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An experimental study on the durability evaluation of concrete applied

functional nano composite inorganic activated carbon based coatings
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ABSTRACT

Concrete structure can be deteriorated by ingress of moisture and aggressive agents. To
maintain the sound performance of concrete structure during the service life, it needs to pro-
tect concrete from ingress of moisture and aggressive agents before arising deterioration of
concrete. Protection of concrete is possible by surface treatment.

In this study, durability of the functional nano composite inorganic activated carbon based
coatings which can provide a barrier against the ingress of moisture or aggressive ions to
concrete is discussed. For the durability evaluation of the coatings, fine void structure evalua-—
tion test, chloride penetration acceleration test, accelerated carbonation test, freezing and
thawing test, and the accelerated test of chemical erosion are conducted.

As the result of this study, the functional nano composite inorganic activated carbon based
coatings which became one formed complex compound with adsorption and porosity on con-—
crete surface, had an effect on the function of far infrared radiation, antimicrobial action, air
cleaning, airing assurance, and the interception of moisture of deterioration factor, chloride ion,
carbon dioxide, sulfate, and so on.

LA 2

ZAYE F2E29 WA dFe A dARM ARz, Fx2E &k, o] &2 o=
wRekel wel® 5 ), oF 97 BAZANNE 2AYUE FrE ek Hi sidl o 1
5 s, ARl FAFol o7 g, olitstEA SO AFE A FAYES] TS}, 9] 2= AT
HEtE Qe FAEE B 4E 4 SO Al o7k stebA M4 Fo] hiEA <l Oé AAE e

ol &3} AR A FAYE TR o, T, AIHA, whE, e 5o dde] 2
Ao, A% Aol Fx=e] e3¢ o8 = A F, Foly 7IE o F Tr?SH%é 5ol &4+
E Uiz JAFete]l ZAYE AAS 3t A7, Az B 55 fHuske 2AE TrEY A
SASE dorA Hed, oleldt ZAES] ditE WA il i B R fAled 59
3 YA 8= Aol dasi

fate], AA7MA FAZE T2=9 d3tE WAt dstd FAREY Aes I
gl o] 7 mHAE 9 By FE] JidEo gfom, o5& o]&sty FHE AT FIAYE T
2ES Yo s J‘I‘ﬂﬂ 2L B FAPE X8 Foll Ut

SER, AE R M 3 ARt 140 MuHE 48 e AR wuddel U
o A5e BAsA 17 wiel EdRelel thetel ANTL dlok i AT B, W% 9N e
© AAAA AR, NEAGFATAL, N EATA

E-mail : bjm6413@hanmail.net

TEL : (02)520-5982 FAX : (02)520-5969
wr A& A BHH FAF
wrk Shal ] 7)< AL



71 FUAYAEY] ZAME WAdskar, vYresEeld dAdst

» = = o] ZawEe} F243
gEgow FagtEo] YAHel AAHE Urht Ao 27, 754 By £714 84e
Olatll e 7154 YreBd 24 olgtdt) Ew AAd e 484 e B3 s 97
AT, o2 Eaf A Amd e ®W AARA A4S AFAES Frh
2. 7154 YxEg 849 w9 A 54
2.1 G3iQlxte] AFOIA wWHIF

SAYE BE S BAow AgHL JEe @A

5 ¢ T e

+AA Ane TAAE B geel, YwsrdA @ KL =T
HEe 7714 BAuaAE o &3 EW AAS Al S5 B
e, o] AuE 19 164 & 5 Q= nks} go] 23 daphite S
BE wAe AAstE ATTRY A dew TAHY N S
wAT S o TR T 748 wgs T {&é_ |3
28 YAl o2 AF F/14 2@ 5 /)5S HHm < 3I°
Ak, olgd @ Fr1d BARAE 2AaLE 2Ho| YEa Tipostate | T
A 71 ES ZFAA HEdH19] vA7lEE 7ol 3~100
Ao dsRRIAE Ao AHd = e 5SS T I¥ 1. 71543 e 229 1 HEAL]
A A H o}, AjgFzet A4

