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Studying some structural and optical properties
of Fe-doped Titanium Oxide nano powder

Dr. Ahmad Khadro, Dr. Tareq Zaarouri , Rafif Kanjrawi.

Abstract

Several samples of pure and Fe doped TiO, for x = 10% have

been prepared using Ball milling method for different rotating speeds
which are 250rpm for the pure Ti0,, and (250,300,350,400)rpm for
the ratio x = 10%. for mixing period of 5hr each. It is showed that those
compounds crystallized in a tetragonal structure in the preparation
conditions above.. SEM images of titanium oxide samples showed
clearly, homogeneous, well crystallized nano particles formation with a
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less than 100nm size, witch accord with XRD spectrum. The structural
properties of the studied compound prepared by ball milling method as a
function of the speed of rotation differ because of the effect of Fe3*
cations as showed by XRD spectrum. We can see that the crystalline size
decrease by inserting Iron ions into the Titanium Oxide structure because
of the small ion radius compared with Titanium lons radius Fe3*t =
0.64A « Ti** = 0.684, and then the crystalline size increase again while
rotation speed increase. Vis — UV spectrum showed that the energy gap
value for the pure titanium oxide prepared at a rotation speed of 250rpm
is at ultraviolet ray (3.18el/) and it decrease with Iron doping to reach the
visible light (2.95eV) at the same rotation speed above. The energy gab
value continue of decreasing to reach the value (2.499eV) for the Iron

doped sample prepared at 400rpm rotation speed.

Keywords: Titanium Oxide, Ball milling grinding, nano compounds,
optical catalysts.
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Auid) Slasledlly Symadd) sl (g Liie JS) Bysaall asdll I Jylaadl (s

lgs dualdl) gl cilagbaally Spdanal) cilisl) (e Al (S Biaaall acdl) :(2) Jglaad)

250rpm gl 48 s 2 (Al o gailil) das)

D 2Theta I(rel) | I(@bs) | FWHM | h Kk |
3.516740 | 25.3051 | 100.00 | 1056 | 0.1200 | A(101)
2.432455 | 27.4383 | 21.93 232 | 0.0800 [ R(110)
2.379274 | 36.9240 | 19.30 204 | 0.0200 | A(103)
2.333727 | 37.7802 | 28.88 305 | 0.1400 | A(004)
1.893597 | 38.5464 | 22.03 233 | 0.0400 | A(112)
1.701379 | 48.0069 | 34.07 360 | 0.1200 | A(200)
1.667346 | 53.8405 | 27.49 290 | 0.0800 [ R(211)
1.481433 | 55.0313 | 26.65 282 | 0.1000 | A(211)
1.364906 | 62.6603 | 22.03 233 | 0.1400 | A(204)
1.265659 | 68.7158 | 16.57 175 | 0.0800 | A(116)
2432455 | 749788 | 17.72 187 0.1200 | A(215)

250rpm &) ge A s dis paally Gldiall p gl dpus)

D 2Theta I(rel) | I(abs) | FWHM h k|
3.518577 | 25.2916 | 100.00 | 511 | 0.1200 | A(101)
2.380515 | 37.7597 | 37.44 191 | 0.0800 | A(004)
2.028429 | 44.6366 | 36.43 186 | 0.2600 | Fe(110)
1.893746 | 48.0028 | 44.33 227 0.0800 | A(200)

300rpm &lugal) ds s dis yaally Gldial) p gl dpuus]

D 2Theta I(rel) I(abs) | FWHM | h k |
3.518911 | 25.2892 | 100.00 802 0.1400 | A(101)
2.380958 | 37.7525 | 38.81 311 0.1200 | A(004)
2.030406 | 44.5908 | 28.43 228 0.1200 | Fe(110)
1.893879 | 47.9993 | 39.62 318 0.1600 | A(200)
1.701409 | 53.8395 | 33.16 266 0.1400 | A(105)
1.667941 | 55.0100 | 31.80 255 0.1200 | A(211)
1.482349 | 62.6172 | 30.31 243 0.0600 | A(204)
1.266013 | 74.9543 | 23.95 192 0.0800 | R(320)

350rpm &logall A s die apaally Gldial) p gl dpas]
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d 2Theta I(rel) I(abs) | FWHM | h k |
3.513264 | 25.3305 | 100.00 | 1325 | 0.1200 | A(101)
3.243978 | 27.4728 | 19.80 262 0.0800 | R(110)
2430325 | 36.9575 | 19.42 257 0.0800 | A(103)
2.377405 | 37.8110 | 31.10 412 0.1000 | A(004)
2.331508 | 38.5845 | 18.72 248 0.1200 | A(112)
2.026722 | 44.6762 | 19.41 257 0.1000 | Fe(110)
1.892357 | 48.0403 | 36.83 488 0.1400 | A(200)
1.700474 | 53.8714 | 28.16 373 0.1400 | A(105)
1.666796 | 55.0510 | 28.04 371 0.1600 | A(211)
1.481313 | 62.6660 | 23.98 318 0.1400 | A(204)
1.364488 | 68.7398 | 16.92 224 0.1800 | A(116)
1.338632 | 70.2605 | 18.22 241 0.0600 | A(220)
1.265157 | 75.0138 | 20.16 267 0.1200 | A(215)
1.166743 | 82.6322 | 17.51 232 0.0400 | R(321)

