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A Study on the Evaluation Method of NO, Removal Performance of
Photocatalyst in Field
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Abstract The objective of this study is to review the evaluation method for NO, removal performence of photocatalytic
products under ambient air condition. We analyze the methods for evaluating the status of NO, removal performance and
consider further improvement plans. Previous researches on evaluation of photocatalytic products were collected through a
literature review of public reports and research articles. We mainly focused on the photocatalytic product applications in field,
and measurement method of NO, reduction under ambient air condition. Until today, the criteria for the verification of the
NO, removal performance of the photocatalyst under ambient air condition are currently unclear, so there are various
methods were used for evaluate the NO, removal efficiency. We classified three main methods for assessing the NO, removal
performance of photocatalysts: (1) Direct evaluation method, (2) Indirect evaluation method, (3) Laboratory evaluation
method. However, NO, reduction efficiency measured in field were highly variable and consideration of various environ-
mental conditions, such as weather conditions and traffic are limited. Therefore, to set an appropriate evaluation method for
the assessment of photocatalytic performance of NO, removal efficiency, efforts to reflect actual ambient air condition
affecting photocatalytic performance and the deriving improvements are necessary.
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Table 1. Application cases of photocatalytic product in field.

Measurement conditions

No. Location Site Application type NO, Conversion Reference
RH. Temp. Vehicles/time
. Photocatalytic coating .
#1 Aachen, Germany  Highway asphalt pavement 40% 60% 25~30°C - Wang et al. (2017)
Loreto (Ancona) Photocatalyti 1% (1 days) Rainy d
oreto (Ancona), . otocatalytic N ainy days g . .
#2 Italy Highway cement pavement 26% (46 days) (25~69%) 7~16°C 19,300/daily Bocci et al. (2016)
1.76% (527 days)
#3 Zhonghe, Taiwan Highway Photocatalytic coating  24~12% - - - Chen & Chu (2011)
#4 Louisiana, USA Street Ezr??ecta]c:ig\t/:;fe?:altl =30~70% - - - Hassan et al. (2013)
#5 Hengelo, Street Photocatalytic coatin 19% higher than control site 76% 10°C 110+ 4/hour Ballari & Brouwers
Netherlands Y 9 o hig ? - (2013)
22% (in summer; Rainy days (>50%
#6 Copenhagen, Street Photocatalytic coating 6(in su ) iny days( ) - Folli et al. (2015)
Denmark 45% (Max) >10%
27% (after 5 months) 49%
47 Winegem, Street Photocatalytic 48% (after 5 months) 52% _ _ Boonen & Beeldens
Belgium concrete pavement 34% (after 17 months) 47% (2014)
20% (after 17 months, UV-lamp)  48%
) ) Photocatalytic 12% 53% Boonen & Beeldens
#8 Lier, Belgium Street cement pavement 14% (UV-lamp) 50% (2014)
i 26% (at 30 height
#9 Bergamo, Italy Street Pho‘t ocatalytic o(a cm elq ) - - - Active (2009)
paving blocks 18% (at 180 cm height)
#10  Vanves, France Street 522;?::: ?)Z\t/lecmen t 20% - - 13,000/daily Active (2009)
#11  Brussels, Belgium  Tunnel Photocatalytic coating  <2% 70~90% Winter, January - Gallus et al. (2015)
Photocatalytic o -
#12  Rome, Italy Tunnel paint coating 23% 15~40% 23~32°C 1,100/hour Guerrini(2012)
#13  Guerville, France Building E:;?:f;ﬂ\)g;em 37~82% - - - Maggos et al. (2008)
#14  Antwerp, Beigium f;ar:':”g ZZS}:;?E)'ZE: 20% 25~33% 25~32°C 1,332~1,620/hour  Beeldens (2008)

RT iy {c& i S& 2R ON o=l s

€le



314 HallE, AR, 28T, 015, SEY

Table 2. Parameters of the measurement and NO, concentration of Antwerp (Beeldens, 2008).

