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Abstract

Recently, soil vapor extraction (SVE) has been widely applied as in-situ remediation
of groundwater contaminated by petroleum hydrocarbon. In order to prevent contaminated
gas emissions, the pumped polluted gasses were adsorbed by activated carbon at tail gas
treatment unit before their release in the atmosphere, which prevents the pollutant gases
being discharged directly into the atmosphere. Activated carbon requires expensive costs,
problem of adsorption over-saturation and high energy consumption so that it is not suitable
for SVE method

In our study, utilization of visible-light-driven catalyst developed to degrade SVE
process toluene, then the remaining exhaust gas is adsorbed by activated carbon. Compared
to the general photocatalyst, it not only saves energy but also reduces the amount of
activated carbon in the traditional method due to the use of the "photocatalysis module +
adsorption module.” It significantly reduces the cost of treating exhaust gas and the risk of
air pollution. In the first half of 2019 years, we found that the pre-adsorption module may
have a short-flow phenomenon inside and through the ANSYS software for internal flow
field analysis. The results depicted that there are short-flow phenomena inside the early
modules. To facilitate the adsorption of activated carbon to reduce the short-flow
phenomenon inside the adsorption module. We have redesigned an adsorption module and
analyzed its internal flow field via ANSYS finite element analysis software. The results
indicated that a rectified version has been added to the redesigned module, so that the
module's internal pollutants can be effectively diffused through the rectifying plate into the
adsorption module.

We also conducted the actual pollution site in the first half of 2019. The commercial
module can now be implemented after discussion with Taoyuan EPB, CPC Corporation and
Xinye Technology Co., Ltd. We are expected to insert the completed commercial module
into the actual site in the second half of the year and find that the removal performance
could be achieved to 95%, which the treated gas could be lower than 0.8 ppm. By means of
a real data test to evaluate the efficiency and cost of the commercial module, the
commercial module is expected can replace existing SVE exhaust gas treatment equipment
and reduce soil remediation costs.
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§ R A BRPRE SR 2 3 IR § "f FEEAR

L Y.
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A SVELE RILIAI* E 2 f >R GFAMNIEY 2545443 Er >3
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riET R BIFER 32 -
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gradient) » :&m % 8 2 3¢ NAPL Z 3 f#> 3 i kP 234 4L % » 2 1345
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Lk S B0 5 R A of R KRR O ¢ﬁ¢%%@ﬂ 7Y
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AAPERT b TREEL miT FIFIT o A WF LY AR e TR
RN ARE S o 3 MIVHMA L e 0§ LNAPL B4R R B ehib 1S o
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HF T PE A PIDFID ~ 1 FHFBEEE > EFR
# s 0 2 F kg m (impermeable cap)

Vacuum Relief Valve

Moisture Separator Inlet
Manual Starter for
Hazamlous Locations

High Level
Inlet fir
Shart-Off Float

‘Contaminated Zone

B 3.3~ % L SVE & %ir & W

2202027 3p = 09:42

—b{ Gas Dischame |

—>| Fume Incineration ‘

—.{ Ccatalytic Oxiumion|

—>| Carbon Treatmemt |

- BIE B B SVE FAR A B 40 AN T e R 2 AR 2 R

B AT A P AT L
FERi
ek i i E (inlet air filter)
dt o ) § 2 (discharge silencer)
F R4 FA 3 (moisture separator)

7 =B B (level switch)
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6. Hi KR FRMMEY BRI iR FRREAIR R R

-~

B34 ## 482 SVERK L& 2 F

343~ SVE & § g2 2
%‘747%% PITR e 2 3 F MRk F RIZE R (dod 3.6 1) K f IR

WEEGG Y E S FREF 2 S SRR MR (GAC)B M E B SN (TR o e d AN AR IR IR
ET27mqpdlid ¢ 5 23R T2t e b e i F A% ¥4
FHZFAAPFIR A ERKS 22V ET pFF A E a2 gdl2 T £
FET LN E WA RFERETHLFLREF AL RS S E T EY