400rpm ¢lusdl) & i ais aally ldial) o gailisil) dyess]

d 2Theta | I(rel) I(abs) | FWHM | h k |
3.517184 | 25.3018 | 100.00 400 0.1400 | A(101)
2.379251 | 37.7806 | 40.24 161 0.1200 | A(004)
2.023055 | 44.5720 | 39.88 160 0.1600 | Fe(110)
1.893844 | 48.0002 | 48.88 195 0.1600 | A(200)
1.700793 | 53.8605 | 39.09 156 0.0800 | A(105)
1.667824 | 55.0142 | 38.92 156 0.1000 | A(211)
1.481543 | 62.6552 | 33.18 133 0.0800 | R(002)

sl Jglaadly dug jaall ciliall &gl il iahll) addi (K LS
.anatase jsh Jal e ciliall 464 404 el :(3) Jsaad)

3

A8
el g @B @ VA Dmm)
rpm

SNTi0, 250 3.7876 9.4283 135.2585 46.4699
90% TiO, 250 3.7876 9.5355 136.7960 38.6515
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+ 10% Fe 300 3.7861 9.5593 137.0300 40.6858
350 3.7861 9.4513 135.4820 50.6190
400 3.7876 9.4815 136.0210 44.7561

rutile jgh Jal ¢e cliall 4864 408N cals (4) Loaad/

el g @A) @) VA Dmm)

SN Ti0, 250 4.5962 2.0962 44.2833 30.5021
250 4.5092 2.0950 42.5973 38.8659

90% Ti0, 300 4.5962 2.0962 44.2833 28.4686
+10% Fe 350 4.5831 2.0950 44.0057 35.5918
400 4.5929 2.0956 44.2073 20.3356

:Vis — UV cillahia du)

2l Llidly L&l Ti0, asnliall aws] Glial dbguall (ailadll dulp G
Gl ol e dpalaia)) Ly Gus Adise gl gom die 10% Aoy
o=l il dualaial of s s (400 — 900)nm cuwil) jeall caasy

casall Jshall sl ae
Claaly il aeitiall sl cliel Lalai) cllabia (3) JSal Jiay

~aaadl
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Gl yeadl iy ) Jadl e

sl (e e Jal o dpalaiand Lad il g Aol g dpalaial) ad hau gia 1(5) Jgaad)
daldly Gldal) a gl

26.92 11.6 59.0 250 i)
31.65 135 73.8 250 .
34.75 141 81.4 300 paally LA
34.64 13.2 99.5 350 e
16.59 750 535 400 (x=10%)

Sl e s Jal e dpalaiadl dad el of (5) dsaal) e Jaadl Cua
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el e a = 2.303% (D)) e Galaiel) Jolae dad ilusy (r — %)
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anll il pgntiall 2l Jal e 28U 8 dad o cillaladiall 038 (pe Jaadls
(3.18eV) dmuiidl 353 Andll Jlae A 06S5250rpm s dejm de
osth e (2.95eV) Gyl sspuall Jaw B muail poall LLEY) die alling
Lol ) dai (S pallill Bsadl) oda ded il ARl phsall de e
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Adlida )90 Gleyw die
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A400rpm o8 Ay vie sl Gla Ti0; (€) <350rpm ol dsyw die paall

tGluagilly claliviuy)
toble ol 138 (g s of oS >

oo X = 10% L) 4w e 2aall QLE Ti0, S juoass Sa -1
.5h 5245 (250,300,350 ,400)rpm dabias oys0 cle s Jal

caly U8 aaal) Ll Sl 85 o a0lial) 28T Gl SEM jgea s =2
s luall paen 35 Gus 100nM e o ladbed ain (S0 55kt s dusilaia
XRD lahis ae ilsi Lo cadlic o € 0K5 e ciluall 03 geaig Uy S
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(Fe3t) Liasall sl 50 s 5am olhsall dejud 2lS dpaedll S
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5Ly g L) Lol aam asbey A5 ey Fe3 = 0.644 « Ti** = 0.684
Oyl ey

A sl ekl ol e B8 Bsad Aad G Vis — UV gl opn —4
L) 3sb AadY) Jae B 056 250rpm ohsd depn e jasdll
Gl el Jae b omeal sl LY de  (adlimg (3.12e))
o Bl Bendll o dad yaindl LARL) Olyeall deju i vie (2.875eV)
deyu die poanall aaall Lladl dwedl Jab o (2.499eV) il ) J
A400rpm o)yso

Glagdss 3 Bpaaall Sl Adgall pailadll e sali) 49K o) -5
oo SLSa ods ) asll Jlay) LEl ) dilal lapey sl sl
Auh e 23all allay dpslaiaally 45058l Gailiadl
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