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Removal of Organic Substances and Nitrogen in Sea Water by Fe-TiO2
Photocatalytic Process using UV LED

Seung-Nyon Kim

Division of Earth Enviromental System Sciences,
Major of Environmental Engineering, The Graduate School,
Pukyong National University

Abstract

In this paper, the removal of organic matter and ammonia nitrogen in
seawater is obtained through photocatalytic reaction. In this study, the
catalytic activity varies greatly depending on the kind, synthesis method,
and concentration of transition metals. Therefore, Fe is selected as the
transition metal that causes the maximum activity of the catalyst for
removing organic materials and nitrogen, and Fe is added to TiO 2 in the
photocatalytic process This study was conducted to investigate the effect of
organic compounds on the removal of organic substances and nitrogen. In
order to investigate the removal efficiency of organic materials and ammonia
nitrogen, optimum conditions of UV LED reaction time and Fe addition
amount as independent variables were derived by reaction surface analysis.
TiO2 was fixed to the reactor at 300g/L and LED UV lamp with a 365 nm
was used in the experiment. Experiments were conducted under the
conditions of Fe of 01 - 55 g/L, reaction time of 10 - 70min. The
removal efficiency of organic materials was 39% and the removal efficiency

of ammonia was 24.9%.
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si@tt(Jung, 2012). w27H4, 443 4hshd,

EAsA] Fete MolA 7 dE Abgsta tkLee, 2014).
FE) TiO= 3.2 eV o)de] dUAE 7HAAl &

23 AUAE 7HAA He= 8o 32 385n

S E 437171 AR Ao HAUuAE FFsk=E @A7F Aol olE
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2.1.1. 4o FAF FREA

Sos”, Mg, Ca”, K%, HCO™® % Tha¥d o2 fo] A3l o dRsxd
93] H7IHMEE7F Eohshim 2009). Ry AihEs &2 AE 23]
HAEE F8 A4 gARIECH, £F 2447 FES 49 R A&

FE A WA 80| "k YEUolE ojAld HEo 542 4
Ehied @302 oprtel 3§ F7k EFAT S, 3L A4,
Hol e 4 Sol UE @5 glon mAHos »=2dX

SFAGA L £ 9 #HA o]24 dti(Park, 2014).
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23 3= W3

2.3.1. FZv2 A9

L FA4FSH(AOP: advanced oxidation process)2 O3 &2 H)0,3 #& 43}
AE AHESEAL o] H 3 AFstAo] A& ZAVSE AFE 3 AbstE S THAA|
H& 38EQ] OHEtHZ S S AAEEE A8t frled=3S A
A + F7Ao]tHKim, 2005). OHz}HZ A S Ststetr] 913 374
SR F, WL, ARG, Fgze, FE0 Fo] vk ATl B

Ashe oe nEAE FHNA AU A5, A4 - 55 A, FRAE,
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thE 2 ¢l FEuj 2= Zn0, CdS, WO, TiO7F Qom | o]FoA o]A3}E]
F(Ti0)2 2HEC] w1 WAL, 2HE, Mg 5o 35ta gHo] ¢
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stANE Zn0O, CdSe HS FF3tHA ZFu) Apilo] vlo] &7t =Hof fafgh
Cd, Zn o]&o] A== ©Ho] k. WOE EAZEA thaflAvt FZFu] &
o] F1 UHA = TIO, ¥Hg F&o] FA ot AT e d9e] A8 H
o AT TiOe WFEEY F71ES 4SAIA CO.9 HOE  #38l $ohKim,
2005).TiOy+= A== wle} amorphous anatase rutile brookite®} o] 47}A]
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HZ Usa Ao, anatase= 12719 ZHA mAg T 417 62 ZHA
63t Qom, Rutile ZWA 27, Brookite:= 3717 =A8E 283}
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= Zol¥d Rutiles] 255 WS uw tA Anatase® Eo0} QX X3},
oju] Anatase’} Rutile Z Ho|3tE &5+ 400~650C A== YAIA Fe
Aoz dHA ) THShin,2006).

A TiOo &8 £ T, =4, Sl wek 22kx7] wEol A

Lo

2 A&l anatase®l a-eAbo] rutileo] RH A
<o wol 7} ®o] AEHTHKIm,2011). 1El1
0%, Rutileo] 30%7} 41<! DegussaAte] P-258t+= &3H4+o] TiO2 A

Fol FEs| B&o] o dHA Atklung,2012).
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FEoje Au ARG 3@ AsEE AUR Qe OB e YA

7FA] 2L ) TH(S0,201D).