BARW2ZFFAAFERERE LI BFLFPFTLPFF T FE - F L0

L 2 PRk > % kA AR A B 3 0.5 ppm ~ 2 ppm £ 2 ppm 5 7
g 2 B 0 35ppmy 2 VOC 17 F 18 {7 AU » & & #idih & 2 3 M h i & F 2
JELIE - i 5 I N A
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< 3+ 2,000 ppmv O AE (L E R
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<> 35 ppmv OB APt
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BITER MFEERRE S Wﬂﬁ el mEL kG ERMES 0 LER TR 2R
L Hps 3@*%%%‘3‘;%\: AL b BRI S E R
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35~ kLt REF[GAH

I - AAERPRET > p LA AR rE LRET R R B ;‘Ih\%t
ik 8% J chE S F o RGP S o R A A F Lo T S AA
SRR F VA R SRR M T R AL AR d A AZF pd ARFEE
T n‘vﬂ%:}%%ﬁ"fl A AARS P RS T E T [6] o

% fg 4 [ Photocatalyst) #_sk [Photo=Light] +7§ &-(ig i #|) [catalyst)] & =3 -
RPPHAE - BAKNRET > L AAR  frE BB R R B R
FUr g R Ao bk ik L P EF BTN R kAL BIVTEY R ¥R F
FAkA S HESIEEF 4 OHZ Orpd fas o 557 A fasrd 4 ek
B IO RFFTEILEWPH T2 Tt F oo m 8 pARJFHTE P 3
S RAG B S R

LR A S A n A2 M (5 5 TiO2 R T B L) FRE G R
W EHNE ‘5#?01#*‘% | i F S T A %(Valence Band > VB){= 3 (Conduction
Band » CB)z. & 5 +.— ® £ 7 (Forbidden Band > Band Gap) - ¢ »t 2 g8 sk ex »]z@ =
BHFHE G S K= 1240/Eg(eV)rr:Ff£ o FREr TR L R E R B
AR RS o FRINEFHETEMA R EPERH L EWE > LEWOGF T
%;‘ A FEE YR AERINEF KA AL KT I (@)D () o LS A
PARR AR R RY SFETF A ALY fHSF o on TR AR AL G E 3
’\’éﬁ—*ff}\sﬁ txa g pd LomAgy fHFIfca y pd ARG Py L ik
&= ?ﬁt—mr Wi t1584%5 COfr HO» H 3 - & &84 i ik~ f2[7] -
B 3.5 % kit RIZHE -

FOT L R R X EMAOR B IR T B R R RN 0 Aot R
PR S BRI O VALEH I RT O RFALBRREY Lt o F 3.6
AE I ¥ ,,brbrwm\' Bl o 4ot it o = § it gk H e dofide e % 4[19] -
d B 367, - F “4xAPH=7" 43%"7 » = zsksm (380nm:» 3.2ev) #74 4 2
TFHEF LT '“#E%*“*ﬂﬁi 1 (SHE) % +253V 4k iz R F & k42 F > ¥ A
4a51pd A (OH) » R Forepz F “BR T 2P Fez | 30+253V > d B 3.6 7
el TR B A F AR A2 F i 4 s LF (4207) 0 LF 0 wHF LA
© B %?fﬁzf%—%i?“f A7 w0 = F bkt (s > PR w0y b4 o
LTI TREAFILLE T A B R T2~ o

—9

[llumination : TiO2+hv — h™ + ¢
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Oxygen : 2H20 + 4h* — Oz + 4H*
Peroxide : O2+ 2H* + 26— H>0»
Superoxide : O2 +e"— Oz

