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Ab stract
The pre sen ted study re ports on dif fe rently mo di fied si li ca sols for coa ting ap pli ca tions on leat her. Si li ca sols are pre pa -
red by aci dic hydroly sis of te traet hoxy si la ne and mo di fied by si lane com pounds with fluo ri na ted and non-fluo ri na ted
alkyl groups. In con trast to many ear lier in ve sti ga tions re gar ding sol-gel ap pli ca tions on leat her, no acry lic re sin is used
toget her with the si li ca sols when appl ying on leat her. The mo di fied si li ca par ticles are sup po sed to ag gre ga te af ter ap -
pli ca tion, for ming thus a mo di fied si li ca coa ting on the leat her sub stra te. Scan ning elec tron mi cros copy in ve sti ga tion
shows that the ap plied si li ca coa tings do not fill up or clo se the po res of the leat her sub stra te. Ho we ver, even if the 
po res of the leat her are not sea led by this sol-gel coa ting, an im pro ve ment of the wa ter re pel lent and oil re pel lent pro -
per ties of the leat her sub stra tes are ob ser ved. The se im pro ved pro per ties of leat her by ap pli ca tion of mo di fied silica sols
can pro vi de the op por tu nity to de ve lop sol-gel pro ducts for leat her ma te rials pre sent in daily li fe.
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1. In tro duc tion
Nearly 20 years ago, re searc hers star ted to eva lua te

sol-gel ap pli ca tions for the mo di fi ca tion of na tu ral ma te -
rials li ke wood.1,2 About 10 years ago, tex ti les as anot her
sub stra te for sol-gel treat ment ca me in to the fo cus of re -
searc hers.3,4

Star ting from the se early re ports, many dif fe rent
groups world-wi de developed sol-gel ap pli ca tions on
wood and tex ti les to bring new func tio na li ties and new
pro per ties to tho se ma te rials.5–12 This is a strong on going
re search lea ding al so re cently to new re sults es pe cially in
res pect to rea li ze an ti mi cro bial, self-clea ning, water and
stain re pel lent tex ti le or wood.13–19

As wood or tex ti les, leat her is al so a ma te rial ori gi -
nal from na tu ral re sour ces with high eco no mic im pact

due to ap pli ca tions in clot hes, shoes, fur ni tu re or in the
au to mo ti ve sec tion. Ho we ver, in con trast to the strong ef -
forts to de ve lop sol-gel ap pli ca tions for wood and tex ti les,
only few in ve sti ga tions are re por ted on the de ve lop ment
of sol-gel ap pli ca tions for the treat ment of leat her. Lon -
ger ex pe rien ces are avai lab le for the mo di fi ca tion of leat -
her by plasma or pla sma poly me ri sa tion to im pro ve mec -
ha ni cal pro per ties and to reach water re pel lent ef -
fects.20,21 For the se dif ferent pla sma treat ments a chan ge
of the wa ter up-ta ke ca pa bi lity and hygros co pic pro per -
ties of leat her is re por ted. Sila ne rea gents li ke ami no -
propyl triet hoxy si la ne are al so used for the en han ce ment
of the ad he sion of an af ter wards ap plied in ter pe ne tra ting
net work on leat her.22 By this com bi na tion of a si la ne pre -
cur sor and the net work, the abra sion sta bi lity of the trea -
ted leat her was reac hed.
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Sin ce 2006, so me stu dies are re por ting on the use of
Si O2 par tic les pre pa red by a sol-gel pro cess as an ad di ti ve
for acry lic re sins applied on to leat her mate rials.23–25 In
the se ap pli ca tions si li ca par tic les are used as ad di ti ves in
acry lic re sins of fering to se ve ral ad van ta ges such as the
de crease of wa ter up-ta ke ca pa bi lity or the im pro ve ment
of physi cal and mec ha ni cal pro per ties. Re mar kably, es pe -
cially the ca pa bi lity for the up-ta ke of li quid wa ter is de -
crea sed whi le si mul ta ne ously the per mea bi lity for wa ter
va por is increa sed.23–25 Ho we ver, for the se in ve sti ga tions
the sol-gel pre pa red par tic les are used only as an ad di ti ve
in a re sin and not as a coa ting for ming agent it self. 