(a) Photocatalytic paving blocks

(b) Paving blocks (control)

(c) Photocatalytic paving blocks

NO, concentration 0~0.05 ppm 0.01~0.08 ppm 0.01~0.14 ppm
Relative humidity 33% 30% 25%
Temperature 25°C 26.6°C 32.4°C
Light intensity 12W/m? 17 W/m? 25W/m?
Vehicles/hour 1,332 1,494 1,620
Measurement time 10:32~11:32 11:41~12:41 14:10~15:10
Table 3. Average NO,/CO, ratio for all three campaigns (Gallus et al., 2015).

Campaign All data Lamps on

(@) June 2011 (Pre-campaign)
(b) September 2011 (TX)
(c) January 2013 (TX Boosted)

(3.08+0.06) x 1073 -
(3.20+0.04) x 1073
(3.09+0.04)x 1073

(3.14£0.06) X 1073
(3.10£0.05)x 1073

Table 4. Average NO,/CO, ratio from both sites for the two campaigns with photocatalytically active tunnel surfaces and

with lamps on (Gallus et al., 2015).

Campaign

Site 1 (upwind)

Site 2 (downwind)

(b) September 2011 (TX)
(c) January 2013 (TX Boosted)

(3.03+£0.06) X 1073
(3.18+0.08) x 1073

(3.14£0.07)x 1073
(3.10£0.05)x 1073

) HEES FiGE 2700] () FF0 EEEER
o Y30 B B =2 NO, =& 7|E3ch
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Table 5. Average NO,/CO, ratio at the downwind site 2 with
lamps on or off for the campaign in January 2013 (Gallus et al.,
2015).

Data used Lamps off Lamps on

(3.09+0.06) x 1073
(3.25+0.10)x 1073
(2.9940.11)x 1073

All data
Low WS (<2m/s)
High WS (>2m/s)

(3.10+0.05) x 1073
(3.234£0.12)x 1073
(2.95+0.15)x 1073
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Table 6. Parameters of the measurement and NO, reduction of Wijnegem (Boonen and Beeldens, 2014).

(a) Point 1

(b) Point 2 (c) Point 3

5 months after

5 months after 17 months after

NO, conc. 0.738 ppm 0.718 ppm
NO, reduction 25% 28%
Relative humidity 50.8% 48%
Light type Sun light Sun light
Light intensity 10.0W/m? 10.0W/m?
Curing Without curing compound

0.438 ppm 0.557 ppm 0.85 ppm 0.438 ppm
54% 42% 20% 34%
52.6% 51.5% 48% 46.8%
Sun light Sun light UV-A Sun light
6.0W/m? 5.9W/m? 10.0W/m? 7.9W/m?

With curing compound Without curing compound
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compound) ] AHE o Hof| wEbAE Pl o] 3.3 Si%E ZH "L ALl
e A IRl 4 3l
3.3.1 Passive sampler 0|2

3.2.3 Sampling pipe 0|2 u]= Missouri2] StollAe I =2 EAfo]

A]= Louisiana Z|919] Aol = AH{SFH  o]Folxl &KL 2 O] W2 Hof| passive samplers A
S e o) 23EE 2 ?94 NO, Al Z|sto] NO,9| 5= H3HE BHQIFUTt (Sikkema, 2013).
8-8S 715}t (Hassan et al., 2013). 2010 12 Missourig= Chesterfieldol] €]x]gF A o] 1,500 ft (2F 457
¥ 209 "= Louisiana State University AT A WE  m), UH] 38 ft (2F 11 m)2] TEE2 HA 57,000 ft
ZAYE FFulf Axeo] I8 AYPS WS (9F 5,300 m?)l FEu E2E ZAFATE S8 (cross
oh ZAHEGH O 2 NO, 55 &elsh] flsll =te]  wind) Gl TE NO, 34 23totr] gloto] HH
nE FE Ango] I BEo AA & 15 o HEHE AR5, WEEel 5 AF7] (pas-
L& SHSIIHE NO, 5= 542 At B47]= X sive sampler)S F251tE NO ¥ NO, B 5% =t
F ER FXE AR O] AH|IQIY A% (stainless steel) - UE P2 23 5 AF7]= t7] 5 LAd=Hol A
& ufolmo]] AAE o] FFr] x7F HEO w5 = 9 24 W Fol diazo FAEI AR 9
Aot A-PSAHHORZ NO & QIS A3, TEA (triethanolamine) 2 Z & o] Q1= t]AT = NO,
TiO, -8 3t =2 1pro] o 8Uzt S dlo[HE & ZATUE o] F 2ol &oiAA oFEAE (NO, )&
Hlwstglom 1 Avbes F 7o) vEpilch 11 dxy, A5 54 1A (wo)ell W No, A7 &
TiO,2 B FHE A8 & Z4Ho=2 NO 5= & YolHE7] 915k, 12 inch (2F 30 cm) $1°f| 37H, 40
7t dasts Ae DS 4 Ak FFFEAF F inch (9F 100 cm) ol 3709] A E =S Aok of
Hj, &, 2% 5 I thefet Mg &S ol 30cm =0]oA 2 NO, ¥ NO B 5k AghS 1
LA =7 Al |AprF 2A Vel H(F 8), #12 A|Q3E #2~#604 BT FZu) T

