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Thesis Feasibility of polycyclic aromatic Hydrocarbons Trap in Base Oil

By Titanium Tube.
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Academic Year 2011
Abstract

This study investigates the potential of innovation in nanotechnology for trapping
hydrocarbons in petroleum-based oils, lubricating oil and rubber oil products. Conventionally, the
majority of hydrocarbon contaminants in these oils are deliberately removed by using the
chemical extraction (i.e. organic solvents). However, this technique has several disadvantages
such as i) relatively high cost of using organic solvent, ii) most of organic solvent is carcinogenic,
iii) consuming a lot of time. Therefore, petrochemical engineers are searching for new method to
purify the oil products without any previously mentioned disadvantages. By using anodisation
technique, one can create nanotube titanium surfaces. This innovative technique can be applied to
the field of petrochemical engineering and environmental sciences. In this research, the
Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR) was employed to
detect the residues of hydrocarbons in oil samples. Five species of organic functional group,
namely benzene, alkanes, methylene, alcohols and phenols were successfully detected. After
conducting the batch experiment and plotting the relationship between peak areas of target
hydrocarbon species against time, it was observed that the nanotube titanium surfaces can
considerably trap hydrocarbon residues in oil products. The experimental results reveal that
both temperature and sample volume can play a major role in governing the trapping

behavior of hydrocarbons in petroleum base oils.
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Property Value
Melting point, 'C 1668+5
Boiling point, °C 3,260
Density,g/cm3
pnase at 20, "C 4.507
phase at 885, °C 435
Thermal conductivity at 25°C,W/(m.K) 21.9
Electrical resistivity at 20°C,nQ.m 420
Magnetic susceptibility,mks 180
Modulus of elasticity, GPa
Tension Ca 101
Compression 103
Shear 44
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@ Li’ a 1T Aas ~ 491’ a A I an
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[ dy ad v = Y A =} .. . . e
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. . o/ v . ' A o I
(Polishing) 4aEMSVALUUNY (Blasting) 2.35maall 1¥u msndevualedsiliidluledrs
ATLUIUNITNINAT (Chemical vapor deposition) uaznszuumsue Tu'laasy (Liu et al.,
2004; Vijay et al., 2007)
Y = I [ ,i’ a g =
msue Tu lawsu Inmidlsuilunszuiumsdsulganuaadienszuaumsmand
A I ax ~ Aq ¥ 1 ~ U Y a oA
iosnmiluismamsenildeulszana lige aunsowsongansnanes I luieslfiians
o a { @ . 4 a & A< 4 a
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A= a v o X A . A o X a g A o
TarigNoaAnUUUNUNUAD (Dense oxide layer) tazlanvagiuanilugwgu iosnndugiu
g Aa da! (% [ o @ dy 1 [ v d Yy 9
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a 1 a a 14
a1 gungll ANuMUIIUNsEId fites nazlszinnuesdianIng lad (Diamanti  and
Pedeferri., 2007) H9zuAnanUIBNNanaeslHnsesliovinalvgaz1daulsznags
1.4.1. ianmswugiumsue lu o ¥l mmiie
o o =] 4 .
msue Tu'lawdu lnmiionsi 18 TasdseneuisadoanIns 1ad (Electrolytic  cell)
S g 7| { H o a Aaaa o H '
Fudwaad WAvuadindosiunszua ldiud 1 ldinal §Asenad dsmmin 2 &9
Useneume
1T o A Y
D) unassutianszua lihanaeuen (Power supply)
v H v
2) 1219#11 (Electrode) Ain Tanz Nuogluaisazareni looouoguazainisn
° g’/ v [ aan I @ g I ?,‘,
Wi 180 I fhusawanyugal §azeniiu 2 dszian a3t weTua (Anode) 1iluaalulilh
X A a aan a % . . . I g
YoInsAUTAaNINALYNIo100NFIATY (Oxidation reaction) azliA Ing (Cathode) 11 uaa Tuilh
= I a A A o o . .
EUENﬂNLG]faﬁmﬂﬂﬂ;]ﬂiiﬂiﬂﬂ%u (Reduction reaction)

3) M3azanedianlng lad (Electrolyte)
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Y
v AA

1 ] Y
TanzMlszuazdoneladesdlgnseuad il unatiu Astiae

e Tua: 2Ti(s)+ 2H,0 <> 2TiO(s) + 4H* +4e- @.1)
PuaTna: SO> +4H" +2¢” <> SO, (aq)+2H,0 (22)
PauaTna: F,(g)+2H" +2¢” — < 2HF(aq) (2.3)

