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SILICA BASED
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AMORPHOUS SILICA NANOMATERIALS - AEROGELS & XEROGELS

Aerogels are amongst the lightest
solids known !

IUPAC 2022 Top Ten Emerging
Technologies in Chemistry!

U wriirack material? w U pobsasses
A a highly porous microstructure with an
air volume of 85~99.8%,

A having a pearl necklace-like network of
loosely packed and bonded particles.




SILICA AEROGELS

Secondary Si particle,
size of 10 nm

Primary Si particle,
<lnm

Synthesized Hydrophobic Aerogels

Sert Cok, SandGizli, N.Ceramicdnternational,Volume46, 2020, 27789.

With outstanding properties :

A low density (0.01-0.03 g/cn®)

A optical transparency (~99% in the visible region)

A high acoustic insulation (low sound velocity of 100 m/s),
A high-temperature resistance (>800C),

A high specific surface area (100-1500 n?/g)

A Ultra -low thermal conductivity ( 20-50 mW/mK)

FEATURES

Light weight \\

Lowest dielectric c&stzgi
High surface area ~<; N
Elastic | :
Low refractive index \/\/

. o Y/
Multiple compositions =

Low speed of sound

| Sound proofrooms, A

APPLICATIONS

Building construction and appliance insulation
2D

— | Solar devices, solar ponds

Capacitors

- Hypervelocity particle trap
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Silica aerogels are produced via

¥

SOELGEL METHOD
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Supercritical drying
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Liet.al,,J.ofNon.Crys.Sql2020

Ambient pressure drying

The availability of silica -aerogel related
commercial products are still limited in
the market so far, due to:

Solution

_________ . - A the fragile structure and

Applications [ A time-consuming and laborious
synthesis

A and costintensive production
(supercritical drying) technology.
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Due to the existance of
hydrophilic OH groups on the
silica particles, the strong
tendency of absorbing mositure
(hyrophilicty) also makes the
processing and handling of
silica aerogels difficult.

The nano-scale and weakly
branched silica backbones
inevitably impose a low
mechanical strength and
inherent brittleness (especially
in the neck region).
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Nanoporous primary particles
(- 1 nm: dense silica)

Porous secondary particles

Silica aerogel

HajarMaleki, LuisaDuraesAntonio Portuga) Journalof Non-CrystallineSolids 385(2014) 55¢74.

Luckily, the versatility of
the solgel method allows

V the incorporation of different
organic functional groups to
silica network for improving
their low mechanical strength

V tuning their hydrophobic
profile.

V Providingfunctionalityfor
targetapplications



Slica xerogels prepared with conventional tetraalkoxysilanes such as

tetraethylorthosilicate (TEOS), tetramethylorthosilicate (TMOS) are rich = ‘<>'°R>,.\-°"
in surface silanol groups (Si-FOH) which are the main source of = \s’/oﬂf
/‘R

hydrophilicity .

During ambient
pressuredrying 0

SiFOH polar groups can be\‘

replaced with hydrolytically
stable Si-R (R=alkyl or aryl)
groups

Asthe solvent evaporates with time

>
Volumetricshrinkage dueto capillar effect

-OH
-04 HO-

OH HO+

Silanol polar
groups attached
on the pore walls

-0-
—0—
—0—
-0-

Condensation
of surface
silanol groups

Irreversible shrinkage
and collapse of the
porous network

~

-0-CH:
H,C-0-
-O-CH;
H,C-O-
-O-CH,
~ |
Non-polar

radicals
attached on
the porewalls

-0-CHs
H,C-O-

-0-CH,
H,C-O-

-O-CH4

Temporary
contraction of
the pore walls

-O-CH:

H,C-0-
0-CH,

H,C-0-
-O-CH,

SPRING-BACK EFFECT

Repulsionbetween the
surface radical groups

UNMODIFIED
SURFACE

MODIFIED
SURFACE

Sert Cok, SandGizli, N.Jnternational Journal of Heat and Mass Trans¥&rlume 188, 2022, 122618

R: OC H,
Unsilylated Silica Aerogel

Sert Cok, S., Kog, F., Gildijrnalof HazardoudVaterials
Volume408, 2021, 124858.

L Prevents material degradation caused by moistur e

L Protects the porous structure against network collapse
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Self-Cleaning Ability
LOTUS EFFECT!

