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A Study on the Photodegradation of wastewater for oily waste

water/waste lubricating oil reusing process using TiO,/UV process

Eun - Young Kim

Department of Construction and Environmental Engineering Graduate
School of Industry Cheju National University

Supervised by professor Youn-Keun Oh

Summary

Considerable interest has been shown in recent years towards utilizing TiO:
particles as a photocatalyst in ''the degradation of harmful organic
contaminants.

In this study, photodegradation of wastewater for oily waste water/waste
lubricating oil reusing process has been investigated with UV-illuminated
TiOz in aqueous suspension as a function of the following different

experimental parameters : photocatalyst species, TiO: weight, H-O» dosage.

1. Photodegradation rate with photocatalyst species decreased in the order of

A>C>B.

2. Photodegradation rate increased with increasing TiO; weight, but was very
good at TiO: weight of 3 g/L. For TiOx(3 g/L)/UV lamp(40W) of COD,
NH,

removal were 55%, 56% after 12 hour respectively.
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3. The addition of H>O: in TiO/UV system was more effective than that in
the

absence of HxO: in the photodegradation reaction. For TiO»(3g/L)/UV
lamp(40W)

and H.O» (IM-30ml/L) of COD, NH, -N removal were 71%, 67% after 12

hour respectively.

4. The NH; -N concentration decreased with progressing reaction time. But NO, -N

and NO3 -N concentration increased with progressing reaction time.

5. Photodegradation followed a Langmuir-Hinshelwood reaction. The rate
constant for TiO» 1g/L, 2g/L, 8g/L. and 4g/L. weight were 0.0453min ',
0.0584min *, 0.0648min ' and 0.0463min ' respectively. The rate constant
for Ho:O, 1IM-10mé/L, IM-20mé/L. and 1M-30m¢/L. dosage were 0.0691min *,

0.0747min ! and 0.0853min 'respectively.
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(COD : chemical oxygen demand)
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AF7 APHn Q= 232 2 (AOP ; Advanced Oxidation
Aetstel Al OH #uzds THEE=E A

s Agsts B ARE A Vs A= sWoltHC. P. Huang, 1970;
)

Halmann, 1995; g =8B, 1998; #f 5 1EH, 1999).

Table 1. Comparison with oxidation power. of each oxidant
Oxidant Oxidation Potential Relative Oxidation
(Volts) Power (x)
Fluorine 3.03 2.23
Hydroxyl Radical 2.80 2.06
Atomic Oxygen 2.42 1.78
Ozone 2.07 1.77
Hydrogen Peroxide 1.77 1.30
Perhydroxyl Radical 1.70 1.25
Permanganate(CODu,) 1.68 1.24
Chlorine Dioxide 1.57 1.15
Chlorine 1.36 1.0
Oxygen 1.20 0.88
* Comparative oxidation power compared with Chlorine oxidation




AOP 9 FHZ+= 0yUV, 0yH:0, H-0-/UV, Fenton 4F3}, Electron beam
irradiation, TiO/UVH™H 5ol Ath(H, 1996). o] FolAl TiOy/UV ol A&
He REAE B2 T FAUAE Fcte] FEA4S vede 35
d EZo|th(Ollis and Turche, 1989). ¢] WHES F&4H2 OH radicalS ©]§
d fAEdS 23tAgstE WHAd OH radical¥d} #7]1E3ke] wkg&E Al
7} 109 ~10° M'S'®2 vl wWz3, OH radical> A RE f7]8% FuF

Stk Hold AHES 7HAA Aok ek AOPs 3AOA = Thsd B
%] OH radicals AR AIZ7I=A F8sttHAl 5, 1995 #, 1996).

AR =2, 384 A (photoactive)o] Lol oF &4,

AR, 7hAR Ao A9 g el BlE ol &8 5 glojof s,

Al AR, AEsta - skek o m Hlg A o]ojoF B,

A 2, 3384 o7 <-4 (photostable)dtof oF gHt},

vpAlE o 7 TFA o] Aok FhthE VR ARl 23S WS ol &d ¢ e A
o=z dyAa ATHAH &, 1996; A 5, 1995).
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& o]l oy F/F sFEFH wEste] w9 E-3A| (coordination complex)E
FAet7le gt ol 2o H4A =259 Z3A (binding site)ES FolU]

