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Photocatalysis decomposition of TCE in water phase with recirculation photoreactor
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2. Summary

The objectives of this experiment performed were to determine the potential using of solar
radiation to destroy organic contaminant s in water by photolysis and to develop the process and
improve its perfformance. We used Iab. scale of recircul ation photoreactor with 30, 50, 80 ppm
initial concentration of TCE and TiO, anatase, respectively. Adsorption constant, reaction
constant were obtained and compared using the Langmuir - Hinshelwood kinetics equation.
TiO, amtase demonstrated the highest conversion ratio of TCE among TiO, amtase, ZnO and
Fe 0, in this experiment. It was shown that in case of two component system, TCE + phenol, as
the concentration of phenol increased in the feed solution, TCE decomposition rate decreased.
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PCB(Polychlorinated Biphenyl), PCP(Polychlorophenyl) TCE(Trichloroethylene), 2,3,7,8
TCDD(Trichlorod-dibenzo-dioxin), benzene, phemol 53} Z chlorinated aliphatic
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compounds(CAC) ¥ UM 414, A, AT, 5.9 o 4H) 22 dry
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2 ZAAE 4ol 485 ] g1 TCE, phenol, benzene, PCB 12| 3 dioxin 534 Z& #
59 %7183& ¥4 Y 7+ activated carbon & AHS-¥ §-2}, air stripping ¥, 322 AP
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B 5%2] A2) A - 7FX) B4 (UV-NUV-Visible) 318 9 9 2] photonof i x) & 2831 solar
thenal / photalytic reactor system (STPRS)Z| R A7t v]F, 549, o]22i4, & A9
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conduction band . M &}7} 0] E-3}o] valence band®} conduction band 7}+o}f electron (e) -hole
(1) charge-scparated pair ¥ 981 HA oi7| Wk, o] WA oi7] 8 Ao A Eedof
¥35] o] 315 hydroxyl ion (OH ")3} Atspihg-3te] 732 ¢ Ak2}A| 2 hydroxyl radical &
A9 o]PA 498 hydroxyl radical2 8- e -§-85| o] 3= TCES} 22 7]
4 B39 N r3tA 9. ol # 2 TCEE ¢ A7oA
33302 CO,HCIZAYYAIFIA . o] 43do] Fe| ZAte] o] 3to] conduction band
2 0] 58 A= &2 acceptoro] ¥ A)7%, J22) 3L valence band of ¥/ ¥ holeo] §
Al ERdof F-2 donor of WY A|Tbo] S-H3L =% 949 charge-separated pair o] =%
o] Zojo} Bt

Fa) EWolA PPl ST W71 Fig 12 B4sbd XU 4 3lew], Fig. 1
oA Biutel o] 298 3 B3I AEY A, T Slof AT 3P o] 24L
FrE ™ valence bande] holed FA] OH radical2 H-#-H c}. 4]} conduction band A
A2 i ofe] kg = H,0,¢] 9o 3] 2253, hydroxyl radical->- § £ -85 o] 9
£ 47183 B 94,
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2 A8l AFY ZoE-2 TiO,(Yakuri pure chemical, Japan), ZnO( Junsei chemical,
Japan), Fe 0,(Shinyo pure chemical, Japan)& 4133} recirculation ¥hS-R| A ¥ o] A} TCE
T 7712 EY Bl vjN & FYE w23t TiO, 9] -9 ruiile AP F =¥ o}
anatase ZF27t o] £ FEH AQF AT o) ALFHo|A(6) EAYAAME
anatase TiO, & A3 3ic}. F-E 84 99| di4} §-7) &= TCE ( Trichloroethylene,
B3-5 YT UFAIYAD, phenol(Sigma Chemical, USAYE- 4133t} TCES] QU H
74} (TCE + phenol)2] o} AR T8t A W& AA|35i o] d#A 4 HL phenol
o] TCE #-#j¢f 7|3 & 9 %-& ZAP37] Yot =9t
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Bach YAl 2 APl A AH-¢ #44-& GC system] FIDFlame Ion Detectory&
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7] o} FEH -9 A2 HQo| 44957 Y] HCIY %& 5P HOo24 TCE
¥ J=E AL P AT T8 F S ol 4479 | HCI9| 4L chloride
ion(Cl-) selective electrode (Model 96-17B combination Chlaride Electrode; Orion, USA )& 1t
27} ¥ reservoiro} W13, in analyzer (Orion 920 A, USA)o] € 7Zi3ts] A]71P2 Rel.
mVE £33t 9 mV o] R THE AP ste] FoE-& s

