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Durability Characteristics of Concrete with Nano Level Ceramic Based Coating

Seong-Soo Kim", Jeong-Bae Lee"*, and Seung-Woo Han"
"Dept. of Civil Engineering, Daejin University, Kyeonggi-Do 487-711, Korea

ABSTRACT This study performed several tests for the durability of the concrete coated with nano synthesis ceramics which do not
contain volatile organic compounds harmful to environment. The tests were adhesion test on dry and humid concrete, SEM test, MIP anal-
ysis, carbonation, chloride diffusion by electronic facilitation, freezing-thawing resistance, alkaline resistance, and brine resistance test. In
the adhesion test on dry and humid concrete, nano synthesis ceramics coating produced the highest results among all the coatings tested.
Nano synthesis ceramics adhered solidly on the concrete surface. The adhesive strength seemed to result from the hydrogen bond between
nano synthesis ceramics which are inorganic and generated by hydrolysis and re-condensation reaction and the concrete’s hydrates such
as calcium silicate aluminate or calcium silicate hydrate. SEM test and MIP analysis results show surface structure with finest crevices
pore in the nano synthesis ceramics coating applied concretes. In the carbonation, chloride diffusion, and freezing-thawing resistance tests,
the concretes with nano synthesis ceramics coating indicated the best results. Based on these test results, further progress in application
of nano synthesis ceramics coatings to various concrete structures including costal structures and sewerage arrangements can be expected.
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23 de NEE AAEAT =49 J5E Fuslsty) A8 ds Aee 247
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FAoINe He B BaES 7] PAYF B}
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23 gudY 2 7 A8S9 v 3= Fx2E "ol 221 882 A
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Table 1 Physical properties and component of coatings
SC HB EC ES
Main component Polyurethane Silicon and ceramic Collagen and acrylic Ceramic
Composition 2 liquid type 1 liquid type 1 liquid type 1 powder type
Diluent Thinner Water Water Water
Coating frequency 3 Times 3 Times 2 Times 2 Times
Interval between coats (20°C Each 18 hr. Each 4 hr. Each 3 hr. Each 3 hr.
Specific gravity 1.25 133 143 1.63
Table 2 Chemical composition and physical properties of OPC
Chemical composition (%) Ig*, loss Specific Blaine
Si0, ALO, Fe,0, Ca0 MgO S0, (%) gravity (cm’/g)
21.95 6.59 2.81 60.1 3.32 2.11 1.3 3.15 3,112
*g : ignition
Table 3 Physical properties of aggregates
Items types G* nax Specific density FM** Organic impurities
Fine aggregate - 2.66 2.15 OK
Coarse aggregate 25 2.52 6.78 -
*Gmax : max. size (mm) **FM : fineness modulus
Table 4 Mix Proportion concrete
Test results w/C S/a Unit weight (kg/m’) SP* (g)
Compressive strength at 28 days (MPa)| Slump (mm) | Air (%) | (%) (%) W C S G
29.5 140 1.8 40 27 184 460 421 1,184 52.5

*SP : superplasticizer
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Fig. 3 Bond strength of concrete with coating (dry condition)
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Fig. 6 SEM image of coatings and concrete surface (x1,000)

W27 gEoz daye™) Azt B3y
o

§AE FRES wo] W 24 WE Hgeo|
¥ 7oz ARer

i

0.05

e
b4

.03

0.02

Incremental Pore Volume(ml/g)

0.01 4

T
8,01 01 1
Mean Pore Diameter(um)

(a) SC

0.95 0.25 0.05

7}
O A~
T

025

02

k015

0.1

0.05

Cumulative Pore Volume(ml/g)

Incremental Pore Volume(mb/g)

-

32833 X 22

7 SAAR =4S AR ARAYG =4 A 94
o ZagEeY FAS FAE AAAYA SEM)E °l8
aked 1,0008) Sohste] #Fe Abxlo] Fig 6013 2
AU (MIP)YE H &3 mAlFFE ST A0t Fig.
7olTh.

o A% & FFol Bol Bxa] FE U {ol&

HAE7E ol

ZaES F5& AYE #eA

AAY 2 3550l
3

o] d3lg 2% Ao A€y

SC 2 HBY 7% NCot vt AL g5 7=
2 /A e AE ¢ F Uk ol B2 By FA
FE ¥yoRRy AFse FE F faolee JAFt
olF g dstEde aHHA AL AL T Ue
oz @k xw sCe A4S Fig. 69 ()% Fig

2
7
o @M L & Uxo] FH| Aol EAFA % T
Awntel gyoz ATE YR Sl AU F

31

0,05 0.25

8.04 4 P02

0.03 Foas

0.02 4 F 0.1

Cumulative Pore Volume(ml/g)

001

T T L]
.01 0.1 i 10
Mean Pore Diameter(um)

(b) HB

025 0.05 0.25

S
H

- 62

b
!