Table 7. Parameters of the measurement and NO, reduction of Louisiana (Hassan et al., 2013).

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8
NO concentration before coating (ppb) 15 10 7 22 26 38 32 33
NO concentration after coating (ppb) 5 5 2 3 4 7 7 6
NO, reduction (%) 66.7 50.0 714 86.4 84.6 81.6 78.1 81.8

Table 8. NO, concentration of passive samplers in photocatalytic and control test sections (above 30 cm) (Sikkema, 2013).

Photocatalytic Control

Period NO, conc. NO conc. Num. NO, conc. NO conc. Num.

(ppbv) (ppbv) obs. (ppbv) (ppbv) obs.
#1 May 14~June 14,2012 7.9+0.57 0.92 2 9.9+1.0 5.5 3
#2 June 14~July 13,2012 14+0.88 6 3 21+1.2 1.8 2
#3 July 13~Aug 1, 2012 32+0.18 20 9 28+1.1 17 7
#4 Aug 1~Aug 14,2012 32+0.21 20 9 28+1.1 17 7
#5 Aug 14~Sep 18,2012 17+£3.6 3 5 17+£1.6 4.8 9
#6 Sep 18~0ct 10,2012 3733 16 8 32+1.8 14 9
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Table 9. NO, concentration of passive samplers in photocatalytic and control test sections (above 100 cm) (Sikkema, 2013).

Photocatalytic Control
Period NO, conc. NO conc. Num. NO, conc. NO conc. Num.
(ppbv) (ppbv) obs. (ppbv) (ppbv) obs.
#1 July 13~Aug 1, 2012 25+13 13 9 2726 16 6
#2 Aug 1~Aug 14,2012 321042 19 9 28+13 17 6
#3 Aug 14~Sep 18,2012 1715 6.5 8 17421 5.2 9
#4 Sep 18~0ct 10,2012 35+4.6 15 9 35+1.8 15 9
Table 10. Nitrate concentration (mg/L) of treated/untreated section and NO removed concentration (Hassan et al., 2013).
Nitrate concentration (mg/L), NO removed (ppm)
1 2 3 4 5 6 7
Treated section (mg/L) 0.06 0.06 0.08 0.16 0.16 0.16 0.17
Untreated section (mg/L) 0.02 0.03 0.01 0.01 0.01 0
NO removed (ppm) 0.02 0.025 0.03 0.06 0.06 0.06 0.07
#99] NO, FEZ}O] o B SHEACH, NO 5 o] 045 um DelS 53 olzetoich 797ke) %
L O] 9ol #1, #55 ALt Y] o] Bl FF e SO S8 AU Frot A4S §3F NO
of T3 A FoA ek @A Btk oF 100cm &% T AR & 107 Zrk Tio, ZREAE 7Y
Eolo| A NO, B 5% (& 9)&= #2, #4014 F=F A9 NO A7 A5 st eI 4= Stk &
o 27 2] o] Fert Hj A} Ao vlof| A et EFuf vhe-2 A% 447t w4931 § NO, o] &
OP] NOS| BF BEk 92,439 B0l YA X o) SEr} o ashe A0 Uehdth ol 3%

% A9 St vl 2] o] vl =AYbt
2F 30 cm, ©F 100 cm EO]1A 9] A Bt NO, T
+ 217} 23.3 ppb, 27.3 ppbE S4 Ao TE F=
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O}ATE O] NO, A4 452 B7Fth(Wang et al,
2017). A& 2717F 15nmo] 2 EHA2 90 m
UEHAY Tio, A7E 23 ZA4E BH
HHg I 55 5