Fannsen (2.1) 11UPnIeeenEatu (Oxidation reaction) ttazFonlnaen (2.2) tag

v o

(2.3) MUPNI8T3ANTFU (Reduction reaction) AWAIAL
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=

walizeeendatunaidnduluaums 2.1) 2.2) uag (2.3) anmilulfazennsa
18 (half-cell reaction) W303nazszymdnd luihuasgiu (E,) dmSuljnsernsusad
Y o 2
113 Al
dwelua:  2Ti(s)+2H,0 <> 2TiO(s) +4H " +4e- ;E.,, =—1.31 Toad

> ™ anode

dwalna: SO +4H' +2¢” < SO,(aq) +2H,0;E",, . =0.71Thad

cathode

dwalna:  F(g)+2H" +2¢” — < 2HF(aq) ;E.,,.. =3.06 12ad

> ™ cathode

A Yy 9 Y
UDIINUVINIINU i]%hlﬂﬂ
F,(g)+2Ti(s)+ SO +2H" <> 2HF (aq)+ 2TiO(s) + SO, (aq)

o o o 0’
Yoo E, =E,.—E,.=(306+0.71)-(-1.31)=5.08 Trad
[ Y [ 1 dy I P Ao oA [ g’/ 9|
and IrlThunasgiudenanil WuaiiameusuilnihleTasauinasgiu (Standard
hydrogen electrode) &4 Id el tisgnd luflinasgrilugudiiorinisue Tulawsundqin

[ <3 =4 a [ a [ 1
Tanzazdnyaztudduundauiuuurd Tavzuazinnudmumumsnanisu

1.5 NIZUIUNIAAYY (adsorption)
v a3 A Y ' 9
nszuaumsgaguilunszuiums lumsazaursogaiveyniaaieg lumsazain 13
A a Aa
VUNUAINUANWHRLIZ AN
1.5.1 ﬂqyf]msgﬂcﬁu (adsorption theory) (Irving Langmuir, 1917)
@ <3 a = A a’é []
MIgasuuaNuaInIsavesdsurtalunshsluanarsonoansadiod lu
A O Y [ A A a @ @ A = 1
YDUHAINION I AU UMEIUNTDAAUUAIVDIAIRATY TuiananIonoadeaisenI adsorbate
v R Axa & { @ [ A a < 2
AUV IAINTANTUNNZ TV adsorbate (389N adsorbent NTIAIZAAR Taen 1ty
o 1 I~ < [
Y51nMIaiTEnIN YIUT-UOUTL MIY-YDUNAD VOUNAI-VDUNAD W30 UBILHAI-
< @ [ < (91’/ ] ara 4
YOI (Sunstorm and Klei., 1979) Migaduusesniu 2 Tunou Ao Msgasunaland

(physisorption) uazﬂ"ﬁ@,ﬂ«ﬁumqmﬁ (chemisorption)
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imgaarnei@ndasonsanmnduld (reversible) FI9zUUBYAVYUIAVONTIAIGA
szrINTuana
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a ] Y =K Y 1 g’/ ~ A A A 9 v A =
HINeUoNYeIaITaATULa I U IgIUnouNde AotndouTd T dsanelugnyuds

F4 Y H
ﬂig‘U’JuﬂTﬂLWifﬂ%Iﬂﬂ?%ﬂWiLLWiﬂWQiWiHW%@ﬁHN? !,Lﬁx"llu@@uﬂﬁHJﬁ’E]ﬂﬁlﬂWgﬂﬂﬂ‘U

U Qq

9 Y
CY IS

j‘ a & & g A Y Aa @ <3 A = @ Y
WUAIFUTUTUABUNUNDTIVOIMIQATFUVUAR U IZG MNNBITs LM UA VTR ITULIN
Tagna lnmsgasudl 2 Uszianae
1.5.2.1 MIQAFUNMINEMN
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a ¥ o a a 2 g
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’c’?Tﬁ%)‘Uﬂﬁ%ﬂ?ﬂﬂ1iﬂﬂ%ﬂ‘ﬂﬂﬂ1ﬁlﬂ1w ﬂ31hﬁ1u15ﬂ1uﬂ1i@.ﬂcﬁlﬂﬁﬂﬁi Lﬁaqmwﬂu

