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Abstract

Project Code : MRG4780139

Project Title : Feasibility study on application of electrodeposition method for preventing
corrosion of embedded steel bars and repairing cracks of reinforced concrete structure

under Thailand climatic condition

Investigator : Assistant Prof. Dr. Wanchai Yodsudjai

E-mail Address : fengwcy@ku.ac.th

Project Period : July 1, 2004 to June 30, 2006

Abstract : This study aims to study feasibility of application of electrodeposition method
and to investigate the best condition for closing cracks of reinforced concrete.
Reinforced concrete specimens with the dimensions of 10 x 10 x 37 cm are used. After
the specimens are cracked by applying three-point load, the MgCl,, MgSO, and ZnSO,
solutions, instead of seawater, are used for repairing the cracked reinforced concrete on
land. It is found that the electrodeposition method can be used for closing the cracks of
reinforced concrete on land. The best electrodeposition conditions investigated in this
study are using MgCl, and MgSO, solutions with the concentration of 0.1 mol/l. The
cracks are closed by the deposited product, Mg(OH),. The electrodeposits on the
concrete crack increase the resistance to chloride penetration and carbonation of

cracked reinforced concrete

Keywords : Electrodeposition, Carbonation, Cracks Repair
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=) = M Yo A ) o 9 !
HugLia llllll HUIYON Uliﬁlﬂ@ﬂmuﬂ15‘1/]ﬂ’d@‘lJﬁ1ﬂ‘iﬂ1ﬂf1uﬂﬁﬂﬂﬂlmﬂﬁ’3uN’ﬁiJ

AT NHUINA N2 AIUNANADUNIATIUTUNMINATOUNDT11AT 1 1.1,

fawalseds  dasmiwe  Fmud e W 3/4” ne AYgUA?
(NN./AT.FY.) Fud (nn.) (nn.) (nn.) (nn.) (¥u.)
240 0.64 314.5 201 990 870 8-10

M3 WHUINT N3 AaraufaLasdIUNANTDI MgSO,

daydnyal MgSO, -TH,0

Molecular weight 246.48 g/mol

Maximum limit of impurities %
Cl 0.0003
N 0.002

Heavy Metal (as Pb) 0.0005

Ca 0.005
Cu 0.0001
Fe 0.0001
K 0.001
Mn 0.0005

Pb 0.0001




M3 WHUINT N4 RaraNTiAazaIUNANYDI MeCl,
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v v J
doydnual

MgCl, -6H,0

Molecular weight

203.30 g/mol

Description

Colorless, hygroscopic crystals

Maximum limit of impurities

%

NO,
PO,
Zn
Mn
Heavy Metal (as Pb)
As

Ba
NH,

SO,
Cu
Fe
Pb
K
Na
Si
Ca

0.001
0.0005
0.0005
0.0005
0.0005
0.0003

0.002

0.002

0.002
0.0002
0.0002
0.0002

0.001

0.001

0.001

0.01

Conforms to ACS & FCC




M3 WHUING NS AUANTALAZAIUNANYDI ZnSO,
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ZnSO, - TH,0

Molecular weight

287.54 g/mol

Description

Colorless, efflorescent crystals

Maximum limit of impurities

%

Cl
cd
Cu
Fe
NO,
As
Ca
Pb
K

Na
NH,

0.0005
0.0005
0.0005
0.0005
0.002
0.0001
0.001
0.001
0.001
0.001
0.001
0.0003

0.005

Conforms to ACS
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M3 WHLINT V1 ANvanveImsanwanilasosuaninlaeaisazats MgCl,

Yy 9 o = =2 A 9
ANULVUVU NAMNATDY ﬁﬂﬂhlwﬂW ﬂ')']llaﬂﬂ']ﬁﬁﬂﬂﬁﬂﬂﬂﬁ@ﬂllﬂﬂﬁW?IﬂﬂﬁTﬁﬁZﬁWﬂ

(Tua/dng) () (Thad) MgCL, (%1.)
1 2 3 4 5 e
3 2.5 3.0 33 3.1 3.6 3.10
3 3.5 3.5 4.0 3.7 2.8 3.50
6 25 10 11 18 24 1.76
’ 6 35 20 26 27 20 2.56
9 3.0 2.5 2.0 2.5 2.5 2.51
9 4.0 4.5 4.3 4.3 4.3 4.28
3 4.0 3.0 5.0 4.6 3.7 4.06
3 55 45 45 45 49 478
6 44 44 41 35 41 4.10
0.1 7
6 24 28 27 26 29 2.68
9 32 26 50 41 55 4.08
9 52 38 33 38 37 3.96
3 39 43 45 69 65 5.22
3 38 37 37 40 40 3.84
6 44 47 45 50 53 478
28
6 41 40 35 41 40 3.94
9 78 45 45 40 40 4.96
9 4.9 5.4 5.2 5.0 5.1 5.12
3 4.0 4.5 4.0 4.3 4.5 4.26
3 4.0 4.0 3.7 33 4.0 3.80
6 35 47 61 59 57 5.18
0.2 3
6 33 3.9 3.7 3.4 2.8 3.42
9 3.1 4.5 2.5 2.7 3.6 3.28
9 6.0 6.7 4.3 4.1 5.5 5.32