TiO, 7t &7 &

L A4S Az 2
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0 7}.01,1:q 1]1,].7].1— HP/R] og /Jolo] 2] ogE] 1:]— E]—
olojof| 7}sfA]= 4e-S 0.2 MPa©] YL, A= 200 kg
o|tt. A2 & 30027 A A H+E Bt
A, 39 NO, Aga-E& FH7H= 1S0 22197-1 49
7 HES 7| E 0]85}e] ATt A ATE A
Hol P74 B2 A% A FE dh o) 0 gpy =
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3.4.2 ZHr27)ol82

oetg|o} Loreto A|H 2] AFoA]= Italian stan-
dard 11247 YRl A 5= 3 H-g7]9F Al B
olgato] n4E o] 488 F2u) AE] NO, A
# 45E H7Ht (Boci et al, 2016). F=H A&
o] ALE g TH A=S T} A ofATE Z
2)E & Bitumen©] 4.8% $H5-Elo] Qitt FEu)| A=
o % =7 Ao e, A WA A
2 oh2 A A, BE A8l TiO,7} B o9
Feljo] 2xolE FARSHE Aol F WA FA
o & & AE CB AMEle] TIo 7 B ARE
nEgas Bu uolt Ay 7|7t & TR B
s 5‘}‘%}: g Aljled, 1 Ay} shRel S3st=
F 19,300t Atk 71 9 4 713 Aol 9
1137 A} S AlEe] AREeE

81,17, 46, 88, 218, 527Q Fof ZHzt
AP=glom, NO, A 452 B7Iok= Italian
standard 11247 oAl AFRE= fe|H 2 74
g TS 8L A ES v B e &

o P10 Ao W] ol = 8

Wat XE 25+ 1 WimPoloh gRAA 4T 5
L0l COE &Ast, BFZRAF Z2ANA L] 20l C1S
7123t} Cot C19] Aol E o851 NO AUES
T4}, gog%@ %59} 15011*1 QAR o« gk

g5} A|7he

[o

Table 11. Parameters of the measurement of Loreto (Wang et al., 2017).

Percent of rainy days (%) Mean temp (°C)

Interval no. No. of rainy days
1 (between 1st and 2nd sampling) 7on17
2 (between 2nd and 3rd sampling) 16 0on 29
3 (between 3rd and 4th sampling) 29 0on 42
4 (between 4th and 5th sampling) 47 on 130
5 (between 5th and 6th sampling) 78 on 309

41 16.4
55 13.3
69 7.4
36 9.3
25 14.7
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Table 12. NO, removal efficiency of Loreto (Wang et al., 2017).

Product A Product B Product C
t(days)
NNOpmean (%) SD NNOpmean (%) SD NNOmean (%) SD
1 38.44 292 40.61 3.35 23.27 2.53
17 22.38 245 28.72 2.66 1.9 0.16
46 18.76 1.7 2593 3.13 0.44 0.15
88 7.6 0.49 4.21 0.54 1.01 0.21
218 6.59 0.3 1.91 0.08 2.72 0.29
527 1.77 0.11 1.76 0.1 0.49 0.09
80
TPkl sglom, AME Baete g Pl AE 5
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| - X
17& 5ol A9 1JrE‘rUr?q 2 A= AU F

Sof AE) w2 E 5 NO, A% Aol UehiA
ke olgol tstel ATAES

Ca(OH),7t H71

%9 CO,%t §Hg5te] CaCOs &

4, TiO, % F=1 244 K918 H37] Wi, 2) 4

W7t s 299) AdSEs} oF 70%2 Fot L AE
Qo) Asteio] 74, (3) e B W2 o dBY  Wrlel] PeHE @ 7] &
2 o gk FE A= Higt 17t Z
=2 S AESINO, A Ak Sl ApAC
S, ¥
ol met gebd &
EERACRE X, oIy, ATiG,
Z  APZl-mHE, NO, 2715 & TRt 8
27 vepe 4 glo.
Boll olsh F=vlie] L A= AtmEol &
g}, Yo