Bacteria-Repelling Ability
LOW ENERGY SURFACES!
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Organofunctionalized silica aerogels can be obtained either by

Ex-situ modification

in-situ modification

Unsilylated silica aerogel

Silylated silica aerogel

Silylation with
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Sert Cok, S., Kog, F., Gildirnalof Hazardoudvaterials Volume408, 2021, 124858.
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Primary Si particle,

Synthesized Hydrophobic Aerogels
<1l nm
Sert Cok, SandGizli, N.Ceramicdnternational,Volume46, 2020, 27789.

Sert Cok, SandGizli, N.Jnternational Journal of Heat and Mass Transfer
Volume 188, 2022, 122618
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size of 10 nm ’ é. o"“' o m N - . .
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Silylated Aerogel
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ORGANICALLY MODIFIED SILICA (ORMOSIL) AEROGELS

Organofunctional Silanes

ek 9 CH,0(CHy) Cé)c HSOCH
, 2 2)3— oI 3
H3co—§|w\o)kaH2 ve Lo
e OCHs CHy
}% 3-methacryloxypropyltrimethoxysilane 3-Glycidyloxypropyltrimethoxysilane
3 =4 g y y
39 I|-OH
HsC H3C
| ’ \O 3 \O
B 0 /
-s:i-o—>5i—R H3C/ \SI/\ /CH3 HZN/\/\/Si\O/CH3
-(Sii/o HZC_ / 0 H3C_O

Vinyltrimethoxysilane (3-Aminopropylyrimethoxysilane

0 O—cH
H C/ 3
Benefitsfrom: : \Si/
A functionality coming from organic groups 7 \O’_CH ,
A high surface area and stability of inorganic HyC :

silica host Methyltrimethoxysilane



IN-SITUMODIFICATIOAPPROAC EX-SITU MODIFICATIGRPROAC

c: c: Cc: c:

Solpreparation " Solpreparation
s % o —
Gelformation e S Gelformation
4 : \ ]
Ambien :
Vg €L
L 4
Solvent exchang @il
treatments
@
Modification
L
cost-effective
dryino

time-saving

looser solid matrix U Effective in achieving high hydrophobicity

possiblity to retain monolithic structure U Slightly atime-consuming strategy



Structureactivity
relationship

Particle without surface Surface Surface functionalized
functionalization functionalization particle

N
o HO
L
HOV '™ N
HO

* organofunctional group

INTRINSIC PROPERTIE ACTIVITY

wLightweight form

wHigh Specific Surface Are
wPorosity wLow thermal conductivity
wDensity wlLow dielectric constant
wPore Size “ wlLow refractive index
wParticle Size wlunable transparency
wPore Distribution wTunableHydrophobicity
wVersatile surface wMultiple Composition

wFlexibility

wHighmechanicabtrength




PHYSICOCHEMICAL AND
MICROSTRUCTURAL VARIATIONS
CAUSED BY ORGANIC SUBSTITUION
ARE MONITORED BY:

wFTIR
Basic welEhy

o T ey N2 Porosimetry
WwTGA
WTEM
Complementary ssNMR
Characterizations WSAXS
WSANS

Precious Heavy
Metals / Rare
Earth Elements
Removal and
Recovery

Pharmaceutical
removal from
wastewaters

SO FAR..

Thermal
Insulation

Silica Aerogel

Nanomaterials

SeltCleaning
Surfaces

Oil/ Organic
Solvent ClearlUp

Bacteriarepelling
barriers for
Healthcare
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Samples SMTMS SVTMS SMEMO SGLYMO
Physical
Appearance
Density
(kg/m 3) 92 120 114 380 457
Porosity (%) 95.8 94.5 94.8 82.7 79.2
Gelation
time (h) 0.5 1 2 8 8
Total
synthesis 49 69 72 48 43
time (h)

Microstructure

distinct and uniformly
distributed pores and fine
silica particles

particles aggregated as clusters

globular aggregated morphology

the clusters consisted of densely packed nanoparticles

more compact morphology

some large pores existed

ChemicalProperties

“==MTMS MTES VTMS MEMO ~==GLYMO
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Normalized Absorbance

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)
Hydrophobicity
Sample ID SAMTMS SAMTES SAVTMS SAMEMO SAGLYMQ
Contact Angle )
Contact Angle 141 147 140 120 ;
Value ()
Textural Properties
SAMPLE ID
W SA-MTMS SA-MTES SA-VTMS SA-MEMO SA-GLYMO
Seer (m2/g) 367 315 308 326 531
D (nm) 2.3 2.8 3.2 3.7 6
16