Aol 4 7iarE AuEd, A (D),@)lM e

oAl AFEE 7 UYesd @4dd 39
= %° ﬁ% T7l“ﬂ) Ca0, MgO, NaO, Al,0z0] =A3tH ¢

H
uhol o] @ere] Qo of

D Ca, Na, K + 02 — Ca0, NazO, KoO oo, (1)
@ FHFIE = FAsFgE Tx IA
CaO, Na20, K;O0 + H.O — Ca(OH)s, NaOH, KOH ................. 2)

F1d g A= AEe SERE Y A Hold AuAdS JHR L vk ok w2 A Aol
714 SdERLAE “47} & 76‘“?‘ DA ) AL, FAA 2E, ol wE, 7IAE, B4 gH 59
715S A vk FAE EA9 A= #ASEES FAsH] ditd, VEFoR o=
24 A5 A= T7] Al :'ELQEQ}J F-zgo] 9ol Ax Fo| I4AS YEldo 79 g
AHS AgE 4 9lo], A ow BaEo] BYst 52 Anzte] d3E FHE AT F Jd= FA
< 7FITH15]

7
stol FHH ARAL

O1;<ﬂ§}5] shabuk-gol st FERAfo] o &
of ZAYE mAx4 e ¢ 1~2 nm B= «] w] Al 7]ﬁ o] FAHTH[19].

ol UlFe & FE WEsIHA sAld SIS ZA st AT XEA FU|HoRE =dre
ukg]7F HAE R R ARl Aol o]Fojd = = olfr ]715 shoh, Akl &g e 500~
1500 m%/ge WH FHAS zta v}, FAdeke] AlFFxd QoA MFEALS Micro-, Transitional

, Macro-Pore® & .

20 A 9] 0}4 AL Zr= PoreE Micro-Poreolgf &far, &2bo] dxpxlo =z doj}:= 20~1000 A
o] AHE zZt= PoreE Transitional-Poreo|2} gkt}. ¥t Z7do] 1000 A ©]7d<% Macro-Pore:
A A o) g;% Ao A & 2212 FoA4S 7FE ) o]y 3 Macro-Porer A ZHE £45
st gt SEEA AFET. 75 deid @4" 11 AAe ARAFeEZA ZAYE
Y HFEAo] st ZAYE ez P ZA3EEY F2E JASH "t ol 249
T4 AsEA 7P ol Al AR d TS SRE ¢ A "o

=<
T3 a9 29 2AYE Fak=e] #3eE G4, AeAds dEhdo] R el fraf= ol
— 2 —

Mrﬁ

[t ol E1°l'

£ do i B



g AHe s OMI Hu, olelgh F71d AL AE FAYE vA ¥F F2E Aslete] 19
BEE S7F AZH16]. 24 e i dAde x9 A= Ve ddFAA e o
&3 FHEA YA Fol 7WL A =vhe] GHS e = A 9y

]
1w -

[EE R B g ]
/HAs«h{ LEl =

]
sssmsmman c"

:
: ) -
g : = o R

Oy 32 Z3YE mdd =xE FAFAA =9 71eA desd S48 1 AAe =
02 TAPALS vebd Jdmelth adeA & gl H}Q} Zol FAFAA muke Fr|How &
o U ] Bek g o R Qe BES Y gE o] WA v, V%A Yeid E4vER B
W oA Aels ZAYE YR Ay T FAsA JAETFI FAl B71A4S Yeho] #
NHo g mute] utglgeghiy Fo| Ao

