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Abstract: This paper presents an experimental study ontéelisy checking size of titanium dioxide nanodwjls doped
with Ag. Because the titanium dioxide is not tosied can be used as photocatalysts, is used incapplis requiring
human contact both directly and indirectly. Obtainimethod of titanium dioxide, fast hydrothermaltiegl, is at high
pressures and temperatures, and is influenced by faators, including: particle size, concentrat@rpressure applied to
defects in network growth environment. The methodglused to verify the size of nanomaterials offecontrol over the
size, structure and their properties. The experimerere performed in accordance with the methodguai Taguchi §
experimental plan for each experimental conditicaswhe measured five nanocrystals. The values afelradequacy
indicators shows a good correlation between expariad data and those obtained based on mathematications of
models developed.
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1. Introduction requirements. This purpose they must radically gban
their methods of design, development methods and ho
Because of practical applicability, nanomaterialé€chnology manufacturing.
present special properties different from macrdesca  One possibility to increase efficiency and
materials, but with great prospects in terms ofompetitiveness of nanomaterials, is introducinigredic

diversification and increased technical performance design of experiments in the methods of synthesis o
The same time new problems have appearétiinomate”ms-_
theoretical and applied technology related to deskeir On one side, you can use the Response Surface

synthesis processes because each application esqair Method (RSM) and on the other Taguchi robust design

precise series of morphostructural characteristafs Series of special physical properties of titaniumxitie

nanoscale materials. make it attractive for various practical applicatp and
Compared with other antimicrobial agents, TiOSome theoretical considerations also explain thEoitance

attention through good stability offered, but atmrause it and necessity of scientific effort to find wayssynthesize

is environmentally friendly, safe, inexpensive, twoic, this material by one of the most efficient and mode

bioactive, etc. Titanium dioxide has been studiédely in Methods such as hydrothermal method.

recent years and improved in several ways, onelothw

doping with various chemicals (metal ions, metalpther

oxides) aiming at activating radiation extending tte 2. Experimental

visible spectrum, thus allowing efficient activatiof the

material to sunlight. It is difficult to obtain a model similar to theal, so it
Using nanostructured materials in practice imposeas important to analyze a large number of influendmit by

some essential characteristic for efficient use. careful planning of experiments (in order to redtloem)

That nanoparticles can be highly effective ino take account of economic and the duration of the
practice must have a number of characteristic sischigh experiment. If the most important goal of experitaén
purity and uniform chemical composition, size ofresearch is the mathematical modeling of factoilsénce
nanoparticles to register in a uniform distributiemarrow the action x, X,...,Xc the objective function studied y of
and controllable, shape and morphology of nanogastito the system (object, phenomenon, process), by siegif
be identical. the functional dependence:

In practice it is difficult to obtain nanopartislehat If the most important the objective of experiménta
meet these characteristics, so the scientific i@dttention research is the mathematical modeling of action to
is continuous directed at finding new methods aftkgsis influence factors % x,,...,% the objective function studied
that ensures high uniformity as their property. y on system (object, phenomenon, process), by fspegi

The current economic circumstances global matket, the functional dependence:
improve competitiveness, organizations must proviign
quality products at low prices and to meet customer y=f(X1, Xo,.. ., % ) (1)
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Strategy Genichi Taguchi's approach (Figure 1),
based on minimizing parasites factors (factors ise)o
factors by acting on the experimental control hydfing
combinations of their values so that the procesadet the
functional performance and also to be robust factaroise
[11].

We believe that the "performance” represents "aut"
system with one or more "inputs" and when you want
performance evaluation system should be considered
turn as "desired outputs" (the ones we want toeaehiand
"undesirable outputs" (the ones we want to avoid).

The first we refer to as "signals" and the othethas
"noises", by analogy to with the traditional useved
terms in the expression "The Signal / Noise (S"/uged in
electronic or optoelectronic communications sector.

Unlike traditional approaches (traditional) tiegt
these two components separately,
assess the quality of a product or process, athsia
measure of performance with the same name (hggtaki
noise) that simultaneously consider both the remment
and dispersion.

Standard Taguchi matrices prove large enough
satisfy most situations that interfere in the indas
practice.
number of experiments (number of rows of the mattixe
number of factors and interactions (number of calsrof
the matrix) that the number of levels.

Degree of freedom (GDL) of a factor equals the

number of comparisons needed to study its efféelhis,
one should select the smallest matrix to provigedésired
information with the goals of the experiment. Cédte the
total number of degrees of freedom and choose
appropriate standard Taguchi matrix.