Gela tin mo di fied si li ca sols used for pre pa ration of
trans pa rent coa tings ha ve al so been sug ge sted for the use as
coa ting agent for leat her ma te rials.26,27 As re por ted by Smit -
ha et al., the si li ca par tic les of the coa ting agent are sup po -
sed to ag glo me ra te with each ot her du ring the coa ting and
dr ying pro cess, so the re sul ting sol-gel coa ting is sup po -
sed to be a three-di men sio nal net work as a re sult of ag glo -
me ra ted si li ca par tic les. Whi le the pre pa ra tion of the se
sol-gel coa ting agents and their ap pli ca tions on glass sub -
stra tes are well des cri bed, the ap pli ca tion on leat her
substra tes is only sug ge sted and less ex pe ri men tal re sults
for leat her sub stra tes are re por ted by Smit ha et al.26,27

Be cau se of the small num ber of re sults re por ted on
sol-gel coa tings ap plied on leat her up to now, the aim of
the now pre sented in ve sti ga tion is to de pict the ef fects of
dif fe rently mo di fied si li ca sols used as coa ting agent for
leat her re fi ne ment. The in ve sti ga ted si li ca par tic les are
not used as ad di ti ve in an acry lic re sin, they are the coa -
ting for ming agents them sel ves and they are mo di fied by
si la ne con tai ning com pounds to gain wa ter and oil re pel -
lent ef fects. 

The wa ter and oil re pel lent pro per ties of leat her sub -
stra tes af ter ap pli ca tion of dif fe rently mo di fied si li ca sols
are in ten si vely in ve sti ga ted af ter the sol ap pli ca tion and
af ter an abra sion test has been per for med at the coa ted
sam ples. The se in ve sti ga tions are ac com pa nied by scan -
ning elec tron mi cro copy. 

Due to the suf fi cient va lues for re pel lent pro per ties
gai ned for leat her af ter sol-gel ap pli ca tion even if an abra -
sion is per for med, the he re pre sen ted coa ting agents could
be the star ting point for the de ve lop ment of va ri ous sol-
gel ap pli ca tions for leat her re fi ne ment. 

2. Ex pe ri men tal Part

2. 1. Ma te rial Pre pa ra tion
A pu re si li ca sol and mo di fied si li ca sols are used for

the treat ment of leat her sur fa ces. The pre pa ra tion of the
si li ca sols is per for med by aci dic hydroly sis of te tra -
ethoxy si la ne (TEOS) (pu rity >95%) (sup plied as Dyna si -
lan A from Evo nik/De gus sa). For this, an amount of 4 ml
0.01 N HCl is ad ded to a mix tu re of 20 ml TEOS and 84
ml et ha nol un der strong stir ring. Af ter furt her stir ring for

24 hours at room tem pe ra tu re the si li ca sol is ready to be
used as coating agent. The si li ca sols are mo di fied by ad -
ding three dif fe rent ad di ti ves al ter na ti vely in an amount of
4 vol.–% to the pre pa red si li ca sol. Va ri ous ad di ti ves are
used, such as octyltriethoxysilane (pu rity > 95 %) (sup -
plied as Dyna si lan OCTEO from Evo nik/De gus sa), triet -
hoxy tri de caf luo rooctyl si la ne (pu rity > 95 %) (sup plied as
Dyna si lan F8261 from Evo nik/De gus sa) and a fluori na ted
polysi lo xa ne (sup plied as Dyna si lan F8800 – re ci pe con -
tai ning 70% fluo ralkyl- and ami noalkyl-con tai ning poly -
si lo xa ne in 30% et ha nol). Af ter ad di tion of the ad di ti ve to
the mix tu re, the so lu tion is strongly stir red for at least 30
mi nu tes be fo re applying on leat her. By the se com bi na -
tions, al to get her four dif fe rent re ci pes are rea li zed and
used for ap pli ca tion on to leat her sam ples. The se re ci pes
are sum ma ri zed in tab le 1. 