Thermal Stability

—SA-MTMS —SA-MTES —SA-VTMS SA-MEMO  —SA-GLYMO
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% Weigth, mg/mg
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Qo o o

w
t-3

0 100 200 300 400 500 600 700 800 900 1000
Temperature, °C

Gas heat

? ? ?d conduction

Solid heat
conduction

Radiation
coupling region

Thermal Conductivity

pnopsms;::ﬂm D' SA-MTMS  SA-MTES  SA-VTMS  SA-MEMO  SA-GLYMO
p (kg/m?) 92 114 120 157
dexy MW/mK)* | 45:0.23 44+0.25 43:0.20 42+0.37 47+0.39

SA-MTMS
40 p=92 gfcm?

30

SA-GLYMO SA-MTES
p=457 gfem? p=114 g/cm?
SA-MEMO SA-VTMS
p=380 gfcm? p=120 g/cm?

—— gaseous thermal
conductivity (mW/mK)

——solid-gas coupling
thermal conductivity
(mW/mK)

—— solid thermal
conductivity (mW,/mk)

—— radiation thermal
conductivity (mW/mK)
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DEVELOPMENT OF VINYL/METHYL DECORATED SILICABASED AEROGEL-LIKE MATERIALS AND THEIR
PERFORMANCE EVALUATION AS NOVEL ADSORBENTS FOR OIL/ORGANIC SOLVENTS

0.1 nm 2 nm 50 nm 10 ym
'— Micropore Mesopore Macropore
. Colored water.
droplets O
o TEOS derived | VTMS derived
aerogel aerogel/
Si

=

water

\ -
R L 49
aes®y »

MI'I\')IS derived\_  MTMS/VTMS derived aerogels

~ aerogel I AV4 / aerogel
£ C/’ 4 C|> e 0\ A
§ y —si—o— SN —O0—_
oil/water g Yo—si—o— g o SI\ o) AR

' separation
HO Sy HZC\/\Si/O\
—~o—di—o s /
e w ¢

oil/organic solvent utv;’

JVTMS derived .

Chemical functionality and the

microstructuralvariationsinducedby the

vinyl substitution ,variouscomplementary

characterizatioiechniquedike:

A 29Si-NMR,

A Small angleneutron/%ray scatterings
(SANSandSAXS)

in additionto basiccharacterizationike

A FTIR,

A N, Sorption

A SEM.

Sert Cok S., Ko¢ EenA., Gizli NDudasZ., The role of surface and structural properties on the adsorptive behavior of wietlyl decorated silica aerogkke hybrids ér oil/organic solvent

cleanup practices 2023,Separatiorand PurificationTechnologyVol.334, 125958.
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PoreProperties N, Sorption

NLDFT
Surface DR Method .
Total Pore . average Bulk . Volumetric
Area Micropore . Porosity .
Sample ID L. Volume pore Density Shrinkage
Multipoint (cm¥/g) Volume diameter | (g/cm?) (%) %)
BET (m?/g) g (cm?/g) g ’
{nm)
VT-0 792 1.75 0.250 8.14 0.072 94.9 -
VT-25 1021 1.84 0.340 4.09 0.098 93.1 -
VT-50 889 1.70 0.400 4.88 0.131 90.8 -
VT-75 855 1.18 0.310 6.07 0.110 92.3 -
VT-100 145 0.19 0.027 4.09 0.115 91.9 4.6
VM-0 8.7 0.1 - - 0.109 92.3 5.9
VM-25 44 0.07 - - 0.182 87.2 21 .2
VM-50 16 0.08 0.009 - 0.095 933 6.8
VM-75 21 0.05 0.010 - 0.087 93.9 8.1
VM-100 4.4 0.03 0.002 - 0.125 91.2 5.8

Sert Cok S., Ko¢ EgnA., Gizli NDudasZ., The role of surface and structural properties on the adsor

SeparatiorandPurificationTechnologyVol.334, 125958.