FZu) 43k TiO2 Wl Band gap(ef 3.2eV) o142 dAlUAE 71X & 3
7Rl 400nmel/de] UVE ZALS 7% TiO, FHol|l HA+= Valence bandell A
Conduction band= |7} LojuAl HaL o] & <lste] Valence bandoll+= hole
o] AAHY. AHHE holedt A= TiO; ERWO=E &4k olF A H=d
TiO, 9ol |F2" Eolv OH7F holest whgstel OHEiH Z & A4 H o
TiO, £H 9 frl=d5< &alistA = THShin, 2006).

TiO, + hv — TiOs(h'vg + €7cp)

o
b
rlr
i
M
2
o
iy
i
gﬁ

TiO, o &4d oA AAFE holeo] 4t3}o]
o OH &4 Z& JAsHA 9ot

T102 (h+\/B) + Hzoad d TiOQ + OHad + H*

TiO, (h+\/B) + OH,q — TiOy; + OHyqg



Conduction bandell A= A= AR A} Z3sle] Superoxide ©]-2(02-)
< AAdstal 99 Superroxide ©]22 &&Ae} Ajdte] OHepo|Z34 4t

5 oo} taE YA

T102(G_CB) + 0Oy = TiOy + Ozo - +H" —» HO,

202 <+ 2H20 - H202 +20H™ + 02

H202 + €cg OH + -+ OH

718 SuEdA AF 48t AY OHelH Zol| o84 4Fs)= t(shin,
2006).
TiO (h*yg) + compounds,y — TiO, + oxidized products

OH,q + Compounds,qs — oxidized products

TiO, (h'yg + €cg) — TiO, + heat
TiO, (e'cg) + OHyq — TiO, + OH 34

g0 HhgAe gryolE Aalgd o g AdlyE FE=u] S Qo3 A
o]tH(Pollema ea al, 1992).

TiO; + hv — (TiOy) + h* +e”

NH; + 2H,O + 6h" — NO,” + 7H"

NO,” + H,O + 2h" = NOs + 2H"



24 F=5m9 =3

#E0] TIO2E 3.2eV ol 49 oUAE shAor 4L A olH@ oY
AE AL e 38im Foel A9H Golth BEulE B 9
stof Wad A4 Goqel WoluAE FFsHE @A A7) W) o
S287] iste] Be ATEe] AW o] Qor oNF 43 F FEv|o %
Wz 727 BEde] BAd 2AFEL WAL Aew JERTHSO,
2011)

il
|

F&o0lLe 53 = F4 7+ Cu, Co, Ni, Cr, Mn, Mo, V, Fe, Ru, Au, Pt
T I 2L Holg&F7t FE AEET 550 538 FFue AA-AHF
ol APRST AATE g&50 8 o]t AA-AFY ALl AAHHEA
AES AFEA HEA FHOR o]Fate 4Fs whgo| FostA HArt TiO,
Hoh & work functiong Zk= %0 =3 FHHE Tiol 3d &89 Hdola49

d 297 45 7HdAtet At £9 Abold 549 #H=2n] EH47F &
AetA ok ol 549 HE2n F97F TIOe] Axo B @ F9d 9
A A HH H7]stetA] ZRIA oA Zpo]l o8] bR A o 7]HE Mt

= w59 dHz=zn E897F ol sl Hoh olZA &7k TiOZ2e] wHls] 3ol
Z BelvAE Fga M HY HA #ol(red shift) @] dojuiA =
o SAIRE g0l TRl mEk gt 540 HHHEA 35 SR o
& Adde nEste] Fase S AlZF A So, 201D.



(Response surface methodology, RSM)
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Table 2.2 In the case of two indeoendent variables, Centeral Composite

Designs.
AHNE T, Ty W&
1 -1 -1
2 1 1 [JN4d8A, ZAH
3 -1 1 (2F =22 =47))
4 1 1
5 @ 0 .
6 -« 0 =3
7 0 @ (2k=2x2=47))
8 0 -«
9 0 0
10 0 0 A
: : 3 (n.7N)
8+ne 0 0
@0
I
- T -l
( )‘ i Py @51)
I\
._ T — ——
I *{0, 0) e 1
| o
@ | *
-1,-1) | d. -1
$-C

Fig. 2.1 Central Composite Design show by a diagram for tow independent

variables.
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3.1 Fe-TiO; ¥ & vl 374

3.1.1. TiOz ¥ Fe 54

2 A Aed FFue A Fag EdoH
AHaty 58ty IS A e TiOE
ol, EdATANA T3 Xo] A4 Anatase 70%, L2/ Rutile 30%=
o] ¢t =Y Degussad] P-2541%&

9] Iron Nano Powder(Fe)E A}-&3}%th.

