.1 WmK
NH,OH Cp =800+ 900 JkgK
H,O p= 04 g/cm?
=4:6-10-6 -1
HNO, 0=4:6-10°"K
= ‘ Granules
Gelation ) j’ 48 h

~—

Solvent exchange in
ethanol, five tunes
(once per day in the

next 5 days)

Drying at subcritical 24h
conditions: 0.5 atm and =
temperature 70° C X158 188mm JSM-5518




& at -20°C

Surface Modified Freeze Dried Xerogel Granules

—

TEOS

EtOH

H,0

HCI

NH,OH

Gelation and ripening

\N—

ra \

—

Solvent exchange in
ethanol, five tumes
(once per day)

Surface modification
with a TMCS
(trimethylchlorsilane)
solutionin hexane

J

1.5h
A<0.2 W/m-K
p=0.45 g/cm3
Cp=700-840 I’kg'K
0=4+6-10°K1
granules
24 h
5 days
e Drying at subcritical
Washing the gels |, ~condition: 0.5 atm 94 h
with acetone and temperature
\_ 708 €




SUMMARY: Aerogel granules posses perfect
Insulation  properties, they have to be
Incorporated into a panel for effective case
Insulation.




XubOpuonu onmuuHu mamepuanu

energy [ransfer Lanthanide-Based Luminescent Hybrid Materials
S, — I15C —
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JYMHUHECIHEHTHH CBOVHCTBA HA KOMILTEKCH HA
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G. Ahmed, B. Koleva, S. Gutzov, I. Petkov, J Incl. Phenom. Macro. (2007),

DOI: 10.1007/s10847-007-9309-0.

5mlI TEOS + 1.3 ml

EtOH (1:1) 5 min.

Sm 3* doping (0.57 mol/l solution)

1.58 ml H,O (4XTEQS) 5 min.

y

HCI-Hydrolisis: n

uct = 0.003 . Npeas

NH., addition 6/5 * n

Coumarin Doping: 1 ml 1.104 M

A

y

Gelation

— 30 min

Drying ( 16

8 h / 20 °C)

pH=6.8
pH=6.7

pH=2
pH=6.3

Pgel =13 g.cm A



Luminescence of hybride materials doped with coumarin and Sm3*: G. Ahmed, B.
Koleva, S. Gutzov, I. Petkov, J Incl. Phenom. Macro. (2007), DOI: 10.1007/s10847-
007-9309-0.

—— gel coum 4_ex 327
—— gel coum 4_em 393
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JIyMUHECIICHITMS Ha IeJ0Be, TOTHPAHHU C
emun 2-(7-xuopoxcu-kymapun-4-un) auemam
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- Ai3MepBaHe Ha CIEKTPH B PEKAM TPAHCMHCHS B TH(PY3HO

OTPAKECHHUCE

Keapuoeu Kroeemu unmezpupawia cghepa Labsphere PSA-PE-20
200 - 900 nm 200 - 900 nm

2011/04/21 06:37

f =4.32-10"° AxV)
c-d




Pazpabomeane na noeu ovprrcamenu ¢ paziudHu 2eoMempun u pamepu Ha
oazama na noauyeman Polipom POM ®, cvemecmumu ¢ unmezpupauwiama
cgpepa mooen Labsphere PSA-PE-20
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Cvnocmaeka mesxncoy ougy3no -

Augpysno - ompasicamenen cnekmuvp na OmMpaxscameiHu CReKMpu Ha X0AMUe8 OKCuo,

X0/1MUe6 OKCUO, NOKpUm ¢ npeomemno usmepen oupexmnuo (1) u ¢ nokpumue om

CI'BKIL0 | Keéapy06o cmuvkio (2) .