Radical : HoO+h* - OH - + H*

B 3.5~ 5 kigit h 2R

vs. SHE
!
© e - -1
0520 € A
045" $JTiton = Oy
LE & OOy (02X
- U* 0 oymo;meam
+0.28; Fﬁ(’.\""""'uﬂ.\tl
L +1 0’":‘)(0“"
| " HyOyH0 (+1.3%)
' e 22 OyHO (+247)
+2 5% COHM O 14 2.27T)
he h® - 43
(pH =7)

Bl 3.6 ApH=7 e BaRe » v 23§ it &kdmz i CBRRFR
351~ kv gR
P 1967 AR R A A R A EFE T A DB RRBER - b- X FEHR H
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kP g CAE S RET CRARN > BREFRRBEAL[ES T F rd o2 ek
®% T4 %-%§»%  (Honda-FujishimaEffect) & B &30+ > 3% L4l &7
ooy BE g EREF-—-A 7 1 E X FHRE A iE- P F[20] -

d N JRei b end §RGEF A fRF oo PN RME- R Y g M ARfLIER
FRi-c AR AP F RN ER L VR O NF R ERN A ROT R LA HF
HATR Ry FH LR Fphip - P IT LR Y e BE R 2 E R 5] PR
Bd WRILPAEFEFPEI S DL F 0 T IF AT ROBR ST RZF R T
P gt - PEIS iR TR OR [21] -

1992 # 5 - S = § (CACRFISRFF G e £ BT p AP BT A
SMATRIRTIAL > TR R F F L EL R Nk o T 2 5 (LA
h% JHcp B F o B U SR @ PR E A fech AR~ B I AAE R
FRECF T2~ PG R RIGR R [22] o gt F A BRI R BT s 2§ E
LS AF I PP B AT 7 A& R 40 0 81971 & 3 2000 £ 6 7 2§ 10,717 2 sk gcdp
B e 2 F 4 TiOp RfRuLenR il > 85 A PF R F R R i
Bl g8 o

Az &£ & 5 100k 5 Mok (Micrometer; mm) 109 4 AL 5 2 (Nanometer nm)e
R Hite Bed Bl EBRE » Z AR e 2 M d Ko 1-100nm < o] e o0t
Ao SRS Mt R I A i IIREFRLRE S A RFF AR
B[23]° fidm xR RIRESA R 2ALF LA TR E o Fa B IED
c BB ARG 0 R AR RS s e T B EER T R o I 2 R AL
BT AR EE24] ) FE AR A D AR R 2 R e eV TR R
Jeic & 0 ML PR R e gt EH N RBEFREY L o @3 TR AL
el KOS ST A BT HF 0 E PR % [25]

A F MRS E - BARDRET > p YA T NREMER R
e B ﬁﬁ@ﬁ_.fnm%@ T ¢ % F o TIO BfPL-A = Bk 7 % ek anpe st
TRALIF R L B EAJE PR R ZF T iEY [26]
352~ LN

PR AT g e R S B T A n AL ERE L e
4E(CdS)~ = § 1 47(SN02)~ = § 1t 4x(TiO2)~ § - £:(Zn0O) ~ Fr f* 4(ZnS) ~ 7 1 4(PbS)
= § 1 49(M0O3)~ 45 fe 44(SITiO3)~ 7 § i+ = ﬁrﬂ—(V205)‘ = § L 45(WOs)~ = # f“{cﬂ(MoSiz)
£ oipt L g TiOp~CdS~ZnO i it ;A5 B » & CdS~2ZnO % JcFKc’»EEW%
FliRkBEEE Fas 22 C~Zn?s g {4y 44 @R T[27] -
TE3T A ALE NS GE o

L
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pitleda AET I ABEFR L Tih3d 4sfodp g rad o ¢ @y
R R AR & TR G T 3d s o F AR L S E R
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v
20 4
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i; 0 - i - f_ ™ — l— \b,ol OF:"O
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< > _r_'S_ng.‘__ SAJ T8
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SHOL T ARt N A4 A SR A B R A X E S de A3 R RS R
Bofir S8 s8Rl 57 258 ¢ R PHHE[T] -
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B85 R DR § 5 £ BT B B P 2 e 3
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oz F godF g B G R R 288 Ko vt o AL E F cn 600 K 10 3F § g gt 2 dh