Fe-TiO2 & &d& A=xstr] 98ty TiOo s%

300 g/ & TAATH Fe AZFFEE 0.15 ~ 0.58 g/L=
$Ue f Wexe MR Edo] nEJ IYHAL
7 AET F BE) BeED AEIHAT

Table 3.1 Characteristic of Photocatalytic(SHIND).

o -

=7 ;AL 740l

ALt A T TiO= EZHH)

=%

Ab&3A T H71E 2l Fex Deahwa

AR B3t
cPsdc. £Fd

, 105C Ax=EofA 24]

| —
|

et

T

Parameter Unit Value
Specific surface area(BET) m2/g 50 + 15
pH(4% dispersion in water) 3.5-45
Average Primary particle size nm approx. 21
Tapped density g/L approx. 130

Moisture wt.-% < 15

Ingnition loss wt.-% < 20

TiO2 Content wt.-% > 99.5
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Fig. 3.1 Schematic diagram Fe-TiO, photocatalytic reactor.
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Table 3.2 Experimental condition for the photocatalytic process.

Fe Raction Time
e (e/L) (min)
1 46 60
2 1.0 20
3 2.8 10
4 5.5 40
5 2.8 40
6 2.8 40
7 2.8 70
8 2.8 40
9 0.1 40
10 2.8 40
11 46 20
12 2.8 40
13 1.0 60
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Table 4.1 UVyy removal UV efficency of Organic matter in Fe-TiO,

photocatalytic process on each case.

Fe Reaction Time UV UVasy
case (g/L) (min) (cm™) Efficency (%)
1 4.6 60 0.2118 30.9
2 1.0 20 0.2715 114
3 2.8 10 0.2646 13.6
4 55 40 0.2506 182
5 2.8 40 0.2255 264
6 2.8 40 0.2255 264
7 2.8 70 0.1847 39.7
8 2.8 40 0.2255 264
9 0.1 40 0.2262 26.2
10 2.8 40 0.2255 264
11 46 20 0.2617 146
12 2.8 40 0.2255 264
13 1.0 60 0.2012 34.3
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Fig. 4.1 Contour plots of interactions of variables Fe (g/L.) and Reaction Time
(min) and its effect on UV removal efficiency (%) of Organic matter.
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Fig. 4.2 Three-dimensional response surface plots of Fe(g/L) and Reaction
time (min) and its on UV, removal efficiency (%) of organic matter.
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Table 4.2 Analysis of variance for UVys4(%) of Organic matter.

Term Coef SE Coef T P
Contant 26.2943 0.8357 31.465 0.000
Fe nano -1.4346 0.6427 -2.232 0.061
RT 9.2147 0.6427 14.338 0.000
Fe nano*Fe nano -2.2427 0.6510 -3.445 0.011
RT=*RT -0.2490 0.6510 -0.382 0.713
Fe nano*RT -1.6650 0.9369 -1.777 0.119
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Fig. 4.3 Removal Rate of Humic acid with 0.1g/L. Fe Additional by Fe-TiO2
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Fig. 4.4 Removal Rate of Humic acid with 1.0 g/l Fe Additional by Fe-TiO2
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Table 4.3 NH4-N and NH4-N removal efficency of Fulvic acid in Fe-TiO,

photocatalytic process on each case.

Fe Reaction Time NH4-N §H4_1:l
case (g/L) (min) (mg/L) Effi:;(()::l %)
1 46 60 0.817 1835
2 1.0 20 0.839 16.12
3 28 10 0.884 11.59
4 55 40 0.861 13.86
5 2.8 40 0.794 20.56
6 28 40 0794 20.56
7 2.8 70 0751 2491
8 2.8 40 0.794 20.56
9 0.1 40 0.907 9.29
10 2.8 40 0.794 20.56
11 46 20 0.839 16.12
12 2.8 40 0.794 20.56
13 1.0 60 0.773 22.74
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Fig. 4.8 Contour plots of interactions of variables Fe (g/L) and Reaction Time
(min) and its effect on NH4-N removal efficiency (%).

Fig. 4.9 Three-dimensional response surface plots of Fe(g/L) and Reaction
time (min) and its on NH4-N removal efficiency (%).
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Table 4.4 Analysis of variance for amonia(%).

Term Coef SE Coef T P
Contant 20.6947 1.0980 18.848 0.000
Fe nano 0.2906 0.8444 0.344 0.741
RT 3.3935 0.8444 4.019 0.005
Fe nano*Fe nano -3.4406 0.8553 -4.022 0.055
RT=*RT -0.4745 0.8553 -0.555 0.596
Fe nano*RT -1.0990 1.2309 -0.893 0.402
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