Pos sib le sa fety ha zards of the des cri bed re ci pes can
re sult from the ad di tion of fluo ri na ted or ga nic com -
pounds. Fluo ri na ted or ga nic com pounds are known for
long ti me to con tain an acu te to xi city and they are al so bi o-
ac cu mu la ti ve.28–30 Thus it is ne ces sary to avoid ex po si tion
du ring pre pa ra tion and ap pli ca tion of the used re ci pes.
This is the rea son why the re ci pes are ap plied on the leat -
her by a rol ling pro cess and no spra ying pro cess is used.
In ca se of spra ying, the risk of in ha la tion by breat hing in
the ae ro sol is too high.

The ap pli cation of the re ci pes is per for med by a rol -
ling pro cess on leat her. Af ter dr ying the trea ted leat her
sam ples at room tem pe ra tu re, a sub se quent treat ment at
50 °C for 15 mi nu tes is per for med. The leat her sam ples
are pro vi ded by Wil helm Ka sten Gmb H (Le der fa brik,
Stern we de, Ger many) and used as re cei ved, due to the fact
that the de ve lo ped si li ca sol re ci pes should be used as an
af ter treat ment fi nis hing for leat her which is already sup -
plied to the cu sto mer. The leather ma te rial has a weight of
1154 g/m2 and is pre trea ted by the pro du cer with light
brown co lor pig ment and a wax. 

Tab le 1: Over view on si li ca sols used for leat her treat ment

sol Com po si tion
1 Pu re si li ca sol
2 Si li ca sol with octyl triet hoxy si la ne
3 Si li ca sol with triet hoxy tri de caf luo rooctyl si la ne
4 Si li ca sol with fluo ri na ted poly si lo xa ne

2. 2. Analy ti cal Met hods
Contact an gle mea su re ments are con duc ted to in ve -

sti ga te the hydrop ho bic and oleop ho bic pro per ties of the
leat her sur fa ces. The con tact an gle mea su re ments we re
per for med by a self-built de vice con tai ning a di gi tal ca -
me ra (Di gi mi cro) and a da ta eva lua tion by com mer cial
soft wa re (Mi cro cap tu re). The con tact an gles are de ter mi -
ned with two li quids: wa ter and na tu ral oil from thist le.
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Drops of the se li quids with a vo lu me of 18 mi cro li ters are
set on the leat her sur fa ce. The con tact an gles are de ter mi -
ned as a function of ti me up to 4 mi nu tes. 

The con tact an gle mea su re ments are per for med at
three dif fe rent lo ca tions on the spe ci men sur fa ce as func -
tion of ti me. The con tact an gle is re cor ded af ter set ting the
drop of te sting li quid on to the sur face af ter set ting ti mes of
5, 30, 60, 120 and 240 se conds. This mea su re ment pro ce -
du re is re pea ted at three dif fe rent lo ca tions on the sur fa ce.
From the se three mea su re ments the ave ra ge va lue for
every set ting ti me is cal cu la ted and gi ven in the da ta eva -
luation. The ran ge of mea su red con tact an gle va lues for
every set ting ti me is ref lec ted by the er ror bars for each
da ta point, so the er ror bars pre sen ted co ver the lo west
and the hig hest con tact an gle mea su red for each set ting ti -
me de ter mi ned from mea su re ments at dif fe rent lo ca tions
on the sur fa ce. 