To verify that the model adopted is appropriate

approximate the response surface, using ANOVA arft

regression analysis tests for absence of adeqlabfe 1
shows the analysis of variance for this regressiodel.
A suitable regression model to explain the variatd

sample dependent. There are hypothesis tests faielmo

parameters that help measure the effectiveness|nmblue

st requires that the error term (it) to be indeleat and
normally distributed with mean zero and \&@rsion. The
easiest way to see this is to plot the probahilftgormality
for residual values.

TABLE 1. The analysis of variance for this regression model

Degree
Variance sSc:Jl:er(c)sfs of As\aeur:?ee Fo
freedom
Regresion SS q M
Error / residual
values S& N-q-1 MS
Sum S$ N-1 MS
where N is the number of observations and q isnimmber of

independent variables.

If residual values represented graphically appreach

G. Taguchi used drajght line, the idea of normality can be accep@iven

that the error term is the difference between oleskr
values and those obtained by modelling (relationvBgre
the normality assumption to assume that the valyesre

independent and normally distributed.
to

&=y -y, (2)

Taguchi matrix symbology standard is the

For the synthesis of Tinanocrystals doped with Ag
by Fast hydrothermal method (FH), was applied Thguc
robust design method using an experimental plan9L
experiments), who studied the effect of four fastat three

levels, variable output quality characteristic ofOT
nanocrystals (nano size) and the input variablestaken
ﬂiwréto account four factors: dopant concentratiomatian of
autoclaving, temperature autoclave and microwaweepo
Hydrothermal method of crystal growth, mono or
lycrystalline (the structure) and macro-, micro-o
nanocrystalline (in size) is already old and vebkra
tradition. Many valuable methods and techniquesewer
developed over the years for single crystal and
polycrystalline growth of the various types of duato
sapphire and ruby from protected to piezoelectiatemials.

to

Factors — noise

. A X

\‘// Y
Control factors — —_ Response
(x) I Process (Xe)
—_—
. < “a
Improvement ratio signal / noise
Effects |:| |:| Apparent futility of eliminating the causes

Interested only in effects

Figure 1. G. Taguchi's strategy to minimize theaetdactor - noise
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In recent years, a great impetus to the study takes After autoclaving, the obtained material was fiter
submicron-sized crystalline materials, so-calle@nd washed with distiled water in order to remove
nanocrystals (1-100) nm. Small size, adding nevp@riies secondary reaction compounds. Verification of Agsio
nanodimensional crystalline substance in relationthe presence into washing solution has been done hygusi
macroscopic, are indispensable elements of theseriada calcium chloride. It has not been observed any AgCl
in physical and chemical catalysts, photovoltailscéuel precipitate, meaning that all Ag quantity has been
cells, etc. consumed in reaction. The conclusion drawn fronsehe

In general, hydrothermal synthesis of nanocrystalli results is that structure and crystalline form af doped
materials is the introduction of a closed contairesistant TiO, nanoparticles sytnhesized through MF are, in first
to temperature and pressure (called an autoclavi@stance, influenced by dopant quantity and thermal
precursors and their heating, temperature and ymessitil  treatment.
heating leads to crystallization of substancesaiut®n. In table 3 are presented the average dimensions of
Judicious control of temperature, pressure, procesgnoparticles, calculated with Scherrer equati@hagion
duration, the degree of filing of the autoclavdhet 3).
precursor concentration, will produce nanocrystaith D= KeA (3)
desired sizes and types of crystallization [1]. - B+ cost

Obtaining the TiQ is usually done in small type \ynere:

Morey autoclaves provided with Teflon coating, _ \ave length of X radiation (= 0.15406 nm), K —

Hydrothermal synthesis of Ti(particles is usually done at gcherrer constant (K = 0.89), — diffraction angle —

temperatures below 280 and pressures below 100 kbarryiqih at half height for different peaks from diftogram.

These physical parameters that make using simplgemo

autoclaves provided with a teflon coating [10]. TABLE 3. Average dimensions of Ag doped TiO2 nanoparticles
Hydrothermal synthesis of TiO nanocristalitelor  synthesized through MF

generally starts from amorphous gels in the presesfc

pure distilled water or various mineralized as loyitites, Material type Nanoparticles dimension (nm
chlorides and fluorides of alkali metals at diffierepH Plen (15-150) 4,85
values.[8] As precursors to titanium alkoxide canused PS5 (15-200) 503

both compounds [9] and non alkoxide [12] in hydesthal
synthesis of Ti@ in acidic or alkaline depending on the
desired morphostructural characteristics [6]. Hytdeomal
method was used to obtain TiQayers deposited on
different surfaces of Ti and its alloys [5, 11, .17]