ﬁ*ﬁﬂﬁﬁﬂ*ﬁPﬁﬁ%%%*%ﬁﬁﬁ’wrPﬁm$ BHALF T 3R
dehg HpEE - A AN AT O BHESIEWERR S AT A K & B

FRRTE BFApE Mo BREG LA TR I [31] -

A AR RIS A ML ER - BHE FRIEIEF AR H 4G
RF b RGO GRE o BREF A L EAF 0 T A AT B RE R
< ihdom EE[32] o FlE A G R BRER A T AT R R S PFH A o

EAAG R A BE LG FH PR IR A LG BREAERY 6 o
S E ARSI Y G ARG D §F ARSI et T R
A EAG (ST ARAREITE 0 0§ HEEMR T AR N B

TRA I, A H RS A + G Y E o S s B A R
o R AR kT RS €7 PR SRA[G]

354~ = § & BABH

S F 43 3 & Al 0 A ] 5 4st Fh(Anatase) ~ 4 = 7 (Rutile) ~ 4 4 7
(Brookite) - iz#t Bk B > H oS Sk A H = & TiOs ~ & % (4-F] 3.8) -
T B W At £d TiOs N G R @-t’ g R E e A 2 (40 3.9) - 4
SR & HE F LR AR  F E AP AR T E AP 0 2 500-600°C - 4
R ST € %‘* LT g ke %#5 c 2 tp B G 2 AR R Bl
£ F35mmut EERLT R REFHELIIMIM YT EEFE T DR A F4
% 2 11-35 nm # [%I P A AE LA

§ 1t 45§ v (grain cell) s 415~ st TiOs ~ 6 4 Hde v i 42 5[33] - bt T3¢ 1AL
d TiOg ~m M2 fed s g_ﬁ}friﬁﬁ,w%ﬁﬁ#m HFd TiOg " f&FEYr &8
T o FHBFEL T UFRE- e a WM A P EHR LS B KT
RN G B B A REFHTr LR ¥ Lo F3.10 FEHIE L F
WS mE -

=N

|
)
3

4

3.8~ TiOs ~ & ¥4
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(a);é‘i’ff'x, (b)3% TH %5 7 5,

B 3.9~ TiOs ~ & 1 45> 3¢

[010] [100]
\\

[001]

Anatase

1.966 A
102.308°

[001

[001] [010]

B 3.10 ~ 4R4x 7 (Anatase) - £ ‘= 7 (Rutile) s, %8 % ]
355~ - F 1V4ba 3T R E LR

dars § i ﬁmm Mg (3.20V) » s A H ok k(LK | 387 nm)ics 4
84kl AT R T Bk %k k(R Rk X) 5% @ 7 A b 61480

\\

fe‘ =% l“ﬁxmf,@? [33] o & Hagk i cri | E ¢ A TR L Ak 0§
+ 1R %ﬁl&r’?}‘ CAREA R EF o PR AR L A2 RS R o gk
RFEZREF - TR BV pd B RARLITIEIRJMIRIREFE 0§
R OEEA G b o k2 T F o N[ E A & T [9] o Tl ek 2
PoonF o £ o &G 10 RFEHRF Y AL LRI A ahg o iE o 1%
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(1)1 » ¢ R i s %= § i gkchin I

S hd B EBAEAdRS oS § CALEY TiggT cdius i d € o
RoF P AEFTOTH O RAKEE o n R § M ARz Ak Tk
Ao A RAERIEBFT LLDEE o ¥ - B g IEHTF e 4 e s
S MEOEFAFAEH O PFTRF L ATEIRR B A RANHEF o &
- B AR AFBRE e §F ST LS HBRM SR A F M
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