HiE2] 9% (@)
A2E /b=

T102 %:]%j ) o

2013). €] %JH i‘%%
7} 2% mlgo] | g Aol A, FEmlo] ThE L HE
2 AA el TR HsiA (1) U] S
ol A 7)m AR (2) 10 W/m? A
Z A7) 52, 3) FFu 24 =

GEZ O Hkg AITF SV

zo] 52 Aol

=20 7|E L9EEY 46
‘?l J%Eﬁi Aser “157} =

(1) 23E EDLQ]

8% T N0 T4

Olr oSL

zHA

[ B

91 okt A171] B4
ofsh 5o Wa 2AL 5%
(Gallus et al., 2015).

sl9) 47 ANE T} & 4
A2 o] Foj2] 1L, 2 H=

%7‘2" —1 O O)‘Qq7]}—-

ol ¥?

#4, (5

‘QFXL

el

2 A

LB X

71337, A= 27 =
1;} EEO]— 224 D}A]

o,
i
o

ke1e]

o
=
o)
HT
2
=

r rlo
o
&
i
o,
)
o

=
ik
ox.
o,

ox
ll‘
o Ipw

)
Z

e,
4> ol
N

B

b
2
o

2
o

1o
O}N 12 e
51[11
iihy
AN M o o ox

OE
i
=
1o

of |
ool

[¢]

OL
ny
ofN
o

l‘_q
=2
> H
@

e
1o

FA7L

;a
N
N

tiy
oK L

o] 270




5SSk shejehe P 28 31re] B of
3, 57 7e] 2 914 Sl webA = A Aolrt 2
A b 4 ik ATA FE0 A B 3
2 vhatshy) SlepAl A4 BEhE Hgel B
M9 WGBS TorstT, ofefat WS Wl

’Q}/HE C‘:"zol 7}*—OHO]: o]—E]— §_ T.E]- HO /%—;{%
g7} gL n % A zizbo| 1 E‘QHZ] oFo =

]_
A JERIEL RS ofele: 271

>

El o
@
me
fo
il
2,
§2
r]o
o%
rE
lo
il

m
ol ¢
1/
_>,i
e
>
i
=
>

5 Z7o] o|Folx)7] whel] 4 TRkl FE)
AN A 8 chazols1e] B} sl
wetA] 2
oﬂﬂm s B el
d

Ol Tﬁo}ﬂ, gt =

C

>
o & °1>‘
==4’
ofd
o
=
ox,
Ir
é
of
ol
o
o J
m
of
!
5 o
W
i

[e3Ne)

S, 4 18

JEE SRR
1] 1g 477t Bast

= A 1 T

0

M m
o]

d
-

e
(]

=
—

TAMLE A7 FE0] A= A & o7
XZ{Z} 5o Tl7}*———,40]—l:ﬂ-l§0 Hasiy g
& FH o2 A5ttt oy Aol
ta-8-2 wlotsly] 95 Aol

c

Z I
2 %

i

5
-
>
)

i
ol
EO]I
oy _IE o

N o
o I
H

5
~
ol
o
E
]o

o
L
N7
ofy
Z
o
2
A
0!
i

>,
i
it
-9,
I
2L
ot
_,_.

2] oro} 7} HitHo| A|ZFzto]

=0l A=

L
ﬂ%%‘%‘?‘l}‘ﬂﬂ dUHEE, 1 5 6= &

Mo@rmqﬂ[zaz_rm ofN
11 o

i, el

> 38

)

;O

v}

OL

Nv EY

a
o] AgHE 2 =
[e] = O kel

el

ste] Pl Aol FFEL nAE W
A AL, o] o §2 WS AT ALISIA B
Hhgol et QA e 3717} ok B

A9 FFol Wk NO A7HE©] 20~34% H = Z}o]
7} YT (Boonen and Beeldens, 2014), 7AJo] 4
ool et 40%l14 15% =2 % NO AZHE°] A4

E0 HZ2 NO, MZ d5 & EIt Alg| u 321

SH7| = SO (Wang et al., 2017), &
7} wiol NO, A7HEo] 7o) et oF
T (Gallus et al., 2015). A A ll37]—/]
10} 5 AE ARHE oLgstol AATE 2
%5 W7} ol 2ol Zirk. Ade] AR Bk NO,
N, 25, 5, Y £5 9 U A B
50l 9 FELE FAH7] wEel A
 B¥ =E0] 7Fsolt. shARE ThefRt Mrt £
stal MEAdo] et A7 IS &
SHA] Zote] AA| AlA aee 2 B7n AL B
71l RHAZF et