U

a A X

v Y 1] ' ' v Y
MY HRINNINYAZ AgUUYUINNAY TuanaignaaT Ul TzAUNAIINLTUIUEINTD
A = o o o v Y v Y ' o a
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dy d' 9 1 [ =\ = a oy % 1 d‘
AN "U-l.Wuﬂi@]ﬂi1ﬂﬂﬂhﬂaﬂ1i@,ﬂcﬁﬂGU’ENhlﬂmluﬁlll YNNI UA uamwuiuumuwaaau

duSeg1l

1.1 Tnmiiew

1.1.1 tavuAau 2855 cm’’

a1 (¥ Tu4)

FJ

wunldnslae uaa ( peak area/mass)

0
2

10
12
14
16
18
20
22
24

3.22
3.49
6.86
6.98
3.33
7.51
6.94
7.12
7.23
3.77
3.48
7.18
6.90




1.1.2 1avunau 2924 cm’

a1 (F2 119)

FJ

Hunlansmaenia ( peak area/mass)

0
2

10
12
14
16
18
20
22
24

0.77
0.86
1.58
1.73
0.84
1.77
1.60
1.73
1.73
0.88
0.83
1.77

1.70
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1.2 uuamile

1.2.1 1lavuAau 2855 cm’’

a1 (F2 T19)

FJ

wunldnsmasuia ( peak area/mass)

0
2

10
12
14
16
18
20
22
24

3.22
0.18
0.38
0.33
0.18
0.37
0.36
0.37
0.36
0.18
0.18
0.36
0.36
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1.2.2 1avuAau 2924 cm’’

a1 (¥ Tu9)

v

wunldnsmaeuia ( peak area/mass)

0
2

10
12
14
16
18
20
22
24

0.77
0.04
0.09
0.09
0.04
0.09
0.09
0.09
0.08
0.04
0.04
0.09
0.09
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1.3 15%U

1.3.1 1aUAaU 2855 cm’’

a1 (F2T19)

FJ

Wunlansmaenia ( peak area/mass)

0
2

10
12
14
16
18
20
22
24

3.22
0.33
0.66
0.65
0.30
0.68
0.65
0.67
0.65
0.34
0.35
0.68
0.66
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1.3.2 1aUAau 2924 cm’’

a1 (F2 119)

J

Wunldnsmaeuia (peak

area/mass)
0 0.77
2 0.08
4 0.15
6 0.16
8 0.08
10 0.15
12 0.15
14 0.16
16 0.15
18 0.08
20 0.08
22 0.16
24 0.16
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dy d' 9 1 @ = a cy % d' :' % dy
ATTN 51]-2.Wu‘ﬂﬁl,ﬂﬂi11/\|GI’E']llﬁﬁﬂTi@WlﬁjGl,llﬂTiﬁﬂ‘EIT]JiNWG]TLH?J‘H’V]Lﬁh1$ﬁllcluu1nuwuﬁﬂu

£

2.1 BNAIANGUHANN T

2.1.1 launau 758 cm’

U5inasiigi (ml) uflgnsmlana
2.5 1.20
5 1.00
75 1.50
10 1.60

2.12 1@UAAY 1460 cm|

Usmaniisiu (ml) Aufldnsmana
2.5 0.66
5 0.47
75 0.57
10 0.52

2.1.3 launau 2924 cm’

Usmaniisiu (ml) Aufldnsmana
2.5 0.72
5 0.54
7.5 0.90
10 0.63

2.1.4 12UnaY 3615 cm’’

USinasiniy (ml) ﬁ:’uﬁslc?fﬂﬂw/ma
2.5 0.80
5 0.50
7.5 0.60
10 0.70




2.1.5 launau 3858 cm

FJ

USinasiiy (ml) Muildnslana
2.5 1.60
5 1.20
75 1.70
10 1.70
2.2. dwqmmuqmmﬁﬁ'mm
22.1 1@UAANTSS cm”
U5 a91 T () Aufldnsmana
2.5 1.30
5 0.43
7.5 0.69
10 0.52
222 @UAAY 1460 cm’
USinasiiiy (ml) fuilgns e
2.5 0.69
5 0.41
7.5 0.42
10 0.50
223 YAAY 2924 cm’
USinasiiiy (ml) ﬁ:’uﬁslc?fﬂﬂw/ma
2.5 1.30
5 0.60
7.5 1.20
10 0.50




2.2.4 12UAAU 3615 cm '

USinasiiy (ml) ﬁ:’uﬁslc?fﬂﬂw/ma

2.5 0.60

5 0.50

75 0.70

10 0.80

2.2.5 1UAAY 3858 em’