Into a beaker were added titanium izopropoxid deubl
distilled water and stirring continuously. Silvetrate was

The results obtained allowed to conclude that the
structure and crystalline forms of TiOnanocrystals
synthesized by hydrothermal method are influencethb
amount of fast dopant, and heat treatment.

added as a doping solution, the pH adjustmentbeilione 3. Results and Discussion
with nitric acid solution Heat treatment was penfied in ) )
thermostatic bath filled with silicone oil. Be ndteéhat Performance of the experiments to check the size

before the introduction of the oil bath thermogwtt Stability of Ag-doped Ti@ nanocrystals in the fast

autoclave, it was previously heated to processirgydrothermal synthesis, to apply Taguchi methdu t

temperature. objective being to determine the optimal comboratof
Preliminary experiments were performed, samplef@ctors in order to achieve a target of 5 nm witblerance

synthesized Ag doped TiOand control factors are Of £0,2nmsize nanocrystals
presented in Table 2. We chose a standard Taguchiratrix (4 factors at 3

levels each). Table 4 presents levels of factord an
measurement results for the 9 experiments. Note ftra
each experimental condition were measured every 5
nanocrystals.

The theory analyzes the main effects of factorshen

TABLE 2. Parameters of synthesis of Ag-doped TiO, samples,
synthesized by fast hydrothermal method

Ag Time Autoclaving . . . .
Sample concentratior] autoclaving| temperature size of nanoparticles. Table 5 ShOW.S .the eSF'mma‘h

[%] [min.] [°c] effects of factors, each standard deviation whicasares
Pl (15-150) 2 15 150 the effect of sampling error. Standard deviatiobased on
P2 (30-150) 2 30 a total error of 4 degrees of freedom, for a peifec
P+ (15-200) 2 15 200 orthogonal plan, all individual values of the farst
P4 (30-200) 2 30 ; ) .
P (15-150) 3 15 (V.LF.) is to 1, and Figure 2 shows the effects in
PG, (30-150) 3 30 150 descending order, the vertical line determines ifects
P74 (15-200) 3 15 200 are significant in terms statistically (Standardiz@areto
P&+ (30-200) 3 30 Diagram for factor effect).
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TABLE 4. Factor levels and experimental results under standard Taguchi Lg matrix

Exp. Concentation Time ) Autoclaving Microwave Dimension
dopant autoclaving temperature oven power
% min. °C w nm
1 2 15 150 800 4.82
2 2 30 200 1000 4.9
3 2 45 250 1200 5.13
4 3 15 200 1200 5.01
5 3 30 250 800 4.88
6 3 45 150 1000 4.81
7 4 15 250 1000 5.02
8 4 30 150 1200 5.04
9 4 45 200 800 5.04
TABLE 5. Estimated effects of nanoparticle size
Effect Estimate Standard deviation V.L.F
Media 4.96111 0.0301795
A: Concentration dopant 0.0833333 0.0739244 1.0
B: Time autoclaving 0.0433333 0.0739244 1.0
C: Autoclaving temperature 0.12 0.0739244 1.0
D: Microwave power 0.146667 0.0739244 1.0
Standardized Pareto chart for size
“Mi 1+
D: Microwave power e -
C: Autoclaving Temp.
A:Congentation dopant)
B: Time autoclaving
0 0.4 0.8 1.2 1.6 2
Standardized effect
Figure 2. Chart Pareto of standardized effect fiztors
TABLE 6. Table ANOVA (plan experiences L)
Source Sum of squares  Gd Average squafe Report] Values
F p
A: Concentration dopant 0.0104167 1 0.0104167 1.27 0.3227
B: Time autoclaving 0.00281667 1 0.00281667 0.34 589R
C: Autoclaving temperature 0.0216 1] 0.0216 2.64 0.1799
D: Microwave power 0.0322667 1 0.0322667 3.94 0.1183
Total error 0.0327889 4 0.00819722
Total (correction) 0.0998889 8

In Table 6 presents the ANOVA table that contalres t indicating that they are significantly differentofn zero;
values "p" can be used to test the statisticalifsigmce of have 80% significance level, with the possibilityf o
each effect. ANOVA table partitions the variability size correlations at a significance level of 20%. Resuiticate
of nanoparticles in separate components for edebtefBe that the factor model explains 67.1746% of the akility
tested statistical significance of each effect bynparing associated with size. The standard error of themat®
the mean square error of approximation of expertedem  shows that the standard deviation of residualsi8@b385.

this case two effects have values of "p" less tfah
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In relation (4) is presented regression equatinrthe For maintenance of response (nanoparticle sizéy to
order | model associated to experiences plgnabd the nm, table 8 presents the optimized combinationacfdrs
values of variables are specified in the originatsu levels. The calculated values presented in theetalk

those for optimal condition. It can be observedt ttiee
SIZ8 popartc 1es|NM] = 4.18611+ 0.41667 [ Concentrat ion,,., [%]|  levels of factors at optimum condition are consisteith
+0.00144444TIM€ 4y 0iaing [o(ﬂ?:sopr;segrt:sdei:t :&/erage effects and interaatiofastors
viously .