Ag Frstel U= pAEe] A% HAE oA £ e A i) A
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] 7]
(energy band)E& AU & o] 5Ao]th(H, 2001).
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band= Z=te] Heo]7F dojifil valance band o+ holeo] B H T} o] A<}
holex #9%°o FWo=m o]Fsto] Abst-skel whgS dod|AY AAH
(recombination)sto] &5 WA A 71T

conduction band®] HztE Abaet 22 AFSAE FYUA7]3L valance band®l
hole2 32AAE AEsIAZIE holeo] ES ASIAIFISA  valance band?l
hydroxyl-radical( - OH)& "FE3 ol FAdE - OHE ®vH-&A4do] A3t f71&

g AbsA I

WA =4 FolA 1960dd ZnO EEo]l 7|3t E whgolA FEHvfE A+
Ho] ghth(d 5, 1996). ZnO SEZAYA HEGSEZAHN] F3fof
= Zugdrt Az, 1 99 §78F8E dEAE Zn0E TiO.9 FEs o A
Tt A5 UEtl AT FAbel o3 vl Ao Eal= Fafdh ool



of FFol &7 wiwol FHg FAHoNM= AREe] AlE F el glth

WOz Fdatal o= Ao Fwjaass YetlAI TiOo = mA A& X

ot 28y WOsx= band gap(2.8 eV)o] Zrolx TiO.x Tt} #Asate]l 3o F4%

T U7 wiEel BFEs ol&dte FEde fElsttka Easgth CdSy
5

O T~ >~ = o
2 F5%  Qgou, wEHE A APYS BE

(1997 F=5w) =d=2A4 7FF ZaA Sdolgal AT, 1999). TiO=

400nm ©] 3t el W& F435to] electrons/holes S WAt FFAES 7HA

ARG E AL A F, 1996).
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2 99
TiO29] ZAA %+ anatase, rutile 3 brookite?] Al 7FA F/F7F JomH(o

5,1998), TiO.9] M7HA] A4 F+Z% F anatase 9 rutile T7%25 7MA= Fo] =2

FEvjghgol AHgHm, o dle] Rud FHuje] AP Avel oW AwHow
anatase FEE FAE Aol US 59 BEEAY B4 HolE Ao W
o QoiA Ak FHsee] How

T3 Y}l o= anatasedl H]3] rutile TF
ek Ao ojg] AdE Axpe} gJFeo AA

HARE obA 7Aool i AFEF AHAdo] gle AAoItk(e] T, 1998).
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anatase$} rutileo] A7Fe] ZvjEa &9 xlo
oeale] Fefol A= Zol7t A i wl=e] FEaf ol A= anatase’t E&c°] A4
Avtar BAsAtHAK &, 1987). A2 AEH e TiOe ta d& 3
shal 7] wiEo] A Eo] dAN R = wWAoltk(H 5, 1993).
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CATALYST PARTICLE
BULK SOLUTION f
G
Cb
e- -\ Reduction reaction
CB A
O _ -
T Bulk 2
recombination H20 2
Band
Gap
Energy
l Surface
recombination
OHe
VB excitation
Oxidation reaction
hv H,0/0H
Fig. 1. Photocatalytic reaction mechanism on TiOs.
O: + ew —> Oy - (1)
O, - + H —> HO; - (2)
HO, - + HO, - —> H>0- + O (3)
O; - + HOg - —— HO; + O (4)
HO, + I{+ —>  HO, (5)
Ho 00 + eq ——> +OH + OH (6)
HOs + Oy - —— -0OH + OH + O (7
hv

ol 7ol A SkA UFRl wpe} o] F=vl ArEwbgolA FE AsAlE ZEshs
AL OH radicalel™, o]= th&3 22 ARdo] & A€ wb Ut

7 ESR(electro spin resonance) 4o & F=xALE TiO, ZHolA OH
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TCES #43} RajA171E A7E Fatol wgA(©0] 0 o8xoz Bad
Masre] o 40% ol 4ut EASE Rl TCEL B9 e nusty

1~F§

A ek wg HEAF wlg wEo R (k=1.9%10"L/mol - s) 2] FE
SV E obgle] WeADF 2ol AAE 44 scavengedomH AAeh
wol AAFE oAste Aol wea o] FUehE Ao dEAn

o]
P

v
CxHyClz + {x + (y-2)/4} O2 ———O————> xCOy + zHCI + (y-2)/2H0 (9)
TiO,

Ky [0, 1 K, [S) 10
(1+K, [0y, ] )1+K, [S])

e + Oy — - 027 (11)

=7} 295 8 = gA I Herrmann 5, 1993; ©] 5, 1998).