U5 1a91 T () Aufldnsmlana

2.5 1.84

5 1.74

7.5 2.25

10 2.15

da' d‘ 9 ] @ = ad’ g’ &% dy
ATTN GU-3.WL!‘V]Gl,@]ﬂ‘iTI/\'G]E]ll')'ﬁfﬂi@ﬂGﬁﬂgl,uﬂﬁﬁﬂ’]elTQmﬂ{]ﬂﬂlﬂu1$ﬁuiuu1ﬂuwuj§1u

3.1 9NAIANGUHANN T1g

3.1.1 lauAau758 cm’

gaungl ('C) fiuilanslana
40 0.56
60 0.37
80 043

3.1.2 1aUAAN1460 cm’

gangl ('C) fuildns e
40 0.45
60 0.40
80 0.42




3.1.3 1aUnau2924 cm’

FJ

gl ('C) Muildnslana
40 0.81
60 0.31
80 0.37
3.1.4 10VAAU3615 cm”’
gl (0) fiuildnsiana
40 0.30
60 0.30
80 0.36
3.1.5 1UAA3858 cm’
gl ('C) Auilgns e
40 1.03
60 0.18
80 1.33
3.2 8MIUANgAHYITIvE
3.2.1 1UAALTSS em”
gl (0) fiuildnsiana
40 0.50
60 0.30
80 0.30
322 10UAAU1460 cm’
gl ('0) fiuildnslana
40 0.54
60 0.36
80 0.36
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3.2.3 12UAaU2924 cm’

FJ

gangl ('C) Muildnswlana
40 0.4
60 04
80 0.6
3.2.410VAAU3615 cm”
gl (0) fiuildnsauna
40 0.47
60 0.47
80 0.57
3.2.5 1AYAAU38SS om’
gangll ('C) fuilgnsnlana
40 1.40
60 0.30
80 0.40
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1 v o d J @ 1 @ J o
AT N A-1. ‘f’ﬂﬂ’ﬂi]ﬁllW‘H‘ﬁi%TT’JNL’ZIﬁWﬂUﬂ’NiJGINﬁﬂEJGluﬂﬁl,l,ﬂiuhlﬂl,“]i%u

nan nazud Tl (a)
5s 3.71
10s 3.69
15s 3.63
20s 3.56
25s 3.47
30s 3.15
35s 3.21
40s 2.98
45s 291
50s 2.89
55s 2.86
1 min 2.81
5 min 2.76
10 min 2.63
15 min 2.55
20 min 2.46
25 min 2.42
30 min 2.62
1.0 hrs 2.37
1.5 hrs 2.26
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' 1 v o J 1 o 1 o o
AT N A-1 (910) ?ﬂﬂ'ﬂllﬁllWu‘ﬁig‘H’JNL’m1ﬂ‘ﬂﬂ’NiJGINﬁﬂEJGl,uﬂTiLLfJIuVlﬂl“]f%u

nal aszua i (A)
2.0 hrs 2.18
2.5 hrs 1.61
3.0 hrs 1.46
3.5 hrs 1.75
4.0 hrs 1.60
4.5 hrs 1.45
5.0 hrs 1.31
5.5 hrs 1.29
6.0 hrs 1.25
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-1.M3UATIZH! % PCA

a I'd a 4 3’ % ag a 4
3Lﬂ31$ﬁﬁ1ﬂiﬂ1mE‘ﬁi‘ﬂﬁ&’ﬂi’)‘]_lhlajﬂiﬂ”lﬁﬂﬂu(lulﬂﬂuIﬂﬂ?‘ﬁﬂ?i?tﬂi?zﬁﬁ1ll

4
a a d v
WIATFIU IP 346 method HATMIAATIZHAIN

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8

11#198191% flask (fund) V119 250 ml. W3 OUAUANAN Cycrohwxane 10 ml
Y
3 Cycrohwxane 35 ml adlu flask (fund) GhGER
[ :j ~ (] = 3 Y 3 =1
anansIN 1 Taesad DMSO 100 ml. 1uen 3-5 w1 aqldiuensu 30-60 11N
21898IUA1900N
Y Y
anas1szunal 3-4 A5
N309A0NTLATHNT D

a =

TZIMOAIUING 0 evaporating NYMYI 80 veAUFAITaINDADINIT la DMSO

U

AU % PCA
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waz lmiemnednivaisisenoulalasarsusuluiniuvaoau. luenans
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