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Synthesis of Reduced TiO, Nanoparticles for
the Degradation of Organic Dyes
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Color and Polymer Research Center (CPRC), Amirkabir University of Technology, Tehran, Iran

This study investigates methods to enhance the photocatalytic performance of titanium

dioxide (TiO:), aiming to overcome its inherent limitations such as a wide bandgap and rapid
electron-hole recombination. TiO2 nanoparticles were synthesized using the sol-gel method, and their anatase phase
was confirmed by X-ray diffraction (XRD) analysis. To improve visible light absorption, TiO. was chemically
reduced with sodium borohydride under an argon atmosphere. The results showed that the reduced TiO: exhibited a
crystallinity of 71.7% and an increased specific surface area of 75 m*g. Additionally, the energy bandgap of the
reduced sample decreased to 2.3 eV compared to 3.2 eV for pure TiO-, indicating enhanced absorption in the
visible spectrum. Photocatalytic activity was evaluated through the degradation of methylene blue, where the
reduced TiO: achieved a degradation efficiency of 63%. These improvements are attributed to structural and
chemical modifications, including increased oxygen vacancies and the formation of Ti** ions, which extend the
absorption range into the visible region and improve charge carrier separation, thereby enhancing photocatalytic

performance.
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1- Band gap

2- Valence band

3- Conduction band
4- Anatase

5- Rutile

6- Brookite

o000

)MM’

o

5

951 sole

Sl g0

i

3
o\
%

(VE-X-F) £V cpss ot

YvYs



—

&3

sale

552

Sl 5o

s

3
%

(VE-Y-X) £V cpss slagid

Yvy

Cod Aydboye mdw (olewd ool lawg sddlsl S|
B 558 Colleb 55 bl 1 25 00 Al (1651 el
2yS o B s 9 il 2y90 08 jie sladiges

28 oA =Y

P9y 4 ST (65 ol GIpd 9l ad V-
Ji-dw

LSy nonl 155 poslis yud o W/O i (B cnl 5
(LWl Spe OFF—FA-A 250 o les) (TTIP, Ti(OC,H.),)
VFY=AY=0 4> 50 0,les) (n-Heptan, C_H,,) yiJ o 0+ &
b lize 3em gy el ¥ e 4 g b a3Lsl (] S yo
e 0)lad)H,0)oj355 F i) (oo ¥ s i bgloe
e &y oS 5 opl b a8LS] Jolowe s gy 4 (YYYY=VA-0
slod 35 Joloee doldl jo .aib audhaSS 561 slod o sl VY
0 Jols g 8 S gl o el VWY s 4 Ve °C
S T B Cot el oy 055 (9,0 YVO °C (sled
LYYV Jss) ce )5

2w S 43 ST (63 pawiliss 1,393 Ll -Y-Y

(Ar) 95,1 youmeil g (NaBH,) &y yaag 552
655 ehond 008 Lol G Sl s a4 0959w

1 Ok by Jub slaais Wy LUl sl e
5 (TH0,) 3T (03 pssilis g J sl 0js cnll )

BEBE

osals & g o |y piw pl 4Bl da0 2, Slos LS 4y 155
S oals s (g)9 oadad g sla)l yie Jlaml 5 (g5l B
5 9 Ojgrke Wy odlo opl adbEgs aop)l8 Koo
9o g & o )3 [VP] sl o (alendy xSUlsigh
dST (93 poslis JBg5 slaoyS b plosl [YV] (e
Loolyen Y slod 13 (oulijgyien )b I Jodeia oaile]
WP 25 S @l Gk Wb i Tl bl sl
@S 2l 93 a5 39 Colo 53 Jgo9,800 YV bl 05g)0e0
oS 5l S0 S o als snilal 1T (63 paslis
65 oS Lol wrila] 18] (65 poslis wge el g
o) s 3 00 155 (sl 07Ul Laasg 1S oy a5 sl S|
63 poslis Wb (YA o)) S 9 T KSlg [YA] 595 oo plsl ool
B 358 lgisa |, Jselsta (el il b oiils] apus]
e yg 0 (g3l dend 8 (Il Cod a1 (03 ()5 Ll el
lapkd ol 0> )3 exliwl )90 Ol jean )3 g 3BT slod po
oL 21 (93 ()5 B 598 Lol )3 VLl 2B
Sl Mg Gbagp L) ol 5 (2)S dSgige A5 9 0D
Joere ST (65 paslis 4 Cuns VY 5 V1O pmol.geat™h™!
ol waily 1+/438 4 +/YA pmol.geat™ h™ glag s a5

63l
3 posilis Cdgl Jol pa5 55 298 e (o GhgRy ol )
b g bl > g exd s i gy g dpeS]
> Pl ad 4 wdlo ol (gly oad S5 slacydgioe

BT 381 (05 pasilis ang Uslye oY IS5

Figurel. Stages of Synthesis of Anatase Titanium Dioxide.
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Figure2. Reduction Process of TiO, by NaBH, and Argon Gas.
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2- Amine encircling process
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Figure3. Overview of the Procedure for Measuring Photocatalytic

Activity[36].
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7- Methylene Blue
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1- X-Ray Diffraction

2- Joint Committee on Powder Diffraction Standards
3- Diffuse Reflectance Spectroscopy

4- Photoluminescence spectrophotometer

5- Adsorption/desorption porosimetry

6- Brunauer—-Emmett—Teller
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Figure4. X-ray Diffraction Patterns of Samples.
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Tablel. Values Related to Crystallinity Percentage and Crystallite Size of Samples.

Average crystal size(nm) Crystallinity. Sample
9.6 TiO,
8 TiO, (NaBH, + Ar)

1- Scherrer equation
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Table2. Specific Surface Area, Total Pore Volume, and Average Pore Diameter of Samples.

Total pore volume SBET Sample
((cm’)/gr) (m*/gr)

0.18 63 TiO,
0.25 75 TiO, (NaBH, + Ar)
150 —— - = o— TiQ, , (NaBH, + As)
" ; 14 \ :
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FigureS. Adsorption and Desorption Isotherms of Various Samples.
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Table3. Energy Band Gap of TiO, and Reduced Samples.

Band gap (ev) Sample
3.2 TiO,
2.3 TiO, (NaBH, + Ar)

Ansorbancs (AL}
[

Band energy ()

Aadges TAUC log03 () § (ol i (i) oo TV S
Figure6. (a) Absorption Spectrum and (b) Tauc Plot of the

Samples.
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1- Mesoporous
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Table4. Percentage Degradation of Methylene Blue.

MB degradation(%) Sample
29 TiO,
63 TiO, (NaBH, + Ar)
1.2 oy
1.0 L\_\-\_\"‘l—\__\_ -
N
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04 A
02
0.0

60 -40 20 0 20 40 60 80 100 120
Time(min)
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Figure8. Photocatalytic Degradation of Methylene Blue.
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Table5. Rate Constant (k) of Photocatalytic Degradation Reaction

for the Samples.

R? k, min™ Sample
0.97569 0.00295 TiO,
0.96352 0.00829 | TiO, (NaBH,+ Ar)
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