Scan ning elec tron mi cros copy (SEM) was used to
in ve sti ga te the sur fa ce to po graphy of the sol-gel trea ted
leat her sam ples. Re fe ren ce mea su re ments are do ne with
SEM for com pa ri son with un trea ted leat her. For all SEM
mea su re ments, a SEM from Phi lips (mo del XL 30 ESEM
FEG Phi lips) was used. For the mea su re ments, the leat her
sam ples we re cut by 1 cm * 1 cm and coa ted with Pla ti num
using a sput ter coa ting pro cess of 60 se conds du ra tion.

The pro per ties of leat her sam ples are te sted af ter the
ap pli ca tion of the sol-gel coa ting and af ter abra sion tests
ha ve been per for med. The abra sion is do ne with a com mer -
cially avai lab le de vi ce (New Mar tin da le Abra sion Te ster)
using an abra sion with a wool fa bric for 20,000 cycles.

3. Re sults and Dis cus sion

The wa ter re pel lent pro per ties of the in ve sti ga ted leat -
her sam ples are de ter mi ned by con tact an gle mea su re ments
(Fi gu re 1). For this, the con tact an gles of wa ter are de ter mi -
ned as func tion of ti me af ter the wa ter drop is set on to the
leather sur fa ce. Even the in ve sti ga ted non sol-gel trea ted
leat her sam ple shows cer tain wa ter re pel lency with con tact

an gles around 103° which is a nearly stab le va lue for at least
4 mi nu tes af ter drop set ting. The ap pli ca tion of the pu re si li -
ca sol re ci pe 1 leads to a small en han ce ment of the wa ter re -
pel lency com pa red to the un trea ted leat her. This is es pe -
cially re mar kab le, be cau se a pu re Si O2 coa ting pre pa red
from a si li ca sol is not sup po sed to be hydrop ho bic. 16,31

An im pro ved wa ter re pel lent ef fect could the re fo re be
ex plai ned by a kind of bar rier ef fect of the Si O2 coa ting,
which pre vents the wa ter from sin king into the leat her sub -
stra te. This is com pa rab le to the ef fects ob ser ved for pla sma
poly mers de po si ted on leat her.20,21 Ho we ver, it has to be
sta ted that the sur fa ce to po graphy of the leat her sam ples is
nearly not inf luen ced on the mi cro me ter sca le by the sol-
gel coa ting (Fi gu res 2, 3a and 3b). The sur fa ce to po graphy
of the in ve sti ga ted leat her con sists of regularly di stri bu ted
po res with dia me ters bet ween 60 and 80 mi cro me ters.
Tho se po res are not fil led up by the sol-gel coa ting as it is
re por ted, e.g., for plasma treat ments or pla sma poly me ri za -
tion (Fi gu res 2, 3a and 3b).20,21 For this, it should be sta ted
that the ap plied sol-gel coa ting is ex tre mely thin and is not
ab le to fill up mi cro me ter si zed po res on the leat her sur fa -

Fi gu re 1: Con tact an gle of wa ter on leat her – af ter ap pli ca tion of dif fe rent re ci pes (left ima ge) and af ter abra sion test (right ima ge)

Fi gu re 2: SEM mi cro graphs of un trea ted leat her – be fo re and af ter
an abra sion test is per for med.



ce. A cer tain in crea se in wa ter repel lency af ter the appli ca -
tion of a si li ca sol can the re fo re not be ex plai ned by a sim -
ple sea ling of the leat her po res by the si li ca sol. In con trast,
it should be sup po sed that the sol re ci pe pe ne tra tes in to the
leat her po res du ring the ap pli ca tion pro cess and leads to a
com ple te coa ting of the leat her sur fa ce inc lu ding al so the
in ner sur fa ce of the po res. 