53 49734 8 ¥

Recirculation ¥h$-7]{= spiral type, annular type, twbular type F-olA & 4 Y AN wbular
typee] NRE-A|AWE AMS-3HiT). A& Eajof AMSE ST quarz2 A3l glon
W7 L6cm, 2|7 1.8 cm, & Z o) 15 m o]o] A& T2 F Tl YA 3
719 4l ol A W& AT Yl AlAWE 98l Batch A|2W 873
ZHE|(S5,6) N Jo]FR 0.1 wt B2 Y 3jo AHEBHQIT, feed§-o 9] B2 FZoi7}
7hs% A MekA] g% 817) 9181 wbe size 15 inche| peristatic pump & A}E-3fo] F-4-

€ 80 mVminZ -2 8tgic}t. FW L 2 1kW F metal halogen lamp & AHS-3}51.00) B}
U 3L 137 RAAA FHEEE FA17)7] A3t 18719 ol F o] T
AL 922 233

Lamp & 45-317] A o] WA deionized §-& SVA)F) WA 0.1 wt %] TiO, F FY3tL T
71 8ol Yol 59 o] k2ot X3PdevL ¥ 4 Q=% 330 o) F Y -8
S XU en] A 8z Lol o] AL JAY Fol FE MRS WHH
A5l Atk A VA7 o9 AAE PA A, T Fo) e FE A
F £3)7] Yt A B=o| magnetic stimerF ©]-§-31e] $& A &3 o= Isigid.
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Fig. 3:2 0.1 wt %] TiO, amatase ¥ MW 3}3L L4 2] &7) =& W) 7| WA TCE &5
W3e2 449 Clole =AM 3T AAF UEpdT. 2N B3
Xo) TCE 27) =71 535% ¥4 4=t mack: 2% ¢5 U0 = 3 2AF
o} 208 FEAAE C1 57} linear 34 A A= 3 IR T F 2AL A o) XA ¢
4551 o o) linear 3HA YoltA] A Yo A & F A o)7L B F3o)
ey ol wpehA 4o o daFFo] B3R AY KL 498 HA o] 23] A
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Foj1 QY22 ol A TCE ¥ 1h3-9 54 rate constant F 9 7}3}7] 48] Langmuir
- Hinshelwood A& AHS-3t3ict. -4 ¥4 13 50 A9 59 ¥4o] g, #Hurd-
L2 499 HClo] 7] Y345 o] T Y& T4 gt 7F9sts, HC1 o 449 &
X} linear ¥ 7] data & o)-83t3ict. E8 ¥hgo] YARS-oltn M@
Langmuir - Hinshelwood 2] 4)& 2.9,

-Rate gy = Kyeg Opce
7], 8 1 & TCE 9] surface coverage & LU=,
Opg = Kyeg [TCE]/ (1 + Koo [TCE] + K [cl] )

Krg 9 K& adsortion coefficient W Epu] S0} &x of A constant 2t3 7Hg 3¢l
kpe 9k - surface mte constant 231 P2 H 0] 4] o)A L o)A constant 1 71y
Lip-Lo

$1 5 4]& inversion A| A P23,

11 [Kl +5[le 1 1

Rale ~ Kpg | Koo | Ko J[TCE] @ ¥pm

28 27| K [Ol] $& Ko TCE] 3} ) 2819 24§ 4 Sich. s2bM, $1 4@ graph
2R VL kg ¥ 5T, 71R7)E Ko Sepe T |58 27 et
o) AA2HE k, =480 ppm TCE/ (min. gr. cat) 12) 3 K, =1.996x 10 *ppm ™ €9
9o} k. surface rate constant, 3+ Ollis 7} & 7t (830 ppm TCE/ (min. gr. cat.))
B 2o o] 28] 4¥l AH-¥ TO, amtase &] TCE of dj#t acticity 7} ¥-2 2%

€ ¢4 A K;q . adsorption coefficient, Zh& T 2212 TiO, anatase 2] particle size
1} particle shape 8} 377} Q1 o2 F5¢ 4 g0t

30 ppm, 50 ppm, 80 ppm®] TCE 7|5 of didte] 5 A U= 3tolA 22t R HYH

TP A et E4F RS R AL QUIA2 HH ¢ A0S
o}E data® 7 Langmuir - Hinselwood kiretics equation-g- ©]-8-8}¢] reaction constant,
k;%} adsorption constant, K, & F3}g0n, o]F Zt© 2 HE apparent first order



reaction constant, k' ( = ke x K, o¥ vl sigict. o] 232 3 TCE 27|57} 80
pan gl w47} k' 3to] 7H¢ 7|4 TCE #8571 718 2A veid 493343 A 493t
3 9Jc}
1) TCE 27)%-x7} 80 ppm Y
k, =509 ppm TCE/ (min. gr. cat.)
K, = 6.325 x 10 ppm’*
K X Ky = 0.322 (min. gr. cat.)’
2) TCEZ7)% <7} 50 ppm Y™
ke =475 ppm TCE/ (min. gr. cat.)
Ky =4.498 x 10 ppm*
Ky X Ky = 0214 (min. gr. cat)’
3) TCE 27]%%7} 30 ppm ¥4
ke =492 ppm TCE/ (min. gr. cat.)
Kyg =4.27x 10 ppm"
kg X K;g = 021 (min. gr. cat)’

