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ABSTRACT

PURPOSES : This research was a fundamental study on the application of an integral TiO2 solution to asphalt concrete pavement. The
integral TiO> solution was produced in pilot production equipment; application of the integral TiO; solution to asphalt pavement was conducted
to examine the pollution-reducing capability of photocatalytic compounds such as TiO». The photocatalytic TiO2 reacted with air pollutants,
converting them into small amounts of relatively benign molecules.

METHODS : In this study, laboratory experiments were conducted using five various testing methods. Tensile strength ratio (TSR) and
British pendulum test (BPT) were conducted in order to evaluate the properties of asphalt pavement subsequent to the integral TiO; solution
coating. In addition, methylene blue testing, a measurement of nitrate on the coated pavement, and nitrogen oxide (NOx) reduction testing were
conducted in order to evaluate photocatalytic reaction. Lastly, a UV-A lamp was used as a light source for photocatalytic reactions.

RESULTS : Test results indicated no change in the properties of asphalt pavement following the integral TiO: solution coating. In order to
evaluate the performance of asphalt pavement as a function of TiO2, the moisture susceptibility and skid resistance were investigated. The
moisture susceptibility and skid resistance satisfied there quirements related to pavement quality and safety specification. Furthermore, the effects
of reduction of air pollution were significantly improved as determined via the methylene blue test and NOx reduction test. The TiO»-paved
asphalt specimen exhibited approximately 43% reduction of NOx.

CONCLUSIONS : This study has suggested that applying TiO> rarely impacts asphalt pavement performance measures such as moisture
susceptibility and skid resistance, and that its application may be a better means of reducing air pollution. Further studies, such as proper TiOz
dosage rates and compatibility with various pavement types, are required to broaden and generalize its application.
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Fig. 1 Contribution Rate of Nitrogen Oxide
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Table 3. Adsorption/Desorption Plot of Photocatalysts
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Fig. 5 Asphalt Specimen for British Pendulum Test

4.3. HIE#HEZ(Methylene Blue) &8
SR Fetdu|do® Az 8 7 o
HMefo g 7 Hol= A o]Qfof Akg}-2hed W32 A
AloFo 2 ARGETt 7] A o g ISR 48HSl ot
HAS T glout Fukgo] dojuw Frgsixict,
kS0 A Leucomethylene BlueZ2 WHEHE7] wfj&
ojch, WEHHEF EafHol ot F5v B4 Hd
N e ¢l AAE At B4 EH] =xH F
Sl o] FEul Y-S AP 4= ok 2 AP JISR

1703-29] 7+4 % Fine Ceramics — Test Method for
Self-Cleaning Performance of Photocatalyst
Materials — Part 2: Decomposition of wet
Methylene Blue2] Axto] oJsto] Ad-S Xegsteict,
MEARE §OUS o2 YA glo] FRAE A
g3tel 2mg/Lel FER Azsigon, 10y B
7 X EH 50mm X 50mm 7] 8] ofATE AJHO|
So] Qi AR ot BYT F o] EA Bk, ofx
e AHe Ty BAR 3ol otel B

= B |

rh Fl

o] 489 FEE @A He},
APAE 1.5mV/em’ ZEO)
LT 29K gL oz B
S Agstgon, Az BE
o BABEAZ ol g3t 664

=7

o

2 o R

Fig. 6 Spectrophotometer

4.4, NOx M7 &=

FEufel] 44 ol e W oUA| 7} ZFeAIH HAR=
Valance Bando|A Conduction BandZ ©]§3a}o] A
Aot Aggo] AAE AL, o] ARSh SHANRS-E FXIAIA
AEHY 2HES AAsHs 54S Eelr, 24434
TiOs= 371 59 At 2 =31 ¥h&-ske] NOx, SOx
VOCs &< &afisk=dl golsitt. & dAtoA= 1

g

2L
Ny FEuj7t EEH OPATE FAATE FRAE T
g AAAHE(NOx) w3l A5 FRhe ol FAA|
2o A Ee] S-S Bl FRhS AEE ot
= Al Ak KS 1180 12219-200 74
H AHsA WARE 2 AR I frIERE BE
F S A% 238 B - Hoag WS S8
oF - AF WS 53t NOx AAY S B7t
Ei=g
441, AN £ M