IMonyyaBane Ha ZrQ, Mo 30J1-reJiIHA TEXHOJIOTHS
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= Fe.fwee, CuHmesupanu C auemuilauemon Kkamo Mooud)uuupam azenm

2 - I'enose nonyuenu c oyemna Kuceiuna Kamo npomeKmupany 1uzano
3 - I'enose nonyuenu 6e3 npomeKkuus Ha aiIKOKCUOa




UV/VIS PEDQJIEKCUOHHA CIIEKTPOCKOIIHUA

10

Zr(lV) - acetylacetone complexes

s_/ i

300 400 500 600 700 800 900

wavelength / nm

UVIVis cnekmpu na ompascenue na yupkonuesu 301-2e1 mamepuaiu. 3a pepepenmen
cnexkmuvp e uznonzean KCI

1 — I'en, nonyuen 6e3 npomeKkyusa Ha HAYAJIHUA RPEKYPCOP;

2-I'en, npomexkmupan ¢ oyemna Kuceaiuna Kamo npomeKmupauy 1uzano;

3,4,5- I'enose nonyuenu ¢ oyemHna KUCeIuHa Kamo moouguyupauy 1u2auo.




I’ OIITUYHA NINPUHA HA 3ABPAHEHATA 30HA I
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1- 2en cunmesupan c auemuanayemon £EQ=2.97+£0.45eV r = 0.97
2 - 2en ¢ oyemna kuceauna Eg=4.41+0.185eV r = 0.99
3 - ovp3a xuopoausa na npexypcopa £E9=4.84+0.29eV r =0.99




Notupane Ha SiO, ¢ Eu[ntac];[PPhenDCN]

5 mlTEOS

1.306 m! EtOH

= | Jhxugponm3a

1614 mlH20

0,027 ml 0.23M HCl

—
-

0.538 ml0.14M NH3 Checaar ce 33eHo K

r ) [ (reqrosa ce 40GasAT kb
soluion of [Eu2NTBO) [PPhenDCN] | 1, 00

—

Eu(ntac); pphenden [Eu(ntac)s][pphendcn]




Xubpuonu MuKkpo — u HaHONPaxoee:
S8i02 u ZrO, nonyuen no 3on-2en memooa ¢ [Eu(phen
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Keanmoe oooue I

QY= opoii emumupanu pomonu / 6poit abcopoupanu homonu

Int_, - Abs
QYSamp = QYRe f = = 100%
Int.; - AbSg, .
IIpo6a onucaHme e NM | QY, % Ng /Ny ;
Neu/ Nz
[Eu(ntac);][PPhenDCN] barpuio 396 [10.8+1.8 -
SiO,:Eu[(ntac);(pphenDCN)] VImmperaupana 400 |17.4+1.74| 3.18-10*4
ZrO,:[Eu(phen),](NO,), JloTrpaHa 3011-Te 350 [48.2+4.8 9-103
SiO, 0.05Eu + phen dyukimonanmsupane | 352 | 39.57 +£3.9 5-1072

O\

B amopghnu neopzanuunu cucmemu npu mesu ycnoeusn QY = 1-29




Absorbance

Mamepuanu 3a UV — gpunmpu u 3auyumnu nokpumus

SiO,:Sm3*
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PEHTreHOCTPYKTYPEH aHAJIM3 Ha T'€JI0BE JOTUPAHMU ChC CaMapuil
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PeHTreHorpama Ha rejioBe, JOTHPAHHU C Hanokpucranna ¢asza ot Sm(H,0)s(NO,); B

Pa3IMYHO KOJIUYECTBO SM. rej, ceabpixkai 20 v mopede MoJiHU % Sm.




Calculations vs. measurements
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 Preparation of SI0,:6m*
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| Bas;c gelation scheme.

Acid gelation scheme. l

Ethanol Ethanol

| ossMsmNOy), | 0.55MSmNOy),

] !
H,O, 2h at room temperature H,O, 2h at room temperature

1 1

| 0.23M HCI pH~2 | 0.23M HCI pH~2
! !

_0.14MNH, pH~6-7 . Gelation 48h at 50°C

RLEQmEH DL atl O Gl Lilia0:000 | "TEOS: nC,H;OH:nH,0: nHCL= 1:1:4:0.003
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Our results suggest that acid gelation conditions increase the

UV — absorption intensity of doped silica gels.
Application: powder coatings for UV - protection



Absorption spectra vs. time: calculation of the rate of
densification of gels from UV/Vis — data
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