7F Bo] Zuj el o] FEolAFE A e o] e A7) A
WHSE FRet Ve WA Ee] WSk How At vk, S
TR FUbe Aw Ho Ak Feeel o8 o ZdvE AxE7] wEolth

(Ollis &, 1991).
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4.3 UV

UV Flux =& Ao e+ TiO, QA A3k 3422 %= (Photon Density)
£ Folof &7] witol F a5t

TiO29] band gap< °F 3eVEA 3o == oF 400nmoltt. = 400nm ©]3}<]
22l E ZolH whgo] AT TiO.0 5 7| AA7) Zhe Sdgnte
ggol zka = vl AEE AkstE el v e fAUAE AR FA

S FAV1EANE o 43Veln, B WsHAA o 12Vl HE 7S o)
O~

C oo Aoyl &3t =
TiOzell & Zol® FHe] 30,000C o] e 45 W
Hm, ojep e oA BE BEHS vE AsEER gt g 7532
CO¢F H:02 &3 €t (Blake 5, 1991 54 &, 1994 A 5, 1997). UV Flux+=

TiO; 4Abell A Ag F2d E(photon density) & of 3s}7] wjol Ad3 I}

Kl

_ o
= Ay 72 4

=

=
N

ad

FEWZ AGHE VEAL 03 AU ol ol EAEE AP o
FYe Bollh, 1 olgel A BYL T *
A A F8E AS WSE A} L Frael FaA WL do

ANE <k Aok Aot webd AA@ sgel wol zAEolol ATh(,

dutd oz {f71E9 FES HESolA H0.& H7Iste=zA HbgEHEy a8
o] AA F7tsteE ASE Haw iy JoHOllis 5, 1991; A, 1995; ©] &, 1998).
oA HdEr=z doldl daket ®vkg-a OH radical
S At 21(13), == 2 (14)3 %] superoxide radical® ¥F3-al OH radical

gk ol#A A4 OH radicale] r7]& Abstel #ojsiA drf. FE3H

N
N
s
i)
L
ot
N
B
flr
o

o
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H:O0= 21(15)¢F #Z©] OH radical®] AAAZA J&E st7|%= stz Aalstas
2o FALe FAF A daAE B 5 AT, 1999).

H0, +e — OH- + OH (13)

H0, + O, -+ — OH- + OH + O, (14)

H:0, + OH- — OH,- + HO, (15)

Ollis®} Pelizzetti (1991)= HoOp H7}ol] wh& FFvl 4Fst& o] F7tel gt o
2] A ES the o] ek

AA, HOe ¥ Y2 dzpggAolth, 18 uz AY o§ 88 FX4A7
71wl FEv Astes T § Atk

=4, OH e Bl & H0.25H Agdoz A4 & vt OH
o) 2 G5 gbste] el Hadty] wite] Aw o] §hgE FHu) AbshE

& 2N 4+ 9

o

AR HoOpe Fadlld 4 Qv 2342 B2 A AY 02 4tstE 4 3l
t}. H.0, #A7}= 027} electron scavenger® 282 4 7] wj&Eo 0.5 FF
stogx FHFu&S TUHAAY. S AbAe A dbge FHu 9885 A

ot dAre-AE Adds AL UH(H 5, 2001).

Aoz FEu) ol glojA 1 whE ZHo| wel pHe PaFo] 7+ o
2 et o g dHA L dekFox 5, 19935 o] &, 1998).

Bl Al717F 6x10° Einstein L's ‘o] el A= pHO @30l 79 gllort
ojgtell A= Fe] M7I7F ok A= pHO @3Fo]l AA YHEve= Zow B
Ko pH7F moldas gAREEo] Folx WhEEHETE FrMEtha st
5, 1995).

A o2 TiO= T8N pH7F 56~6.6 Atoldl A& wf A7]HA F4S
m X ¢ki= ZPC(Zero point charge)”t #ZE ™ (%1, 2001), pH s}l wfzlA
TiO, ¥ W37 Ao TiOH, 2 G714 E TiO 2 o] Fojxmz &

_13_



A%l A Ege] $AsE HE A9 9714 pHAIA

R 3135}99 tH(Matthews, 1987).

TiOH+ H — TiOHy : Acidic condition (15)

TiOH+ OH —Ti:0 + H,0, : Alkaline condition (16)

_14_



1. 43A%

e dEdEE (BT EAA dAF - JEE T AR AANA SA S
= oA5e sgon, AFe 54 Table 2o UEhT BEEE 24
EXol Mz 2 B9 anatased Y TiO: 3ZFF(A, B, O AF&3F3t}.