FEuj= Ui ukgslo] NOxS iAo Atshat
SOE Qg FAERE AAH Aide FEHuo] Aa
AFBHE(NOx) A7 58 EI% 4= = A &
AZF & 5 9tk AAAL B & B o84 BXR
A BRIl Al FAA el S2tE A

58 International Journal of Highway Engineering - Vol.19 No.1



2,

Mr oo
o

)

o
rE

rle rle

=2 R
1o flo
o2 St
Mo >
>
o
tlo off
k1
i

10 o
ol
e
ol

fo ol
)
X
2
fu
o rr
N
QL
=<

it

N
il
4
x0,
o

ToA, 27 100mm, o] 20mme] U o
A Bl 1903 F2o)2 = wslo] Algal
zulE FAAE 6L Blo) ofad utaz )

B4 Qo] FYokn FUY Foee nefstol

'l rl_n:
s {m re

,d
L o2 it [o n
3

o

fru

i)

-,

o,

o oxe |
i1

s

nd
—
>
o
off
2
ox
iv‘
Of
o
2
2
ol
ot
el
N
o
o
2

I3 A2} Cadmium

Reduction WH& o] &%t AAtE 54 71EE o83}

Mmfd

Fig. 7 Schematic Diagram for Nitrate Test

4.4.2. NOx M7 A

NOx AlA d5= B7Fst7] $1et AddolA ARH Al
HZ 10cm X 10cm X 5em =7]18] ofATE FAA|of| F
0 ZAF -2 RS AR FAAE SRS
2 Mol 2% 20T, & 0%2] ofF-2 Wulof 2447t
ol Axsto] AY A7 x4 AH= Byl
A AgEE 7tAE % 20ppme NO 7FA8F No
7HE ARERF LT, 1019 bag toll 8L Na 7h4ef
300mLe] NO 718 Yol AB7 142 AHslsich

Ag7kat AlHo] Eollt bag ol FYsti
NOx AnalyzerE ©o]&3to] 27] =5 I3t S0
Fig, 8o Uebdl UV-A o] A2 s Qo] Y1
ot FU2 Aeste] bag WS AAaAeE(NOx)
T WgkE 4%ttt AaAEHE(NOx) A& A

e o 34 wan, 1,200 F S4S Ayt

Fig. 8 Test Chamber for Nox Reduction

G
NOy Reduction(%) =
G

=100

A7) A, G = %7] NOx 5=(ppb)
¢ = A|7HE NOx %% (ppb)

o)
Do
>
S
-
sl
Pl
)
>
i,
5=
)
B
ox
£

2 A@e) g
55 Z450] SEATLS 24e1%. Fig, 9% 19
3 BEu) 48 A T RPEn S tehirh 1019
B 4

dEuo] = Aol 0,79, X o= BND-PI,

0.79 0.79 »
08 0.78
0.6
&

0.4
0.2

0

Non-Coated Coated(BND-P1) Coated(BND-P2)

Specimen Type

Fig. 9 Tensile Strength Ratio to the Specimen Types

ol

t=2z2sts =28 - 193 M1z 59

r



BND-P27} 22} 0.79, 0.789] 137 =H|E Yehy9l
o}, A% A1} BND-P29] TSR 4227} v &AL A| D}
Hlaste] 0,01 74 W A5 YeR|JA|NE, ofAT
E 3= ZA9 Eddde 02 s 1
2ol s o 1903 FE5uj7} ofATE EAA| 9] Y
el vAE G uju|st Ao = ghekE

-

5.2. O|n& X

1—‘:' oﬂ 1014*6‘4 ETJ-ZISDHE ;5—5;‘2 75)
S, ZRA| e ARl Ho] kA Iy Aol
HI7 & Aem Oﬂ"o}ﬂm] TR HdE &
2l } A& 7](British Pendulum Test)
£ ol-&sto] o) v mH AR} AES 435l

80

Standard for Skid Resistance in Domestic
70 | (General Road, Grade of Risk : $2)