Microstructure- SEM

ve behavior ofwietflyl decorated silica aerogtke hybrids ér oil/organic solvent cleanp ﬂ)Pactices 2023,



INTRODUCTION ¢SANS measurements

10 — ¥ — LowQ Guinier(1/Q°) region Givesthe
1/Q° é‘m"ic:r , | detailsaboutthe particlesize ofthe
Region material
g T 1/Q’ l
o \\
S 0.1 [ | 1/Q* region Givesthe detailsaboutthe
O | porositythe material
L
£ 001} -
o 1/Q*
= Porpd : : :
0.001 Redion Porod(1/Q% region leesthe details
, | aboutthe surfacepropertiesof the
- material

0.001 0.01 0.1 1
Scattering Variable Q (A™)



Microstructure- SANS

Fitted SANS parameters for the VT and VM series

Sample p Rg (A) di:;ig?t?ndm) Sample SANS p
VT-0 2.04+£0.01|115+1 30 VM-0 3.82+0.03
VT-25 2.38+0.01| 211+£2 55 VM-25 3.84+0.04
VT-50 2.63+£0.01| 150+2 39 VM-50 3.70+£0.03
VT-75 3.02+0.01 | 108+1 28 VM-75 3.53+0.03

VT-100 | 4.00+0.03 - - VM-100 3.71+£0.04

A VT-0-75 samples showed A The VT series showed A The VM shows
average estimated particle fractatlike behavior
sizes from 28 to 55 nm,

volume fractallike

|

Y

behavior characteristic for
multilevel particle system.

A The

VT-100

sample A

showed smooth interfaces
between the pores and
micrometersizedparticles

Sert Cok S., Ko¢ EenA., Gizli NDudasZ., The role of surface and structural properties on the adsorptive behavior ofwietflyl decorated silica aerogkke hybrids ér oil/organic solvent cleanp %ljactices 2023,

except for the VALOO.

Separatiorand PurificationTechnologyVol.334, 125958.

TheVM series does not A
contain pores or particles
in the size range of 20 nm
to 100 nm.

\

with the calculated
p exponents

Characteristiof
surface fractals and
describes a rough
interface between the
micrometric pores and
particles.




VT SERIES VM SERIES

Z

2
ctices 2023,

~—VT-0 —VT-25 —VT-50 VT-75 —VT-100 ~—VM-0 —VM-25 —VM-50 VM-75 —VM-100
—\ 250
=C-H
. R
200 —C-H
8 T g
5 5150
FTIR € — |5
£ < 100
R C-H ® CH
50
0 S1-O-S1
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Sert Cok S., Kog EenA., Gizli N.DudasZ.,The role of surface and structural properties on the adsorptive behavior of wietflyl decorated silica aerogkke hybrids ér oil/organic solvent cleanp pra

Separatiorand PurificationTechnologyVol.334, 125958.



SURFACE PROPERTIES  CONTACT ANGLE MEASUREMENTS
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146 ® 5.50

147
M5 144 20 Hydrophobicbehaviourof the samplesn VT series
141 4.50 ,

140 L 4.00 A7

3.50
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130 2.00 f
1.50 A - ) o
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Surface Energy (mJ/m?)

mwm Contact Angle @ Surface Energy

Coloed water S5t
droplets

Sert Cok S., Kog EenA., Gizli N.DudasZ.,The role of surface and structural properties on the adsorptive behavior ofwietflyl decorated silica aerogkke hybrids ér oil/organic solvent cleanp pra%ﬁcesZOZS,
Separatiorand PurificationTechnologyVol.334, 125958.




OIL/ORGANIC SOLVENT SORPTION STUDIES

——VM-50 ——VT-100

8
14.00
12.00 72 ’_*\—‘\_'—’“‘\‘&<
— 10.00 o 7
& o
) LE
S 800 g 6,5 '\o—.\F L r e T T
g 6.00 g T~
© S
(@] Q
4.00
2.00 2.5
0.00 5
1 2 3 4 5 6 7 8 9 10
oS Cycle number
s
VM-0 VM-25 = VM-50 ®VM-75 m VM-100 —
VT-0 VT-25 = VT-50 mVT-75 m VT-100 . . -

u All samples reached over
90% of their capacity after
less than 5 min of exposure,
confirming fast sorption
kinetics

AT

U VT-100andVM-50 hadthe
highest uptake capacity for
the majority of the pollutants

-

Sert Cok S., Kog EgnA., Gizli N'.DucésZ.,THe role of surface and structural properties on the adsorptive behavior ofwietflyl decorated silica aerogkke hyb
andPurificationTechnologyVol.334, 125958.



