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An Experimental Study on NOx Degradation Efficiency
and Physical Characteristics of Maximum
Size 40 mm Porous Concrete

Chong-Hyun Hong, Moon-Hoon Kim, Seong-Pil Ryu and Kwang-Ok Choung
Department of Civit & Environmental Engineering, Tamna University, Seogwipo 697-340, Korea
(Manuscript received 28 November, 2005; accepted 13 Apri, 2006)

The strength, water permeability, and photo-degradation efficiency of NOx of porous concrete with a new
concept were studied in this paper. The porous concrete was comprised of coarse aggregate of maximum size 40
mm, cement, silica fume, water and air-entraining(AE) water reducing agent. The strength of porous concrete
was strongly related to its matrix proportion and compaction energy. An experimental test was carried out to
study the parameters of cement proportions and silica fume content for pavement applications of porous concrete
which were paving a footpath, a bikeway, a parking lot, and a driveway. The regressed equations of relation-
ships between compressive strength and flexural strength, and coefficient permeability and void ratios were in-
dicated as y=7.69x+71.74 and y=0.42e0‘28x. A method of making an air purification-functioning road, which was
spraying a mixture of a photocatalyst, cement, and water onto the surface of the road, was suggested.

Key Words : Porous concrete, Photocatalyst, Air purification-functioning road
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Table 1. Summary of used materials

o Normal Portland cement

Cement o Specific gravity : 3.15

o Specific Surface Area : 3,358 cm/g

Silica Fume

o Specific gravity : 2.2
o Specific Surface Area : 200000 cm’/g

Photocatalyst

o Anatase TiOq
o Liquid

Admixtiire o Naphtalene Sulphonate

oDensity : 271 g/cm’

Coarse 0 Solid volume percentage : 56.2%

Aggregate o Unit weight :
o Crushed stone

1652 kg/m’

Fine
Aggregate

oMax. size :
o Density : 259 g/cm’
© Screenings

5 mm

Specific gravity Bulk loose density (kg/m>)

Specific surface area (cm”g)

Fineness(ave.dia)(tim)

22 250-300 200,000 0.1-1
Table 3. Physical properties of photocatalyst
Color Appearance TiO2 (wt%) Particle size (nm) pH Type
White Liquid 100 30-40 9-11 Anatase
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=X

=2

2 Aot wheA, i%%%élg_ A3

d e V1w P 348 Fasy
=1

YL B0 Hn ok tle ST b o ot
i
o

A3 AL4eE A B3 AT
22. WA

uj 3o AlEH FHESEA }H DA A FHo] 1652
kg/m® o]t} ojw), AHEL 562%0]1, EIEL
43.8%0lt}, F2F A< ?&ZHE ANHEE Al&3}
e, AHNES TGeFTL 300~400 kg/m’ H

g e, ERAZ AHEE AesES AuEY

ro

T ZAYUEE 2 HEHUAE /AT Y F 5%, 10% 15% BN A Agsin], E-AEA)
AzAe 988 283 & 4 Uk 245 AE  HIE 30%E nAsET F2EL AwES At
A= Table 49 Z& 54& ztv vzegd 4 F9 ¥o| F7F &5F 29454 9o} 4%~20%
A AEFEAE AHSSAT FEF A= Table ¥ o]BFIFEL AMEEIYTE FAAR AF
563 2L AFE HAFT AW Agels 4 & HASE duste AR AFAE ALstn
AE R ALY dHFAZ HUAS 40 mmE FAL(S/2)S 10%S 20%9 H&2 AL
ARgER L, EAY 4FFH ARV $4F FAE 5 2IYEY AEAE FAE L TFEY WY
A AREstATh EAlY JFH AR B 23 & 1Elstd Abde] & A du) wig A 23S
g ES BEs} FFgd & dFE Froh AEFAe EUE AT 0TS 2ANAY. A £5
Table 7, 8% 22 Ee2 EA4E& ZE 4R AHE  ZIYEZN AR, AAARR, 4%, € A% A
sgith FAARY T2 AP AE AL £2 F UEE S B9 g sgn

240 AgET

Table 9o Yebl ek w3k All= S1~S4& 3

Table 4. Properties of high performance AE water reducing agent

Type Color

Main component Specific gravity

Liquid Dark brown

Naphtalene Sulphonate 1.2+0.02

Table 5. Gradation of coarse aggregate

. Percent passing(%) .
Test item S0mm Ao 20mm 10mm E— Fineness modulus
Crushed stone 100.0 100.0 50.0 146 038 735
Table 6. Physical properties of coarse aggregate
Particle Water Soundness Passing of Solid volume LA abrasion [Unit weight
Test items densﬁ;f absorption index 0.08mm sieve percentage indae>(r(6:;)o n r?k ‘/Vnié%
(g/cm’) (%) (%) (%) (%) ° &
Crushed 271 1.80 3.60 0.33 56.2 229 1,652
stone
Table 7. Gradation of fine aggregate
et it Percent passing(%) Fineness
LI 1 0mm 5mm 25mm 1.2mm 0.6mm 03mm | 015mm | modulus
Screenings 100 98 33 81 56 11 2 2.64
Table 8. Physical properties of fine aggregate
Particle Water Soundness | Passing of . . . Solid volume
Test items densm;/ absorption index 0.08mm ‘Orga_ntilc Un& “;E])ght percentage
(g/cm’) (%) (%) sieve(%) | MMPUTIHES & (%)
Screenings 2.59 1.0 36 24 Nil 1.713 543
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Table 9. Mixture proportion details