As ex pec ted, the dif fe rent hydrop ho bic mo di fi ca tions
of the si li ca sols ap plied as re ci pes 2, 3 and 4 are lea ding to
a furt her in crea se of the hydrop ho bic pro per ties of trea ted
leat her sam ples (Fi gu re 1). Es pe cially re mar kab le is for
the se three re ci pes that the mo di fi ca tion with the non-fluo -
ri na ted octyl triet hoxysi la ne (re ci pe 2) yields the hig hest
con tact an gle against wa ter. The re fo re, a com bi na tion of 
Si O2 with octyl triet hoxy si la ne is most ad van ta ge ous for
im pro ve ment of hydrop ho bic pro per ties of the leat her. 

An im por tant que stion for the prac ti cal use of the in -
ve sti ga ted sol-gel coa tings is the sta bi lity of the gained ef -
fects un der con di tions of usa ge. For this, an abra sion test

is per for med on the sol-gel trea ted and on the un trea ted
leat her sam ples con si dered as re fe ren ce. This abra sion test
is per for med by run ning 20,000 cycles against a wool fa -
bric on a Mar tin da le de vi ce. For the un trea ted leat her
sam ples, it can clearly be ob ser ved, that the leat her to po -
graphy is sig ni fi cantly chan ged by the abra sion pro cess
(Fi gu re 2). Whi le the po re si ze in the leat her sur fa ce is
nearly not inf luen ced by abra sion, the ot her part of the leat -
her sur face lo ses its rough ness. Thus, it can be sup po sed
that a sig ni fi cant amount of leat her ma te rial is re mo ved by
the abra sion. 

The sa me abra sion be ha vior can be sug ge sted from
SEM mi cro graphs for the sol-gel coa ted leat her sam ples
(Fi gu res 3 and 4). The coa ted sam ples al so ex hi bit a
strong chan ge in the sur face to po graphy af ter abra sion,
thus a com ple te pro tec tion against abra sion can not be ex -
pec ted by the ap plied sol-gel coa ting.

This sta te ment is in good re la tion with the con tact
angle mea su re ments with wa ter on the leat her sam ples af -
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Fi gu re 3a: SEM mi cro graphs of leat her sam ples – af ter ap pli ca tion
of the sol re ci pes 1 and 2.

Fi gu re 3b: SEM mi cro graphs of leat her sam ples – af ter ap pli ca tion
of the sol re ci pes 3 and 4.

Fi gu re 4a: SEM mi cro graphs of leat her sam ples – trea ted with the
sol re ci pes 1 and 2, af ter per for man ce of the abra sion test.

Fi gu re 4b: SEM mi cro graphs of leat her sam ples – trea ted with the
sol re ci pes 3 and 4, af ter per for man ce of the abra sion test.
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ter the abra sion pro cess (Fi gu re 1). The se re sults de mon -
stra te that the hydrop ho bic pro per ties of all sol-gel coa ted
sam ples de crea se dra sti cally af ter abra sion. On the ot her
hand, the water re pel lent ef fect of the untrea ted leat her
keeps its con tact an gle against wa ter in the ran ge of 103°.
The ad di tio nal hydrop ho bic ef fect gai ned by all hydro -
pho bi cally mo di fied sol-gel re ci pes 2, 3 and 4 is di mi nis -
hed by the abra sion and is nearly si mi lar to con tact an gles
de ter mi ned for the not sol-gel trea ted leat her (Fi gu re 1).
Only for the pu re si li ca sol coa ting (re ci pe 1) a slightly
hig her con tact an gle against wa ter can be de ter mi ned even
af ter the abra sion is per for med. Hen ce, cer tain bet ter abra -
sion sta bi lity may be sug ge sted by ap pli ca tion of a pu re si -
li ca sol com pa red to the hydrop ho bi cally mo di fied Si O2-sol
coa tings. Ho we ver, it should be sta ted that the mea su red
dif fe ren ce in the con tact an gle of wa ter af ter the abra sion
tests are less than 5° which is in the range of the er ror bars
ref lec ting the de via tions of the per for med con tact an gle
mea su re ments on dif fe rent po si tions of the sam ple.