FEASIBILITY OF METHYLATED SILICA XEROGELS AS SUPERHYDROPHOBIC, SELF CLEANING
MATERIALS WITH BACTERIA REPELLING PROPERTY

TEOS/MTMS aerogel with TMCS silylation
Gel R N Solvent Surface 'g‘gg;euné Y SN 5\ s
formation exchange i Modification drying oy J o P
/O |I./D CHs
ZL% H31 /O———\Si c{ %SI\O——S|<E~CH3
LV MTMS content (MTMS/TEOS) was varied 0%, 25%, 50%, 75%, 100% by vol. s \OHSi‘L___OiO\SHD cH
B 0 If/,(:H3 E:H3 Oy,
To improve the methyl functionality , heat treatment at 250°C for 4 h was applied HEC T'\ofs/—o/s\o | AN
HaC E:H g O/S\HEOHSI/ CH,
to all samples. : £ on W, \o%

MT-0-S MT-25S MT-50-S MT-75S MT-100-S

Surface

- Ave. Pore Total porevol., Exp.bulk
Diameter, nm cmilg density, g/cm?® : %linear
2 0]

m2/g POTosity % | gprinkage

Ser dp,BET dp* Vp,BET
MT'éOO 39 1.4 1014 0.12 9.89 0.096 95 2.86
MT-75-S 302 11 100 0.99 7.57 0.121 92 3.57
MT-50-S 613 1.7 34 4.25 5.32 0.166 88 -
MT-25-S 844 1.4 24 4.05 5.06 0.173 87 -

*. propertiescalculateddependingon experimentabulk and skeletaldensity

Sert Cok S., Koc BudasZ., Gizli N Methyl Functionalityof Monolithic SilicaXerogelsSynthesizediathe Co-gelationApproachCombinedwvith SurfaceSilylation 2023, Gels Vd.9, 33.



SEM MICROGRAPHS

2500

MT-100-S
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292 NMR SPECTRA
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Sert Cok S., Koc BuydasZ., Gizli N Methyl Functionalityof Monolithic SilicaXerogelsSynthesizediathe CogelationApproachCombinedwith SurfaceSilylation 2023, Gels Vd.9, 33.




BacterialAdhesion
Tests

A Staphylococcus aureus and Escherichia coli 0157:H7
were selected as reference grarrpositive and gram -
negative bacteria.

A Working cultures were obtained by inoculating them
into tryptic soy broth.

A Aerobic incubation of the strains was carried out at
37°C for 24 hourspeew N w" .%4 ¥y OO A

A Before the inoculation, the hydrophobic aerogelsand
hydrophilic aerogelas a reference were well
sterilized by submerging them into 70 % Ethanol.

A Inoculation was carried out under ambient
conditions for 6 hours.

A After inoculation , bacterial attachments on both
hydrophilic and hydrophobic aerogelswere
observed by SEM analysis.




SEM MICROGRAPHS OF HYDROPHILIC AND HYDROPHOBIC AEROGELS

Hydrophilic Reference Aerogels

_— Y

¢

) e - e i £
% 2/9/2023 HV spot | WD usecase 'mag O det mode  — 1 VU — |
4:16:11PM 5.00kV 9.0 129 mm Standard 20000x ETD SE EGE-MATAL

/”/ ../': “ s

% 2/9/2023 HV spot | WD usecase mag O det l/mode |——Sum———
4:09:16 PM 5.00kV 9.0 ' 13.2mm Standard 25000x ETD SE EGE-MATAL

S.aureus
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E.Coli Adhesion

V E.Coli adhesion was restricted in
the entire series compared to
reference samples.

V On the other hand, the most
MT-25-S MT-50-S intense bacterial adhesion was
observed in MT-25S and MT-
50samples and  decreased
significantly in MT-75S and
MT -100-S samples depending on
the methyl content.

% 2/6/2023 HV spot WD usecase mag O det mode p———100 ym——

% 2/9/2023 | HV spot WD Ise case | ma O det mode f——5um
» 3:19:34PM 5.00kV 9.0 13.8mm Standard 10000x ETD SE EGE-MATAL Sl g = g =

as
11:33:38AM 5.00kV 9.0 15.1mm Standard 20000x ETD SE EGE-MATAL

MT-75-S MT-100-S