51
—

49
50 E—

BND-P1

BND-P2
Specimen Type

Fig. 10 British Pendulum Number to the Specimen
Types

Fig. 109] A= Hof 193 FZuj7} L2y ofA
ZE A|H& BND-P1, BND-P29] BA} 24| ujz}
A Z¥7F 49, 519 BPN A& 2= AS 2 Uehylth
Kim 5(2011)%] ofAZE 24 1 vy A344 3
7b A7 8] 24 vpRA S 7| ER(E2QAA HA) I
TEA o EH HHzAcRr FAE AH B I
Aubdo] £ FQAERE B AEa ARER AFY
& At wgEFo] 250/t/A=/Y o)/l dutE=
oA F4 2 nPEA(RRE 2)= 47 BPNe=, ¥
o 279 OfATE L Rof|A 1HY FEHuf7} EAME o]

= 9 ool WA AT 4 9L Ao

l-m

1909 YEule] FABHEES B $1ste] JIS R

7 AR AER 2

P Alo] B 1) AP FAsH: Hlo] Aol
o HA42] glo]

OfATE =Y T FAES L
T 29 At AolE LBATE A
&3H3tk. Table 201 Uehd uke} o] BND-P1d

BND-P2% ZF2} 7. 4nmol/L-min, 6.2nmol/L-min<]

HHBHES T 2 o 4 ek

Table 4. The Result of Methylene Blue Test

Decomposition speed (nmol/L-min) Result
Lighted condition | Unlighted condition
(1-(2)
(1 (2)
BND—P1 19.9 12.5 74
BND-P2 14.6 8.4 6.2

ol A
785, 194y &t *‘EO] FHE FAIs= Aol
lo1Al= BND-PlETh frefstal 2/defols o<
T HEHAS SRS = YA AR 2719 AgH
FFOE W B Er|Qlo] Ao} FEY Ao FF
< FeAor FEHY
5.4. NOx MAH
5.41. i X HE

AAE-S Bk FEm dA7E NOx 7hAet J5
o off BHAskE FAHE o]tk Marwa Hassan 5(2013)
2 FEu 93l 23t NOx AAS AR, F5u7t
2G5 LA e} @%5]11 A2 A EHol| 2
H AikdE FEskelen, T4 o] SAkE dat
= &3iA717] Y8l S5 ARSI

£ A9 Avt= Fig, 110] Yehlleh, Fig, 11014
o o] Fd A 19E FEuj7t =2 A|Ho
A F2AE Aol S7Kgte] whet S E = A4
L E3F FTskR e, 198 FEurt mxE = 79
SAAE oF 6AIZFA 6mg/Le| Aitelo]l S =SS
o, BND-Plo] =3x% FAIAY] 7% BND-P27} &
EE FAACE M sEs AY T A Holu,

S~
2

ofd
By
=
N
L
op
E
é
o O
o
el
_>.i
S
rlo
4>
N
o
=

60  International Journal of Highway Engineering - Vol.19 No.1



< 719 Qitkal & & Sl

-5-BND-P1 —o—Non-Coated

-=-BND-P2

Concentration of
Nitrate (mg/L)

©Q B N W d U o0 N
'S

0 6 12 18
Elasped Time (Hour)

Fig. 11 Measured Nitrate Concentration

5.4.2. NOx M7 A&

2 Age) Ant P2 AR B2 NOx = W
so) AHHe 539 AURA 199 FEu)7} okr

d

o] [e)
on, g he) B AR ARG F4 ATt

ohS Fig. 12+ KS 1180 12219-201 3 ¥
&

WRE D 249 HEY SV1SRE TE

93t 2aEy W - WAGYS ST Ak

(NOx) AALH ZAifolet. Fig. 129041 ¢F 2],

T AR 9 A 1,200% Fof| 42.8%9] Aax4ts}

2ol

=(NOx)o| ZallES e 4= A 199 3

=2

ALolA] Gh2 ofATE FAAY Ho= 1,200%2]
ZAPAIZEO] A Fof] AAASHE(NOx)©] 13.8% 71

—— Coated(BND-P1) Non-Coated
50
g 40 42.8%
S
3 & 30
g
5 20
g 13.8%
Z 10 . -

o

0 200 400 600 800

Time (Second)

Fig. 12 Test Result of NOx Reduction

1000

1200

2
ol
)
32
ix}
o
rlr
=]
)
3
H[
f
H,
ot
B
=2
m lo
gt
o
_‘10_11

T AUE B 193 YI0)Y ST YR S
stol LAIBBNONE AFA7|E B4 Sag 4
0]o]
AN AN
6. 22

7] %ol ALABENONE L AL Q17

O AR 7EA] Y

J==
AA QA 2 FEE mIAE F Ladoltt. Faitet
=(NOx)9 = LHYUL olg2dUoR, AFofAl H]
S5 wi7I7kae 7 2 e B2 wEe oY
=4 AfsEoel e B A2 29=de 2
o B o A Al s dbEd B3 S =
=279 o e,
=