g
(@) FAA == () 7
a9 3. 238E ®de] Hed
3. 4% A8 2 Uy
3.1 43 A
oA AY AYde =¥ 1, E% 2, 5% 33 24
¥ 1. AFAe] A= EE 2. 39 AAl =3 0y
_ SE . iz 53 I
aga=| RN A 3dem | 2% aggs | 2E | B3| 5E | ==wa
] 10<20
B X E
PEET | (cylinder) | 24 4 w | 5 |05~10
=5 10x20 o4 N ZAIA | A mm
1 | = s (cylinder) 3
W74 | eaes 7,557,540 8
g | TS 24 .
cubic) A - o 0.5~1.0
3}31 4 5x5x5 o4 GgeaA| ~ mm
A2 (cubic)
7X20%2.5 k! 542
MAEH | REEE - (cubic) 6 REEs %L:‘g‘i]}iﬁ] % 2 mm
T 3. AEAS aig
gy | FHeEFA | sme | x R e
K BEE E(Fé)— 0(37])% e A& (kgf/em?)
AAZHF (mm) cm ¢ ¢ (%) 3 ANAE | Az2A | Zo=A)
] 25 15 | 45%15 45 45 194 432 750 923
l(ﬂ:r;zé"lj-; 1% YTEACAgE
== : o A= — W
= CZEA B FEe =AY WS, £HE, S5 E(%):(2.62, 2.78), (2.82, 6.80), (0.8, 0.5)
WA =4 | AMEQC) : AZAS) = 1 2

(R2E=2) - W/C 50%2] F#v|= uj3st m2Ega
3



3.2 "Al 22 @7} ¥

Aol s egpsds FE AR Fr1d " 19 AAlE =Yste] ZALE
o] BAlE F5& Agomn 74 A} Qo] 2t 8l o] FS oalste] FAES WS A
stazt s, ole] WE AT A VIS W59 ST FW AgAe] Zxe] mE BAN TS
o] g Wss} oo wE mAxHe] WstE BEsAh

e Y @48 1 AgAE A8 ZAYE vA F5%F WetE sty flste] Fe
AA E2AMEE AR Ale &4E ST & Al AgE 2 G EEAMEY
eh=& 30000psiz 3F3ltt.
T =S 24T 329 AYAE Aed FAYES] vA 24 WskE sty fE FARAA
A(SEM) 25 drsiglon, =y gl whie] dis) 5008 3 3000012 gefste] @shsich.

O

_—

de AAsR o, B7H-

[si3

H pul

glstel 500 E= BRI, ERIe] U B EEwe] £H9 W
z=

Fl -
b
Q‘L
l
=
1o,
o
k)
o
>
|
|

o

FZAYE AFA o WS HME s AFA= W/C7F 45 %2 F-A 8], FANEAA, F714
St A 3FFE AFeYlon, they Zo] AdS AAESIh
(1) 9% AT A3 AFL AFAE 20T, NaCl 10 % Mo 28U7F A A7 & AALL A H o
oa dstE o] F Zold st AHH Wsls A4Sl

(2) 43 AF(CO2 5 % 7k 25, AHFWIE £ T3 A7 A5 AHgste] 3547 AAIE
om AY T8 F THEW A=zl 1 o & BFsle] 43 ZeolE FAsAY.
(3) TAF8 AP KS F 245690 2a +4 ~ -18 ¢« &% F71& 3003 wEsion, e 34

oA 1 wjvict Al EeAAITE SA T
(4) 3}t H2A A AP 290 HeSOy 5 % SNof 1243 HA|ehHA AT E A Ao A&
HslE S48k
4. 243 43 92 1%
4.1 " AZZ Hr}
TR AFA A AYA] FABES F3lxS YER A oy, B AIPAe] S i

g ole} gl 24 FxAE g AWs) FI WHHAL L & 5 )

el @ MAEH O Qste] YR RTEe] FE AR/ oAHw, FALES] 5 A9l Aol
oJub COp 7h29] AF % ake] olfA sl glolth a4 dend S48 g9 ALAe]
Asde Fue AFs 1 Ul Ak 5, Ak, ¥ 822 o] gast %W FaiE 94
oz AT FAHE A BV ATl wMud 2 ATE AL FHY A= 1 ~ 2 nme] B
o AZEA FHAY. o 1FS Bkl WP FRS ¥ PEe WRAN FAHS 2 o
7] wEe] vjRaEe] FUE Qe Agagol of muhe] welsh BAHA @ Fo Ae] ¥ A
om wean, BeAsetgon Agu, ATt el Fekm, 4F 7] EAlE %4 evh =
s s FHES @) Hold AuHS Ax Ak ueb] W AAel /14 YRS Wb
T A 9494 WA, FEAE, ool WE, T4, B4 Fn 5 J)5e waleA ok
12 GEIF AYH

