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ABSTRACT

The primary aim of this study isto explore the property of Ag/TiO, complex
sol. Ag/TiO, complex sols are prepared at different pH values. The results
show that the reaction of Ag and Ti(OH), is not suitable for the generation
of Ti-O-Ag under alkaline conditions. Dried complex sols formed under
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acid conditions have asmaller particle size, whereas dried gelsformed un-
der alkaline conditions present alaminated structure. With increasing con-
centration of AgQNO,, specific surface areaand pore volume of the dried gel
arelarger, but the orifices become smaller. Inthe case of excessAgNO,, for
example4-10dried gel, thereisareverse effect on particle size.
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INTRODUCTION

The gel method isachemical method inwhicha
metal or semi-metal alkoxysilaneissubjected to hy-
drolysisand polycondensation. In thistechnology, an
inorganic precursor isused with acid-base catal yststo
generatereticular compounds. Thistechnology makes
it possiblefor processing at low temperatures, and or-
ganic materialscan beincorporated into theinorganic
phase without decomposition. Thismethod allowsthe
preparation of many products, such as powder, gel,
dried gdl, fiber and coatings®2. Thegel method dlows
the meta oxideof functional groupsto be coated onto
variousmateriass, serving the purpose of surfacemodi-
fication®1%; for example: glass™, metal™ or organic
high polymerg131€,

Once made use of asol-gel method to make com-
pound photo-catalyst in the past research paper, by

withamplification TiO, it stired up awave-length™27,
but for applied compound sol in fabrics of thedying
and finishing of research not much, so thisresearch
will synthesi ze various compound sol and makeinto
dry gel and discuss amaking the conditionisto the
related property of the sol or thedry gel, withisused
as the reference that the follow-up appliance pro-
CESSes.

EXPERIMENTAL

Materials

Titanium n-butoxide (99%, TTB); ethyl alcohoal,
acetic acid, nitricacid, sodium hydroxide, hydrochloric
acid, were purchased from Shimahisashi Pharmaceuti-
cal; ethyl acetoacetate (EAC) was purchased from
NIHON SHIYAKU INDUSTRIES,; silver nitratewas
purchased from Wako Pure Chemical Inc. Ltd..
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METHODS

Preparation of complex sol

Withvigorousstirring 10ml of butyl titanate (TTB)
was added to 30ml of absolute ethyl acohol, and then
2ml of acetic acid and 0.2ml of acetylacetone were
added. After irringfor 30 minutes, auniformandtrans-
parent solutionwasobtained (solutionA). Didtilled water
(1ml) was s owly added to 15ml of ethyl acohol, and
0.1ml of 1M nitric acid wasadded dowly, thenthemix-
turewas stirred for 30 minutesto obtain solution B. By
addingsolution B dowlyinto solutionA, it waspossble
to obtain auniform and transparent yellowish sol. After
stirringfor 1 hour, 40ml of distilled water wasadded to
produceawhitesol. At different pH values (2~10), the
TiO, sol at the concentration specified abovewas added
toasolution of AgNQ,, thusforming areaction system.
Stirring was continued for 3 hoursto obtain theAg/
TiO,complex sol. Next, anAg/TiO, dried complex sol
was prepared by drying the sol for 2 hours at 80°C,
thenthedry gel werewash with distilled water until to
neutrelize.

Analysisand measur ement

Fourier transforminfrared spectroscopy in the at-
tenuated total reflection mode (FT-IR/ATR) spectra
of thedried gel swasrecorded withaBio-Rad Digilab
FTS-200 spectrometer usingan MCT detector. A dia-
mond crystal was used astheinternal reflectanceele-
ment. Single-beam spectraweretheresult of 64 scans.
The spectra resolution was4 cnrt. The surface mor-
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Figurel: FT-IRof Ag/TiO,dry gel
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phologies of the films were observed with a JEOL
model JSM 6400 scanning el ectron microscope. A
gold coating was deposited onto the samplesto avoid
charging thesurface. Thedistributionsof al atomsof
theAg/TiO, dried gelswere analyzed by energy-dis-
persive X-ray spectroscopy (EDS; model EDSEM,
JEOL, Tokyo, Japan). A Bruker-AXS D8 was used
for X-ray powder diffraction (parallel beam optics,
Cu-target, scintillation counter, sampler changer with
rotation). The sampleswererun with40kV, 100mA,
5-60°6/26, 0.01° stepsize and 5 sec counting time.
The surfaceareaand porevolumeof thedried samples
weredetermined through nitrogen physi sorption analy-
sis, using aQuantachromeAutosorb-1 system. The
five-point BET cal culation was used to determinethe
surface area.

RESULTSAND DISCUSSION

FT-IR

To analyzethe property of varioussols, Ag/TiO,
dried complex sol was prepared by drying the ol for 2
hoursat 80°C. Figure 1 depicts FT-IR spectraof Ag/
TiO, dried complex solsprepared at different pH val-
ues. Among dried gels of 1380cm* and 1625 cm?,
absorption peaks of Ti-O-Ti and >C = O groups are
clear, of which>C = Oisrepresented by the>C =0
absorption peak of a compound of Ag and ethyl
acetylacetone. Infigure 1a-D, thereisobvioudyaC =
C absorption peak at 1540cm?. It can thusbe proved
that, although AgNO, islikely to form AgOH under
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dkalineconditions, itisunlikely toreact with Ti (OH),
to generate Ti-O-Ag after polycondensation. Thiscan
be deduced from an obvious O-H absorption peak at
3442cm. But, no obviousdifferenceexistsinfigure
1b-A to 1b-C.