2

Ti09] okATE A H§L A o) HA 1 of
e AARAY M) B 5 e AOR Bl
o B @A, 193 FEu w2 olARE =
AR LS 9% )2 A7E SYstglon], 4F 2

1190 WEul opAmE EREO] SEAA o
T2 A9 uAA) S Blshet,
21919 HEo o] olrBE TR EEE AWER H

& 87 ARG E
3}

i
off
ot
ox,
ol
ofl
N
N
o
o2
2
B
o
o
pou)
o
U
5
L
(i
£

o N o i
do o
o ok oo ok
.,
>
M g

o
ok

S=z28ts =2 - M193 iz 61

it



2 =22 478 H0M XHshs 2015EE AetAEH
71E7HLAIYE(No. C 0328478)9] dirledtioz Qlot Al
YS 8fslH, Olof HA=FLICE

REFERENCES

Hassan, Marwa., and Okeil, Ayman., 2012. Field and Laboratory
Investigation of Photocatalytic Pavements, Final Report, Gulf
Coast Research Center for Evacuation and Transportation
Resiliency.

Hong, Sung Jae., and Lee, Seung Woo., 2013. An Experimental
Study for the Construction of Photocatalytic Method Concrete
Road Structure, Int. J. Highw. Eng., Vol. 15, No. 6, pp. 1-9.

Hu, Chichun., Ma, Jiexian., Jiang, Hong., and Zhao, Jianying., 2016.
Study on Exhaust Degradation Material for Asphalt Pavement,
Fourth Geo-China International Conference.

Jeong, Kwang Woon., 2009. Polymer Structural Analysis Using
Transmission Electron Microscope and Electron Diffraction,
Polymer Science and Technology, Vol. 20, No. 2, pp. 180-185.

(438, 2009. T AL m| B3 A8 H & o] 7 AL EA
FZEA, 1B ERE 714, Vol. 20, No. 2, pp. 180-185).

J.0. Cameiro, S. Azevedo, V. Teixeira, F. Fernandes, E. Freitas, H.
Silva, and J. Oliveira, 2013. Development of photocatalytic
asphalt mixtures by the deposition and volumetric incorporation
of TiOz nanoparticles, Construction and Building Materials,
Vol. 38, pp. 594-601.

JSA(Japanese Standards Association), 2014. “Fine ceramics - Test

Method for Self-cleaning Performance of Photocatalytic
Materials - Part 2: Decomposition of Wet Methylene Blue”, JIS
R 1703-2.

Kim, Nak Seok., and Jeong, Hae Soo., 2011. An Evaluation of Skid
Resistance Properties of Asphalt Concrete Pavement, Journal of
The Korean Society of Disaster Information, Vol. 7, Issue 2, pp.
87-95.

Kim, Young Kyu., Hong, Seong Jae., Lee, Kyung Bae., and Lee,
Sung Woo., 2014. Evaluation of NOx Removal Efficiency of
Photocatalytic Concrete for Road Structure, Int. J. Highw. Eng.,
Vol. 16, No. 5, pp. 49-58.

KSA(Korea Standard Association), 2012. “Standard Test Method
for Resistance of Compacted Asphalt Mixtures to Moisture
Induced Damage “, KS F 2398.

KSA(Korea Standard Association), 2013. “ Interior Air of Road
Vehicles - Part 2: Screening Method for the Determination
of the Emissions of Volatile Organic Compounds from
Vehicle Interior Parts and Materials - Bag Method”, KS I
ISO 12219-2.

Ministry of Environment., 2014. Improvement Measure of
Atmospheric Environment in the metropolitan area, the Result
and the Future.

(8787, 2014. = o 718 A o 2 2 A et w] ).
Venturini, Loretta., Bacchi, Matteo., 2009. Research, Design and
Development of a Photocatalytic Asphalt Pavement,

http://coverlite.it/PdfDocE/S_Research%20Photocatalytic%20
Asphalt%20Pavements.pdf.

62 International Journal of Highway Engineering - Vol.19 No.1