T 4 GANZ Aol wE 7 NS GRATel] AFH MekE vl slelth 2847
A5 Fol AAT F, AF Grel ARYols ¥AY A9 17.97 mm, 74 AZAAY 49 672 m
m, ¥4 FHeaAe] B ANE 44 @ A% 094 mmz SAHAT. FA @A v
EWAYE AT AGA GRAT AP 09 A, B3 /14 BYRLA ADA 29 o)
$ AL QrARE Y. =, 7714 B 49 TAe @A we) ARAT Qo2
00 % ol i ARE vehiglom, FAAEA A HEME 50 % o) % ARATE A7
QAT e APyl FAT Ao ek,

osh e PRAT AL Tr1A BATLAY B e BAFS 2] WFe] 2ALE yre)
HABEAA EXA} AFHe] 2AeE wAsh AAHAHE FaEe] AFe wEo] wRAoR
sloleo] HF W AL oAt AT & F 9

4.3 5793 A¥A4

S8 5 1 S8 AW Fo Aol 2 AHe] F45 ARAo] AnE tepd Aot FAe



AlgAel vl 2 AAE =X G5 T3 27 e Hadhs Ade = Ak
FAANFAAE AT D= AP AlgAl vls) oF 50 %] T3k 2ol A
2 TR =X A= Al nls) of 10 %ol sidets A48 F A H A

(

a l—l L | . '_ s T
3 s O g e = =) a0 [ |
L - -
',:. . B v s v 5% T T
al d
— ]
11 ] " - r—
_ [T

8 - 1

SEAFH day) A6 A Hday]
a9 4. ¥ E¥A THE QBT A4 O¥ 5, ¥ E¥XA FTFHE FAskzle] W)

44 A& AIA

I 62 24 AlgAlel Wi sAg AlddaE YEd ot ofef o] ¥ A 5TF B FaA
AL 7= ol 2AME TAEIE FE R o5 olFshs SRl T4 AFY A&l 7%
BR, e Y @9 g0 Ao A4 544 70 S g g dow wd

¥k
4.5 B A AP

2 A Aot 1293 HA
& Ay FAEe AFg- +500M -3% Wl TEESES dEhlen, 71Ee guAgAz A g
A +4olM -4% e TFAFES UERNSIAL, VA vaehd 24Y 2 AYAR AT A
G+ 10lA -1% el AAA FTRHES eI

=R F
] o df ol 2 2] 5 .___;x g

[
[ul] ; & B
%5 B A s gl i _— AN A 4%

g 80 f g ﬁ__..-;;._____.x‘x‘“ e S
43 1 1 Es _.-:—_"\x“\

.
;
:

00 evele

a9 6. 39 =¥A FHE AdleeAse] wst I8 7. HoSOs 5% &l HAZ AlgAle] dawshs

ARA ] WS BAE AAE

-

() FEx A 7
Wk ol v x4 T % &
Aoz dsle] SNeREHY F¥ Yot JAHL, 2ALES] A5 A9

oty 7154 Uhedg HAE HW A 3

Fwe mA BEAT 1 RERe A%, 4, Ak, % @22

jults
[N
o
o
o
o
(@)
@
N

FHA A FFH S0
hao Age A ER FAE FAHE EAs @A vAlgel & FAgEe & ulF i
HAS HAA Ha, Bl 2 A A FHE e 1~ 2 nme] SR AlEadd 3
thoo] 7EE Edte]l WR-e FES R R wEse IeAdd $714ES 2 =7 wiEel uiE-
Tl SR QF ARGl o7 mEre] wiErt BAHA = Fa o] He Ao dd
e},