6.2 Phenol o] TCE E 8] v]Xj& 9%

Fig. 4% phenol o] TEC #8o] u)2]& 9 9& ZAHsy) $ltte] FRA AN HOISE
£ 230 A3 e Rojth. TCE-$9¢ 22} 1 ppm, 30 ppm ¢} phenol & ¥7HE F
TE ¥4 35 W& £ HYE HCl o] S=F 2PGoH Yof Wit of
Fig. 42 36| phenolo] 8<fo] ¥-3J 5o} nje} TCE #8) F=7} WAstA Astslz e
R& #34Y S Utk o1& TCES} phenolo] 84 FohM M2 FPH o2 Fojet o
gl 2ojst7) W)Lt phenol #27} TCERe} BA TiO, E o] F25]7] £l
Rez 3490

6.3 TCE ¥8jof jt ol & 3}

Fig. 5% TCEE TiO , amtase, Zn0 12| e .0, oo wetA] JxAL A2 $4is
t ¥ Y Aot Fig 5elA Bt ulel3le] TiO, anatase?t ZnO R ,0, BT} 5
U F2A AT R AP $0 0 Rl 8E e 93& G5 T 2 9
f= TiO, anatase 7} & 20| 2.t} photon energy-& 3 #5731 solid ujo] 4/ eletron-
bole pair7} 58} W} 2| OH radical %/J-§ %A A A chlorocarbon o] E-3| F §7] wWl¥o)
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AA e g3 7)ol TP recirculation YhGA| AL A3t YAH o2 P& 4
SV EE ARSI AP FEH0EL0.1wt % F2| TiO, amatase, ZnO 12] 31 R ,0,5
o5 59 AY=7 oA TCE ¥3of diste] bawch Yef o] ¥hg A|2H e 342 vl
A|2(5, 6) TiO , amatase7} 7+ ¢ Rl E-& BTt I3 7|20 TAR 9
/§¥#-A) 2" TCE+ Phenol & 739 phenol®| %] TCE #3-&f v]A= 9%-& 333
¢l phenol?] o) F7Hgr% TCEY] Fall o] At & RSt oj= R AY
Ago] A Fof2 $F UYL U NI H o2 PG o F oI

30 ppm, 50 ppm, 80 ppm ©] M7}2] TCE &7)5-%of thdte] $U AU 2T slojA #34
-2 43 3 73} Langmuir - Hinshelwood kiretics equation-& ©]-8-3}¢ reaction constant,
k 2} adsarption canstant, K ;& 319 0 0, o] & 2} & -] apparent first order reaction
constant, K' (=kyy X Kyp}® B2 2Hgic}. o] 23 TCE 27) 557} 80 ppm Q) w7} K Zhe]
7} #AM TCE #4571 713 IA vebd 493348 Z 4932 o

ojeiito] ¥ ALAE T A5 718 B8 A A2 AgL 8FAL
U2 HEY A7) 383 o] Ao FEUE 5 ok P37 g
I FA A A oA 71 F 2 52 AL AT o] H B F o= A
ofi Y & o] & AT ¥ lampF B-E3to] FAZE JAE T+ A

* 70t £ A 7R3 )M Akl £98 S7e YL o] APARIol AW o
71A) ghot 341 3471 BAZ of 2 EA ZA= Y,
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Fig. . G_eneration of primary radicals at surface of irradiated
TiO: particles in aqueous solution.
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Fig. 3 The HCi concentration changes as a function of )
dfumination time of various iniial TCE concentrations in

2 v
the recirculating reactor ining 0.1 weight peccent O‘ ! ' !
Ti0y anatase, ' O No phenol ’
i # ! ppm phenol :
i 7 30 ppm phencl i
- 6 3
Y ! b
& i
= | ;
.% i {
2 - e * 4
R 2 :
B ~ ,/r |
£ Yol o8 |
5 = o
2 o ]
K
- i
i
2 e pio] el 33 3¢ 8¢
Time (min)
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Fig. 5 The HCl concentration changes as a function of
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