' A% Unit weight(kg/m”)

Mix No. SF (%) SF C W S G A
S1 Cx 0% 20 0 300 90 0 1652 15
S2 Cx 5% 19 15 285 90 0 1652 15
S3 Cx10% 18 30 270 90 0 1652 15
S4 Cx15% 17 45 255 90 0 1652 15
S5 Cx 0% 17 0 350 105 0 1652 18
S6 Cx 5% 16 18 332 105 0 1652 1.8
S7 Cx10% 15 35 315 105 0 1652 1.8
S8 Cx15% 14 53 297 105 0 1652 18
S9 Cx 0% 14 0 400 120 0 1652 2.0
510 Cx 5% 13 20 380 120 0 1652 2.0
S11 Cx10% 11 40 360 120 0 1652 2.0
S12 Cx15% 10 60 340 120 0 1652 2.0
S13 Cx 5% 10 18 332 110 165 1652 2.0
S14 Cx 5% 4 18 332 110 330 1652 2.0

A FYFHS 300 kg/m’ R AT A@Ft  Table 10, Test items and methods

B s ?73}19‘;] O%E‘H} ‘7—]:12 o= Z}/:ﬂ}] Test items Test methods
AFE-2 v 53 SRRV K-7aY

w8 “ 22 Wed 4+ ako °13L e Compressive strength KS F 2405

A2z S5~S8= A d9FES 350 kg/m’ T —— T

o2 3AE He7EFY v&E ZAA7 A o7 exural strengt .

A FAGo] ALEE BAFo)m, wigu]) Algj= SO~ Coefficient permeability KS F 2385

S12& 2EAY FYPEFZE 400 kg/m’o.E 7R E)

1 AYES vEE F/NA ASEAN ZAmd AR 8384 BopEg ste] Azt Fig 19
ARSE EAolrh wigty] Ala]l= S133 Sl4E IF FFA ofATE FFE9 EXAF AX(E Uy
AE AHEE ALEA FAFY FYPL EHom 3 9

=2 XA AL7] AF Aok wwe 100 ] %4&*&5} AAANEL wlgA B = S108 AHea
BAA WY HAE olgate] AWME, HEAE, EFBEZ(50 cmxS0 cmx8 cm)e AZE T , Edo)

#2EA A AIAE Y1 AU S 02T ¥ Ti0, =6 3¢ AW E uﬂo]AEE A % &
—‘? -’H‘:‘AE7V"7<H7]' EHE 28 WIS 1R 0 5 2522 g | mm SAZ aYss BHe

g g = EZ359h Table 9914 SF=
"a‘rﬂﬂv (silica fume), V& o] &%= & (theoretical
void ratio), C& AW E(cement), W& &(water) S
v FEA(fine aggregate), GE FLZA(Coarse
aggregate), AT 1A SAEZS A (admixture)& 2]
] gk},

23 AEeH

EZE, BAE, FFASF ANEL Table 103
ol KS F 2405 EadEY 2745 AF why,
S

KS F 2408 ZaAYUEY FHE AY Wy, KS F
2385 ¥4 ofABE THEY FAGYYA o
% gt AsPEst BRAs AW
15:30 4% FAAE A3 54 2aYE
134 Asw 2584 B0y &3, HREY A
£ 15%x15x559) B FA| Ao B iaa]gfél 1/94 Fig. 1. Water permeability tester.
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g F4%n B A AT AL HA 22 wede ¢ 5 ok 8D BREE 28 keffem?
o2 w7l R NOx $EF FAMNOX o4 45 kgf/em®l o|27]747] BE 9 250
Analyzer M200E, Teledyne Instruments)3tsith. 29 £ 9= 2% WY $ysa 9 Fig. 6&

289 74z 225 AAESE Jehn o 93

3. 23 o 3% Mol BAR TFEO| WolASE XY=L &
3L 4RSS R RS oHA2 9 Fig. 7¢ 289 A2Ee BAEqe
T 2AYEY AREYT AVEY, Fig 32 g3AE dehia ok FEBES £45E 3
Fo ZAYEY 4EAES wig e BAE YE grx koxm glom, ZEH LS g2 51~71
o HAZ Jetdth Fig. 82 FFA59) wigu] 9

Fig. 2. Photo-reactor chamber.
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Table 11. Porous concrete mix design

Design strength (kgf/cm®) 35(210)
Max. size of aggregate (mm) 40
Slump (cm) 0
Water (kg/m’) 120
Cement (kg/m’) 380
Silica fume (kg/m®) 20
Water-binder ratio (%) 30
Fine aggregate (kg/m’) 150

o | 40-25mm 991
Coarse aggregate (kg/m”) %5 S 1
AE water reducing agent (kg/m’) 2
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Table 12. Mixture proportion details

(unit : wt.%)

Mix No. Cement Silica fume Acrylic Water recélciingaztazre nt Photocatalyst
Pl 100 20 40 40 1 0
P2 100 20 40 40 1 1
P3 100 20 40 40 1 5
P4 100 20 40 40 1 10
1.0 —) g
3
0.8 §
]
L 06 | °
Q s
© 04 - Vacancy '8
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Fig. 10. Degradation efficiency of NOx by photo-
catalytic concrete blocks.
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Fig. 11. Removal efficiency of NOx by photocatalytic
concrete blocks after

time,

1 hr. photo-reaction

Fig. 12. Water permeates constantly as poured on
surface of porous concrete.

Fig. 13. Close-up of porous

concrete roadway.
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