A WS 24 39 AgAE AHEE A4S, FAE AFAC) vl g
Aol BASA F). o= FAE Fik=y dAstE HA3gdw 49 o
spEyEe] FRAFE olgons, EAGH0l ht AFHSS FAA

rO
o

i
®

10 (o o (T i,

(4) sl Al
of FERE HFH= At i

odt T, fob S ot offt offl 2
o
22 x
5
otk
%
>

e z
=
o
ftl
o
N
i
¥Q 4

|0yt COp 7h2=9]

EX 2
Asjol] ojg Aol GAF A

webd, ¥ AT oy EW ERAE 9 97 A8 ATRE, Askeun ga 6
%, 7% 71986l wEHel g Sol g uFy A 9 A8
2o Apgo] MR, BF DAL TAAE Y AR B 2aAS take] AR 2
oM thd Ag4 AEst e dow A

Lg%, 39, NE, S, 9 (2003), “HFA A@A g4 Hybrid v 294 443 23
Eo] YTE Bkl B P AT, BYLNEs) =R, AF ALY, pp. 687-692.
%0, ez (2004), “thegd 71 FelojA BAAYAE 4§F TaYE] T Bkl B 49

AT, FAG=EUS] =2H, g HESS, pp. 1-7.

=9, ZAA (2006), “UxFd GdE AR FU1E Y 2AAE AL&g ZaYES WA Ertel @t

A4 ?i:r“’, FAd=d 3] =, dmHE3], pp. 1-6.

4, BT, ok, AT (1998), “FAYE FxEY T AA A28 R, 7heeEURs =uy, e
g Eg3], Vol 10 No.2, pp. 161- 166

5. Q7 (2000), “ZAYE FXEY WF AFRIAD, SIYUEYT 793 T, g ZagESH,

KCI-M-00-007.

6. B9, 29, e (1996), 715 AR &g, WEEFAL

7. EHEE=S 2N (1995), “Hrihk iR OIEEE FEMT, SRkt

8. Buenfeld, N., R. and Zhang, J., -Z. (1998), “Chloride Diffusion through Surface-treated Mortar
Specimens”, Cement and Concrete Research, Vol. 28, No. 5, pp. 665-674.

9. Ibrahim, M., Al-Gahtani, A. S., Maslehuddin, M., and Dakhil, F., H. (1999), “Use of Surface Treatment
Materials to Improve Concrete Durability”, Journal of Materials in Civil Engineering, pp. 36-40.

10. Tanaka, H. (2003), “Enhancement of Durability of Concrete Structures by Surface Treatment”, Concrete
Journal of JCI, Vol. 41, No. 8.

11. Xi, Yi, Bazant, Z. P. and Jennings, H. M. (1994), “Moisture diffusion in cementitious materials :
Adsorption isotherm”, J. of advanced cement based materials, Vol.1, pp. 248-257.

12. Sergi, G., Seneviratne, A., M., G., Maleki, M., T., Sadegzadeh, M., and Page, C., L. (2000), “Control of
Reinforcement Corrosion by Surface Treatment of Concrete”, Proceedings of the Institution of Civil
Engineers, Structures and Buildings, pp. 85-100.

13. Al-Gahtani, A. S., Ibrahim, M., Maslehuddin, M., and Almusallam, A., A. (1999), “Performance of
Concrete Surface Treatment Systems”, Concrete International, pp. 64—-68.

14. Paul, J. H. (1998), “Extending the Life of Concrete Repairs”, Concrete International, pp. 62-66.

15. Bradley, D. C. and Mehrotra, R. C. (1978), “Metal Alkoxides”, Academic Press, pp. 336-337.

16. D. W., Breck (1974), “Zeolite Molecular Sieves : Structure”, Chemistry and Use, John, Wiley&Sons, Inc.

17. EPA (1989), “Design & Use of Granular Activated Carbon : Practical Aspects”.

18. EPA (1973), “Process Design Manual for Carbon Adsorption”.

19. Subhash Bhatia (1989), “Zeolite Catalysis : Principles & Applications”, CRC Press, Inc.

S
=T O 13