9] Aol FE 2AE ErAE =] 2
st e Hd=d Zof avE AFcke 71297t
A vk glont, AAIH Sl No, AlA & AS
APE HEZSE Aot} (Kim et al., 2014). U 9] 35
Zu0] A4 A|AQ] HRE &Aoo g AASE AHJog
AgE, F=0 AEe -5 F*Ol S7Fetoll w2t o
7] & 2422 AP s A5e 875k A7t
S7IotaL QU whehA A off &%
2 14_9_ ﬁ (0] HP/\goal- Z,\_
of ot 7459]- AR ==L
77 2 ast 7] S NO, A
QRN FEm AlES] NO, A4
Z7gohes 785 A Hi7] 20] W= o]
Tde] e A3t kEo] 7Stk 12
ol 714 o, WEF 5 T oln Al
2 242 WEAo] 738l Avte] A=A, AAA
ol £A7} 4717 i

o—.—4
40 o Hi

oﬂ o K
ki rfo

g B o_>t4 olo 0 Il

Jm
oZ:
filo

r:Lr_E
O of 2 30

!

fijo

ar

I
o
OL
X
:‘.:'=
2
o

3194 1o o
rlr qC o
I

v
o2
%
of
o
ro,
W
1

ox, 0

oy off ot

jg_!Zi

1 nE
rEoon reh o Y S e

sl
oZ”l: Hr o
IO o rhu

BA
QX

Mo

~a
-

o

e

e et

wfebA] B3 AEC] NO, AA Aol A B
TR E R EERE R
AL (1) B0 Aol 93 nlXE Gl
dhel 451, 2 ) 71E A 7t wele] AES

Soto] BARE HStD ANES B2, () A%
B} 37104 *E‘Xﬂ 97187 27 vl ot 3
o7} wastch £ @5 SAl et ¢)7] 229
WEAol 21 50| AE A5 53 Aupt 2

Aol 5 ol Fe efote] 9%

)
5y
2
)
o]
)
%

J. Korean Soc. Atmos. Environ., Vol. 37, No. 2, April 2021, pp.310-323



322 HallE, AR, 28T, 015, SEY

k.

e 2

2 AFE= A271EdTY (TAM S 2020-AE-002,
FEue] ti7] & NO, AA s B7FIH vk &

)T 20219 MSEEAS] Agor faHE AT
(No. 2021-IN-01) Y th

References

Active, T. (2009) The Photocatalytic Active Principle TECHNICAL
REPORT. Italcementi Group.

Ballari, M., Brouwers, H. (2013) Full scale demonstration of air-
purifying pavement, Journal of Hazardous Materials,
254, 406-414. https://doi.org/10.1016/j.jhazmat.2013.
02.012

Beeldens, A.(2008) Air purification by pavement blocks: final
results of the research at the BRRC. https://lirias.
kuleuven.be/retrieve/40247

Bocci, E., Riderelli, L., Fava, G., Bocci, M. (2016) Durability of NO
oxidation effectiveness of pavement surfaces treated
with photocatalytic titanium dioxide, Arabian Jour-
nal for Science and Engineering, 41(12), 4827-4833.
https://doi.org/10.1007/513369-016-2168-5

Boonen, E., Beeldens, A. (2014) Recent photocatalytic applica-
tions for air purification in Belgium, Coatings, 4(3),
553-573. https://doi.org/10.3390/coatings4030553

Chen, M., Chu, J.-W. (2011) NO, photocatalytic degradation on
active concrete road surface-from experiment to
real-scale application, Journal of Cleaner Production,
19(11), 1266-1272. https://doi.org/10.1016/j.jclepro.
2011.03.001

Folli, A., Strom, M., Madsen, T.P, Henriksen, T., Lang, J., Emenius,
J., Klevebrant, T., Nilsson, A. (2015) Field study of air
purifying paving elements containing TiO,, Atmos-
pheric Environment, 107, 44-51. https://doi.org/10.
1016/j.atmosenv.2015.02.025