+ 0.000366667CPONEY oqr W] Figures 3 to 14 are estimated response surfaces,
. (4) . . contours of estimated response surface size nastatsy
Table 7 presents informations on the size Ofepending on factors. Note that the surface heiglihe
nanoparticles generated on the order | model a8®ICl0 {4 0cast for the size of nanoparticles on a spaterchined

experiences plan o measured values, their predicted,y g factors, the remaining two factors are maifred at
values based on the model predicted values foageeaind . average values.

their limits with a probability of 95% (significatn of 5%).

[min]+ 0.0012(Temperatur e,

utoclavin g

TABLE 7. The size of nanoparticles generated on the order | model associated to experiences plan Lg

Lower limits Upper limit
Values ' enviror_lments enviror_lments
No. measured Values predicted predicted predicted
P=95% P=95%
1 4.82 4.76444 4.54275 4.98614
2 4.9 4.91944 4.78696 5.05193
3 5.13 5.07444 4.85275 5.29614
4 5.01 5.01278 4.84519 5.18036
5 4.88 4.94778 4.78019 5.11536
6 4.81 4.92278 4.75519 5.09036
7 5.02 5.04111 4.8446 5.23762
8 5.04 5.01611 4.8196 5.21262
9 5.04 4.95111 4.7546 5.14762
TABLE 8. Optimized combination of factorslevels plan Ly
Factors Min Max Optimum Optimal value
Concentration dopant 2.0 4.0 2.96591
Time autoclaving 15.0 45.0 30.0915 5
Auticlaving temperature 150.0 250.0 212.838
Microwave power 800.0 1200.0 1067.56

Estimated response surface
Temp autoclaving=200.0, Microwave oven power=1000.0
Size
R
4912
N 4924
4936
o 4948
o i 4.96
4972
4.984
o 499
2530 5.008
2 24 28 32 3¢ p 1T520 _— = 5.02
onseniratibadonait ime autoclaving 5.032

Figure 3. Estimated response surface (concentrdtipant — time autoclaving)
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Contours of estimated response surface
Temp autoclaving=200.0_Microwaye oven power=1000.0

=
o

[ %] [ 98]
] o
[T T[T T[T T[T T[T I TTTT]

%]
4]

Time autoclaving

%]
]

=
o

Concentration dopant

Size
— 49
— 4912
— 4924
— 4 936
— 4 948
— 4 .96
— 4 972
— 4 984

4 996
— 5008
— 502
— 5032

Figure 4. Contours of estimated response surfameéntration dopant — time autoclaving)

Estimated response surface

Time autoclaving = 30.0, Microwave oven power= 1000.0

51 1
Size 5.05 1
5
405 1
49 ]
485 30
48 92102302
2 170'°
24 28 32 a5 4 150
Concentration dopant Autoclaving tawmp,

Size
. i
. 4912
4074
B 4936
N 4948
495
1972

4984
4,096
5.008
502
. 5032

Figure 5. Estimated response surface (concentrdtipant — autoclaving temperature)

Countours of estimated response surface

Time autoclaving = 30.0, Microwave oven power= 1000.0

ziu T T T T T T :

230

Autoclaving tm21ﬂ

190
170 :
15 ks . . . : e
2 24 28 12 36 4
Concentration dopant

Size
— 49
— 4
— 494
— 49%
— 48
— 49
— 4972
— 493

4996
— 5.008
— 502
— 5032

Figure 6. Contours of estimated response surfameéntration dopant — autoclaving temperature)
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Estimated response surface
Time auvtoclaving = 30 0, Autoclaving temperature = 200.0
Size

KL
. 4012
; o1 I 4924
Size 505 B 4036
5 N 4048

Il 40
4% 4972
45 w4984
44358 1006"001200 —i
: 5008

2 24 28 33 30 200200 -0
i ) 4 Microwave power gy 537

Concentration dopant

Figure 7. Estimated response surface (concentrdtipant — microwave oven power)