UvelzE ugt e A=ZeA Sg P9t 185 - 577 nm o1 F3Ho

254nm= 25W(8500uw/crt), 40W(13800uw/cm)E AFE3FA T 71EF Ao EFA
o= AAglo] AF&aFAT.
Table 2. A characteristic of wastewater
CODwn NH; -N NO; -N NOs; -N
Items pH (mg/ 21) (mg?/ ) (mg/ #) (mg/ 2)

Concentration | 7.7£0.5 | 1,000~1,100 | 103.3~106.6 | 31~35 | 0.05~0.1

Table 3. Physical propertics of various TiOs catalysts

Catalysts A B C
Particle Size(um) 3.3 3.4 35
Surface Area(m’/g) 47 7 7.7
Band Gap(eV) 2.93 3.13 3
Density(g/cm’) 1.2 3.9 3.8
Stucture Anatase Anatase Anatase

_15_



2. 4¥ZA 2 Yy

oAl AR FEv] W&V Fig. 201 vEbd AA Y e5(dE o™

THAA, BE, R BAER Fo} ot wgsdd ex:

OQuartz glass tube —w—,
uy Lamp ———. "-.,_LI_ |

Cooling water ___| .
ol bt — fine
Stirrer Lo L CEl L cooling water
I 1 b

Fig. 2. Schematic diagram of the batch-reactor with TiO»/UV,

gl AAE TIOh HaHFaE #Aal ERE] AA4 aw)

(400RPM) & xiwkste] Fits] & 5 43, 535, ASHolA 30ms A5 A



TdsHA EFES & F AT 24

AlZs WS 7]dlA AN AR whgre] FRA A 124171744 30

b
i
N\
ox,
rot
N
=)
[N}
I~
=
[N}
O
=)
DN
O
(@)
b
fr
Al
Lo,

EAAE 844 A7) (muti-parameter analyser : CONSORT
Co3)= SAstinh. ®=3k geie] pH pH =74 71(Orion, model 290A)= =7
Atk e MEZSAHV|(WA-PTA)Z =43t COD, NHy -N, NO; -N,

Table 4. Experimental conditions used in this study

Items conditions
TiO. stucture Anatase
TiO:2 concentraion 1g/L, 2g/L, 3g/L, 4g/L
UV Lamp 25W, 40W
UV Lamp wave 185 - 557nm
H>0- concentraion 1IM- 10m¢/L, 1IM- 20mé/L, 1M~ 30mé/L
Stirrer 400RPM
Tr 24+2°C
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B ATolM s 2FAEA 2 (AOPs) 9l dEQl TiO/UV &4 324 F=v)
Ay FAAA T = HF T 718
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Fig. 3. Effect of photocatalyst species on the photocatalytic degradation
: UV Lamp 25W, Tr=24C, pH 7.7, photocatalyst concentration : 2g/L.
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Fig. 4. Effect of photocatalyst weight on the photocatalytic degradation
UV Lamp 40W, Tr=24C, pH 7.7 .
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Fig. 5. Effect of oxidant on the photocatalytic degradation :
UV Lamp 40W, Tr=24C, pH 7.7 . photocatalyst concentration : 3g/L.
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Fig. 6. Variation of NO3 -N, NO, -N concentration as Removal of NH, -N on
the photocatalyst degradation :‘Tr = 24°C, pH 7.7, photocatalyst concentration :
3g/L (a) UV Lamp : 40W, (b) UV Lamp : 40W. H:0; 1-M 30ml/L,
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Fig. 7. Pseoud-first-order plot of COD in various photocatalyst concentration on

the photocatalytic degradation : UV Lamp 40W, Tgr=24C, pH 7.7
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Table 591 VERHSITE Table 504 K& upel zbo] TiOy/UV 3] ukL-of A
TiO, FEmFol w2 COD AA WE&=d5 k= FE5#F 1g/L, 2g/L, 3g/L
2 4g/Lol A ZHzE 0.0453min !, 0.0584min ', 0.0648min " 0.0463min 'o. % ZA}E]
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Table 5. Photodegradation rate constants and determination coefficients(r?)

calculated by first order kinetics in differdnt conditions(pH 7.7, Tz = 24C)

Conditions coD - NHy N
k(min ) r k(min ) r

(1g/L) 0.0453 0.99 0.0366 0.94

TIOy UV (2g/L) 0.0584 0.99 0.0614 1.00
(3g/L) 0.0648 0.99 0.0667 1.00

(4g/L) 0.0463 0.99 0.0463 0.99

1M-10m¢/L 0.0691 1.00 0.0702 1.00

TiOy/UV/H.0,  1M-20mé/L 0.0747 1.00 0.0778 1.00
1M-30mé/L 0.0853 0.99 0.0875 1.00
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