Fo.15 0.03

0.02 4 0.02 4

Incremental Pore Volume(ml/g)
Cumulative Pore Volume(ml/g)
Tncremental Pore Volume(ml/g)

=4
2
L

r 6.05

s
=

r 82

F02

.03 4 I 8.15

0.02 4

Incremental Pore Volume(ml/g)
Cumulative Pore Volume(ml/g)

Cumulative Pore Volume(ml/g)

0.01 -

T T
0.01 0.1 1 10 6,01
Mean Pore Diameter(pm)

(c)EC

Fig. 7 Capillary pore size distribution of coatings

T
01

7
1 1 001 o1 1 10

Mean Pore Diameter(jum) Mean Pore Diameter(pm)

(d) ES

(eINC

Lic et MzteiH S2E st 232(E0 Tds | 643



2500
2250
B e moderate
o
E 1750
=
3
~ 1500
=
2
g nse
&
kY
g" 1000 |- - — JRESHERE . _ low
L]
S
780
g
@
= 500
250
T _ very low
]
NC SC HB EC ES
Type of coatings
Fig. 8 Total charge passed of coatings
9
8
E 7
E
= 6
g
a5
s
'g 4
E 3
1
o 2
1
0 1R
NC sC HB EC ES
type of coatings
Fig. 9 CI infiltration depth of coatings
33402 AFE NEY
Fig. 89 2t 44 =29 2aE 3 F3A5
FS YIS Fig. 99 A0l AF ZlolE yE

Wit

A& A3 EC9 ESQ] AS- 71Fd 1|50 Lt
FHEFe] e AxE el sloy dhole]
5 Zlol7b AM =R @& EAIUE (NC) 3AA
vl ZE|A oFzhe] HE A A whell YefA] XS ¢
T St

ASTM C 12029] 7]F2 2 Brstsis s HB ¥ SC
o] A% LA ] 413.64~619.20 coulombo.E ¥Z
3 AFAE Bon dhole FFE ZoldA%E 1mm
ulgke] Zhg B olEgk AHE F3 HB ¥ SCY
A dalEe AR digt Aol §53te dIER
e FAZEE B3| g Aoz Ao o
o} 7+& At JeEld A& HB 2 SCY A% 38
E ¥d XEe e YAt Faol2e HEE

N
i
i
o
41
r
]
o
jm
o
1o
rr
Ho
it
>
©
7]
X
)
fou
~
[=)
(e}
2

w R 7 aays

] 7 7/ 14days
| PRI 28 days 4
Vi m 35 days ::
fé\ L2 F i rw
g o £
£ i
& = e
i o8} ¥/ =
ﬁEE
£ i = o
5.z ‘s
‘ b
JE Ta | e
NC sC HB EC ES

Type of coatings

Fig. 10 Carbonation depth of coatings

3.4 BrobSto)l CHEF M By

B3 &2 A8 A3 Fig. 1094 & & %ol E
9} ECY A$E Z7)de @itsld dist A&
L A)7vo] Aol wpEt ©ikslst wEA 19
& Utk 53] ESY AS 45, 55 FHEE NC
a5l A2 ehlo] gAatglel tigh Aade] 8l
o 4 I ECY A% NCol st 70% Z=9

<
i
tn

o .

o ml
@ o o 12 fo

R0}

J,
A8l g Uehfo] ofzke] whibsl AddE TR
o} mHE Aeds & & gk

SC 2 HBY A$ 27|%H sF7KA] @itz A4 7
A7 g 53 AFAAE HAFrh SC 2 HB7L
ghatsle] thE Aol $48 AL FIAYE FH
FAE woto] olabatetav) IES £ gl AL T+
ZE A 7] YEeR Hddrnt

3.5 LjrEa|

Z3} Ca(OH), &N 1547 HAAA SAYE *W
AR WIE #FAS A3 wube] RES AR,
o] WAy, A wsl ol dEEA skt

gy Alg F 22 At ARE Adsty] 9

233 A3E Fig. 11°] YAt Fig.

11014 & & Q%o SC, ECY A% Ax4ee] #49
Hl&) tha Astd AT 2AHYUoY 2.5MPa ©
o] paEe B QAR %53 o7 HUEHW ES
o] 7% Az §-AFo] ol dZe Ad F
A} M E 2.0 MPa ©]ste] 38 S Witk HB
A% Azde e ¥ AR 3.0MPa o] F-3
Fert Z2AEo 47y $AAME e FAEE Y
ERA ATt



_ Dry condition
4k / 7 . After aliniine resistance test

Bond Strength (MPa)

ANNNNNRNRNNRANNNNY

SNANNRNNNNNN

ENNNNNNN

sC HB EC

m

Type of coatings

Fig. 11 Bond strength of coatings (after alkaline resistance
test)
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