Fujishima, A., Honda, K. (1972) Electrochemical photolysis of water

at a semiconductor electrode, Nature, 238(5358), 37-

38. https://doi.org/10.1038/238037a0

Gallus, M., Akylas, V., Barmpas, F., Beeldens, A., Boonen, E.,
Boreave, A, Cazaunau, M., Chen, H., Daele, V., Doussin,
J.(2015) Photocatalytic de-pollution in the Leopold II
tunnel in Brussels: NO, abatement results, Building
and Environment, 84, 125-133. https://doi.org/10.1016/
j.buildenv.2014.10.032

Guerrini, G.L. (2012) Photocatalytic performances in a city tunnel
in Rome: NO, monitoring results, Construction and
Building Materials, 27(1), 165-175. https://doi.org/10.
1016/j.conbuildmat.2011.07.065

Hassan, M., Mohammad, L.N., Asadi, S., Dylla, H., Cooper I, S.
(2013) Sustainable photocatalytic asphalt pavements
for mitigation of nitrogen oxide and sulfur dioxide
vehicle emissions, Journal of Materials in Civil Engi-
neering, 25(3), 365-371. https://doi.org/10.1061/(asce)
mt.1943-5533.0000613

International Organization for Standardization (ISO) (2016) Fine
ceramics (advanced ceramics, advanced technical
ceramics) - Test method for airpurification perfor-
mance of semiconducting photocatalytic materials -
Part 1: Removal of nitric oxide. https://www.iso.org/
standard/65454.html

Jeong, J.-H., Kim, S.-H., Lee, G.-H. (2010) Research Trends and
Application of Photocatalytic Cement Concrete, Kor-
ean Society of Road Engineers, 12(2), 25-34.

Kim, M.-Y., Kim, H.-G., Park, J.-C. (2020) Field Experimental Analy-
sis of NO, Removal Efficiency of Photocatalytic Ext-
erior Materials Reducing PM, 5, Korean Journal of Air-
Conditioning and Refrigeration Engineering, 32(12),
585-592, (in Korean with English abstract). https://doi.
org/10.6110/KJACR.2020.32.12.585

Kim, Y.-K., Hong, S.-B., Lee, K.-B., Lee, S.-W. (2014) Evaluation of
NO, removal efficiency of photocatalytic concrete for
road structure, Korean Society of Road Engineers,
16(5), 49-58, (in Korean with English abstract). https://
doi.org/10.7855/1JHE.2014.16.5.049

Maggos, T, Plassais, A., Bartzis, J., Vasilakos, C., Moussiopoulos, N.,

L.(2008) Photocatalytic degradation of NO,

in a pilot street canyon configuration using TiO,-mor-

Bonafous,

tar panels, Environmental Monitoring and Assess-
ment, 136(1), 35-44. https://doi.org/10.1007/510661-
007-9722-2

Ryu, J.-H., Park, D.-S. (2009) Photocatalytic Technology and
Research Trends, Korea Institute of Materials Science,
21(2), 84-97.

Sikkema, J.K. (2013) Photocatalytic degradation of NO, by con-
crete pavement containing TiO,. https:/lib.dr.iastate.
edu/etd/13486

Wang, D, Leng, Z.,, Yu, H., Huben, M., Kolimann, J., Oeser, M. (2017)




BE0} M| NO, M2 A5 $15 It ARl 2

Durability of epoxy-bonded TiO,-modified aggregate 0
Y 07 Epoyhon ’ 991e9 Authors Information
as a photocatalytic coating layer for asphalt pavement

under vehicle tire polishing, Wear, 382, 1-7. https://

doi.org/10.1016/j.wear.2017.04.004 HelE (HE71Ed79 71983 A7 A9
AR (B2 A RY AR SAH FI A7)
S92 (HE716 979 71 5B ATA SAA79)
o153 (8714 A7 71574 WY ATY)
519 (H2716978 71 FFAATA 24479

J. Korean Soc. Atmos. Environ., Vol. 37, No. 2, April 2021, pp.310-323



	광촉매 제품의 NOx 저감 성능 현장 평가 사례 고찰
	Abstract
	1. 서론
	2. 대상 및 방법
	3. 연구결과 및 고찰
	4. 결론
	References