SEM and EDS

Asillustrated infigure 2, the particlesizes of dried
complex solsincreasewithincreasingpH, and TiO, is
made available at thewhite section. Theparticlesare
dightly bigger, sincesiver nitratereadily formssilver
hydroxide under akaline conditions, whichiseasily
adhered to the surface of TiO,. Secondly, the appear-
anceof thedried gdl differsalittle, duetodifferent con-
TABLE 1: Varioussignsof complex solsaredefined below
Concentration of

Sign Definition AGNOs (g/ml)
41 Comlggl\?&p;ﬁ'vﬁ th 5.7x10°
43 Co:;?rﬁ)llz(,z:l\?roipgﬁvf th 1.71x10*
a6 ORI Z‘g ,\?roespggﬂl"f th 3.42x10*
o I SFEID g
oo SIS EIENY
oo IO SIS
10- Complex sol prepared with 5.7%10*
10  10ml of AgNOsat pH 10
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centrations of silver nitrate. Asillustrated infigure 2,
when the concentration of silver nitratebecomeshigher,
thedIver componentinthedried gel increases(theblack
part) with adecreasing amount of TiO, (thewhitespot).
By comparing the acid-base of 2-c and 2-d, acid Ti
(OR), iseasily bonded withAg in the compound, thus
forming Ti-O-Ag of smaler particles. Conversdly, al-
kali AgOH presentsalaminated structureduetolarger
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Figure3: EDSof Ag/TiO,dry gel. (a): 4-10, (b): 6-10

Figure2: SEM of vary Ag/TiO, complex dry gel. a): 4-1, b): 4-6, c): 4-10, d): 6-10, €): 10-10

——— 3 OCHEMICAL TECHNOLOGY
Au Tudian Yournal



4 A study on the preparation and application of Ag/TiO, complex sol

CTAIJ, 5(1) June 2010

Full Paper =
TABLE 2: EDSof Ag/TiO,dry gel

Property

Elements Weight (%) Atomic (%)

at b c d a b c d
(0] 78.04 8175 84.01 87.30 92.07 9337 94.18 9542
Ti 1865 16.71 1520 1243 735 637 569 454
Ag 331 154 079 027 058 026 013 0.04

Total  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

a: 4-10, b: 6-10, c: 8-10, d:10-10

TABLE 3: Specificsurfacearea, poresizeand porevolumeof
Ag/TiO,dry gel

ecificsurface Poresize Porevolume
Samples Spar ea (m?/q) (nm) (cm?/g)
4-3 234.8926 3.4591 0.148446
4-6 263.5813 3.2292 0.188117
4-10 186.9373 2.7699 0.081909
10-10 79.1247 8.7123 0.079545

particlesand thedifficulty of bondingwith Ti (OH),. In
addition, EDSandytica datafor theAg/TiO, dried com-
plex sol areshowninfigure3and TABLE 1. It canbe
seenthat rel ative content (%, w/w) of Aginthedried
gel will declinewiththeincreasngpH vaue.

X-ray analysis

Figure4 depictsthe X -ray andysisof thedried gels.
Thereisan obviousAg atom absorption peak inthe
caseof 20 at 28°, 32° and 42°. When AgNOQ, is added
with atenfold difference, the absorption peak differs
significantly, asshowninfigure4-a, and 4-c. It canbe
seen that the concentration of silver nitratewill affect
the content inthe dried complex sol, but not the crystal
structure. The acid-base conditions have no influence
onthecrystal structure of thedried gdl.

B.E.T.

Asgivenin TABLE 3, any changeof silver nitrate
content will haveaninfluenceontheparticlesizeof the
driedgdl. Withincreasing concentrationsof AgNO,, the
surface areaand the pore volume of thedried gel be-
comelarger, dongwith smaller particles. Inthe case of
excessiveamount of AgNO,, for example, 4-10dried
gd, thereisareverseeffect on particlesize. Thisisbe-
cause many Ti-O-Ag moleculesaremixed together, and
theapertureof dried Ti-O-Agislikely depressedintoa
flat sructure. Inandkainedate, thedepositsof AQOH
likely yield moreopportunitiesfor condensation, or even
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Figure4: X-ray of Ag/TiO,complexdry gel. a): 4-1, b): 4-6,
©): 4-10, d): 10-10
crack upondrying; thus, it presentsthelargest aperture
but thesmallest specific surfaceareaand orifice volume.

C.P.S.

CONCLUSIONS

Thisstudy hasprepared Ag/TiO, complex sol a dif-
ferent pH va ues. The objectivewasto explorethe prop-
erty of dried complex sol. Thefollowing conclusonsare
drawnfrom thetest results. (1) Dried complex solspre-
pared under acid conditions have smaller particles,
whereasthose prepared under dkaine conditionspresent
alaminated structure. Therdativewe ght percentage of
Aginthedried gd decreaseswithincreaseof pH vaue.
(2) The concentration of AQNO, hasaninfluence upon
theweight percentage of dried complex solsbut not on
thecrysta structure. Meanwhile, acid-base conditions
havenoinfluenceuponthecrystd structureof thedried
od. (3) Inthecase of increasing concentration of AGNQO.,
specific surface areaand the pore volumeof thedried
gel wasincreased, but the orificesizebecomessmaller.
Inthe caseof an excessiveamount of AgQNO,, thereisa
reverseeffect on particlesize. Under dkalineconditions,
thedried gd presentsthelargest aperturebut thesmall-
est specific surfaceareaand orificevolume,
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