To com ple te the in ve sti ga tion, oil re pel lent pro per -
ties of the trea ted leat her sam ples are al so in ve sti ga ted by
de ter mination of the con tact an gle of na tural oil (Fi gu re 5).
Com pa red to the wa ter re pel lent pro per ties, the inf luen ce
of the dif fe rent sol-gel treat ments is mo re sig ni fi cant on
oleop ho bi city than on hydrop ho bi city. Even the not sol-
gel trea ted leat her con tains an ini tial con tact an gle of 55°
against the used oil. Ho we ver, af ter set ting the oil drop,
the oil drop sinks in to the leat her sub stra te, which is ref -
lec ted by a signi fi cant de crease of the con tact an gles as
func tion of ti me (Fi gu re 5). The ap pli ca tion of the pu re
si li ca sol does not lead to a hig her ini tial con tact an gle of
oil but to a de crease of this con tact an gle as func tion of ti -
me. Thus, it should be es ti ma ted that the ap plied Si O2
coa ting is not oleop ho bic it self but a kind of sea ling of
the leat her sur fa ce may be sug ge sted, due to the lo wer de -
crea se of the oil con tact an gle with the in crea sing de po si -
tion ti me.

Hig her ini tial con tact an gles against oil, bet ween
65° to 70°, are reac hed by the ap pli ca tion of the mo di fied

si li ca sols (re ci pes 2 and 3). The se si li ca sols are mo di fied
with fluo ri na ted and non-fluo ri na ted octyl triet hoxy si la ne.
Re mar kably, both re ci pes lead to cer tain oil re pel lent ef -
fects. In com pa ri son, the strong oil re pel lent ef fect gai ned
by the coa ting with the sol reci pe 4 is es pe cially sig ni fi -
cant. By appl ying this re ci pe, an ini tial high con tact an gle
of oil of 85° can be reac hed. Ad di tio nally, the con tact an -
gle va lue is stab le even as func tion of ti me af ter set ting the
oil drop on to the leat her sur fa ce. Re ci pe 4 con tains a si li -
ca sol mo di fied with a fluo ri na ted poly si lo xa ne which is
ob vi ously the most ef fec ti ve mo di fi ca tion for rea li za tion
of oleop ho bic pro per ties. This re ci pe 4 is pro bably use ful
to reach a per ma nent oil re pel lent ef fect on leat her which
could lead to stain re pel lent ap pli ca tions. 

Com pa red to the wa ter re pel lent pro per ties, the oil re -
pel lent pro per ties are strongly inf luen ced by the per for med
abra sion test (Fi gu re 5). The oil re pel lency of the un trea -
ted leat her spe ci men is sig ni fi cantly de crea sed af ter abra -
sion test and af ter two mi nu tes af ter set ting the oil drop is
nearly com ple tely sunk in to the leat her sur fa ce. The ten -
dency of oil to sink in to the leat her sur fa ce is smal ler, if
the leat her sam ple is trea ted with the sol-gel re ci pes be fo -
re the abra sion pro cess. 

The pu re si li ca sol re ci pe 1 leads to the sa me ini tial
con tact an gle of oil. Ho we ver, even af ter 4 mi nu tes this oil
drop is not com ple tely sunk in to the leather sur fa ce. Hen -
ce, it can be sta ted that ob vi ously not the com ple te Si O2
sol coa ting is abra ded from the leat her sur fa ce and the re -
mai ning Si O2 should ha ve a cer tain ef fect on the oil up-ta -
ke ca pa bi lity of the leat her. The re ci pes 2 and 3 con tai ning
the mo di fied si li ca sols lead to slightly hig her con tact an -
gles against oil and con tain al so a slo wer sin king in to the
leat her sur fa ce as a func tion of ti me af ter the drop set ting
(Fi gure 5). The be ha vior af ter ap pli cation of re ci pe 4 is es -
pe cially re mar kab le. For this re ci pe, an ini tial con tact an -
gle of 50° is ob ser ved which is stab le as a func tion of ti -
me. Due to the fact that the SEM ima ges in di ca te for all
leat her sam ples a high amount of abra ded ma te rial by
abra sion test, the re mai ning oil re pel lency of the sol-gel