Countours of estimated response surface

Time autoclaving = 30.0, Autoclaving temperature = 200.0

1200 F ! ' T T 3 Size
L { — 49

. 1 — 4012

il 3 1 — o

Microwavepowar [ 1 — 493

1000 3 = :_g;s

E q — 494

g 4 — 5008

800 Eu : \ . ] — 5w

2 24 28 32 36 4 T 303

Concentration dopant

Figure 8. Contours of estimated response surfaweéntration dopant — microwave oven power)

Estimated response surface

Concentration dopant = 3.0, Microwave oven power = 1000.0
Size

| R

. 4012

B 1974

e 4936

. 4948

Il 496

. 4972
4984

30 4996

3 :
52102 W 5008
Time autoclaving Autoclaving temp,

Size

20

Figure 9. Estimated response surface (time autingaautoclaving temperature)
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Countours of estimated response surface

Concentration dopant = 3.0, Microwave oven power = 1000.0

250 - ¥ L] L ¥ L] l__| SIZC
: \ 1 —
250 4 — 4912
Autoclavingtemp | ] — 4044
210 - [ 1 — 493
- {1 — 4948
C i1 — 4%
Ly 1 — som2
C 1 — 4984
17 - . 4996
L {4 — 5.008
150 = : f - : : . ] — 502
15 2 2 3 % 1 s — o
Time autocaving

Figure 10. Contours of estimated response surfane utoclaving — autoclaving temperaﬁjre

Estimated response surface
Concentration dopant = 3.0, Autoclaving temperature = 200.0

Size

o
i 1012
61 4924
Size 505 000 4 B 4936
5 - 408

: I 496
45; - 1972
) 4084
485 1100120& 4906
48 Qﬂﬂmm B 5.008

135 20
; Microwave power g 5032
Time autoclaving

Figure 11. Estimated response surface (time awioga- microwave oven power)

Countours of estimated response surface
Concentration dopant = 3.0, Autoclaving temperature = 200.0
1200 -_r T T T T I_- 313'3
. {4 — 41
C ]l — 4912
100 1 — 4954
Microwavepower [ 1 — 4936
i 1 — 4948
1000 [ 1 — 406
[ 1 — 4972
- 1 — 4884
o r 1 4 096
- 4 — 5.008
so0 £ ] — 502
Time autoclaving

Figure 12. Contours of estimated response surfane autoclaving — microwave oven power)
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Estimated response surface
Concentration dopant = 3.0, Time autoclaving = 30.0

Size

Y
I 4912
51 B 4924
3k 4936
Szt ; | 4,048
B 496

=4

e -4
B 1984
43¢ __ 106200 4096
LEg g[g'{m 5.008
RO 10 a0 gz o 800 -5 (
Autoclaving temperature ‘ Mittontsc powe. (S50

Figure 13. Estimated response surface (autocldeimgerature — microwave oven power)

Countours of estimated response surface
Concentration dopant = 3.0, Time autoclaving = 30.0

1200 [T Size
L — 49
. — 4912
100 - 4924
Microwavepower — 10%
L — 1948

1000 - — 05
C — 4872
— 4884

o900

r 4906
— 5008

) S R SR 0. . S . A a0
150 170 190 210 230 250 — o082

Autociaving temperature

Figure 14. Contours of estimated response su@aa®claving temperature — microwave power)

4. Conclusions this fell substantially which resulted to a redantiof
production costs and dispersion dimensional nanemadd

To obtain Ag doped Ti® nanocrystals under fast of desired quality, to reduce the amount of symthet
hydrothermal synthesis method was applied through tsubstance used and thus reduce energy consumptiio i
plan of experiments Taguchi gL obtaining a linear requirements and_ international standards of priotectnd
regression equation between the output variabltural conservation.

(nanoparticle size) and factors, and model-order
experiences associated plan 67.1746% of the vétyaini
explaining ly nanoparticle size (Table 4)

If you want an accurate modelling of the system (4. Diamond W.J., Practical Experiment Designs —etitiie Learning
factors at 3 levels) will have to take into accodhé Publications, Belmont, CA, USA981
interactions between factors, but if we only achietie g: gﬁgzvee'rMéfCé?j‘#‘fzoiéiel'f'égySf?ﬁ% dl?_z]él?’,\;?\,;afg"’émrchl
target value for the size of nanoparticles whestfarder 44 17 2006 3274-3280.
model can be considered satisfactory. 4. Ha P.S., Youn H.J., Jung H.S., Hong K.S., Paii.Yand Ko K.H.,

By programming scientific laboratory experimentsJournal of Colloid and Interface Science, 223, 1,200Q 16 — 20.
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