Fi gu re 5: Con tact an gle of na tu ral oil on to leat her – af ter ap pli ca tion of dif fe rent re ci pes (left ima ge) and af ter abra sion test (right ima ge)
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trea ted leat her is sur pri sing, be cau se it should be as su med
that to get her with the abra ded leat her al so the sol-gel 
coa ting is re mo ved du ring the abra sion test. The still pre -
sent oil re pel lency may be explai ned by the fact that the
abra sion af fects mainly the leat her to po graphy but not the
po res in the leat her sur fa ce. The in ner sur fa ce of the po res
is ob vi ously not abra ded and the remai ning sol-gel 
coa ting on the in ner sur fa ces is ab le to lead to a cer tain oil
re pel lent ef fect. 

Be cau se of the strong dif fe ren ce of wa ter and oil re -
pel lent pro per ties, it can be conc lu ded that the oil re pel -
lency could be re la ted to the pro per ties of the in ner sur -
face of the po res. Pro bably the sin king of oil in to the 
leat her ma te rial is going through tho se po res. If a sol-gel
ap pli ca tion is ab le to co ver and the re fo re to pro tect al so
the in ner sur fa ce of the leat her po res, a sig ni fi cant oil 
re pel lent ef fect will be in tro du ced on the leat her ma te rial.

4. Conc lu sions

Self crosslin king mo di fied si li ca sols can be used as
coa ting agents on to leat her sub stra tes. It has been ob ser -
ved that the wa ter and es pe cially the oil re pel lency of the
leat her ma te rials can be sig ni fi cantly en han ced. The en -
han ced pro per ties are al so pre sent in weaker form af ter an
abra sion test is per for med on the coa ted sam ples. This re -
mai ning re pel lency to get her with re sults gai ned by SEM
in ve sti ga tions in di ca te that the sol coa ting does not only
ef fect the sur fa ce of the leat her to po graphy but al so the in -
ner surfa ce of the po res pre sent in the leat her ma te rial.
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Povzetek
V {tu di ji po ro~amo o raz li~no mo di fi ci ra nih so lih si li ci je ve ga ok si da, ki bi bi li upo rab ni kot pre vle ke na us nju. So li so
bi li pri prav lje ni s hi dro li zo si li ci je ve ga etok si da v ki slem me di ju in mo di fi ci ra ni s si la ni s fluo ri ni ra ni mi in ne-fluo ri ni -
ra ni mi al kil ni mi sku pi na mi. Za raz li ko od pred hod nih ra zi skav sol-gel po stop ka za za{~ito us nja v pri~ujo~i {tu di ji akri -
la ti ni so bi li upo rab lje ni v kom bi na ci ji s si li ci je vi mi so li. Del ci mo di fi ci ra ne ga si li ci je ve ga ok si da pred vi do ma agre gi ra -
jo ob na no su na pod la go in tvo ri jo pre vle ko na po vr{ini us nja. Prei ska ve z vr sti~nim elek tron skim mi kro sko pom so po -
tr di le, da pre vle ka ne za pol ni por us nje ne pod la ge. Kljub te mu smo opa zi li, da so se vo do- in ol je- od boj ne last no sti
pod la ge iz bolj{ale. Iz bolj{ane last no sti us nja z na ne{eno pre vle ko na os no vi mo di fi ci ra nih si li ci je vih so lov pred stav lja -
jo pri lo`nost za raz voj iz del kov, pri prav lje nih po sol-gel po stop ku, za us nje ne ma te ria le, ki so prisot ni v vsak da njem
`iv lje nju.