4 .
AT NAUINT U1 (919)
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ANuANTY  nawmagen  dnd i anudnmsannantasesunninlaeasazane
(Tua/dng) () (Thad) MgCL, (%1.)
1 2 3 4 5 mae
3 6.0 5.6 5.5 5.9 6.3 5.86
3 6.0 5.8 6.3 6.1 5.2 5.88
6 65 70 70 75 7.0 7.00
0.2 7
6 23 20 23 24 30 2.40
9 7.4 5.6 6.4 8.0 6.9 6.86
9 34 3.2 53 4.0 4.0 3.98
3 5.7 54 4.8 6.8 7.2 5.98
3 65 66 15 70 70 6.92
6 70 65 65 60 75 6.70
2 6 65 57 60 32 35 4.98
9 59 74 60 62 65 6.40
9 60 71 71 75 79 7.12
3 45 45 40 37 5.0 434
3 6 49 64 69 39 44 5.30
9 41 36 60 36 43 432
3 60 70 57 60 65 6.24
7 6 8.0 6.5 5.3 4.2 5.6 5.92
9 6.8 7.2 6.7 7.2 5.9 6.76
0.5
3 7.5 7.9 7.8 8.3 8.3 7.96
3 87 85 83 84 82 8.42
6 70 7.0 57 55 50 6.04
2 6 5.5 6.9 7.8 8.0 7.6 7.16
9 6.9 7.8 7.8 8.3 8.3 7.82
9 63 85 87 85 84 8.08
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M3 WHLINT 12 ANVanveIMsanwanilasosaninlaeasazats MgSo,

Yy 9 v J = =R a Y
ANULVNUU nanaaoy ﬁﬂﬂthﬂW anuanmsanranaseuanin lagaisazale

(Tua/dng) () (Thad) MgSO, (11.)

1 2 3 4 5 e

3 3.0 2.0 2.0 2.4 2.0 2.28

3 2.5 2.7 2.0 2.1 3.0 2.46

6 32 24 17 25 23 2.42

’ 6 30 26 23 25 27 2.62

9 3.0 2.2 2.0 2.6 2.5 2.46

9 2.9 2.1 2.3 1.8 2.4 2.30

3 6.1 3.0 6.5 4.3 4.8 4.94

3 30 32 45 44 40 3.82

6 26 39 26 34 39 3.8

0.1 7

6 27 37 31 37 35 3.34

9 25 23 19 23 23 2.26

9 45 53 54 57 59 5.36

3 68 48 43 53 53 5.30

3 37 46 50 47 53 4.66

6 44 42 42 48 40 432

2 6 43 40 37 35 33 3.76

9 61 44 47 39 40 4.62

9 3.9 6.1 6.0 5.2 5.0 5.24

3 3.5 3.0 3.0 2.9 3.2 3.12

3 3.5 3.0 33 3.5 33 3.32

6 3.2 4.8 4.6 4.4 4.4 4.27

0.2 3

6 4.2 3.6 3.6 3.7 3.8 3.78

9 4.3 4.9 4.4 4.4 4.0 4.40

9 54 4.1 33 3.5 4.0 4.06
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ANuANTY  nawmaden  dnd il anwdnmsannantasesunninlaeasazane
(Tua/dns) () (Thad) MgSO, (11.)
1 2 3 4 5 mae
3 5.0 4.0 5.7 5.7 5.0 5.08
3 5.9 5.1 5.7 5.3 4.9 5.38
6 4.2 5.0 4.6 4.4 4.3 4.50
0.2 7
6 4.5 4.6 4.8 3.7 4.3 4.38
9 5.8 4.6 4.6 5.4 5.2 5.12
9 6.4 6.4 5.5 5.6 6.5 6.08
3 5.3 7.2 7.2 7.8 7.8 7.06
3 80 7.6 78 82 82 7.96
6 77 77 65 65 40 6.48
2 6 53 53 45 53 50 5.08
9 75 74 64 62 60 6.70
9 41 53 53 59 5.0 5.12
3 35 35 40 33 40 3.66
3 6 27 22 30 32 44 3.10
9 59 52 52 60 78 6.02
3 60 55 60 60 57 5.84
7 6 4.5 5.1 7.4 7.3 4.9 5.84
9 6.3 6.7 6.5 5.7 6.9 6.42
. 3 72 82 86 76 7.0 7.72
3 80 81 81 76 85 8.06
6 78 77 83 72 70 7.60
2 6 7.5 8.3 8.3 7.9 7.4 7.88
9 7.0 7.8 7.5 7.5 4.0 6.76
9 44 73 88 74 49 6.56
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MIWHUINT U3 ANVANUBIMIANNANLasoouani11 lasd13aza1e ZnSO,

Yy 9 v J = =R a Y
ANULVNUU nanaaoy ﬁﬂﬂthﬂW anuanmsanranaseuanin lagaisazale

(Tua/dng) () (Thad) ZnSO, (%11.)
1 2 3 4 5 e
3 1.0 1.2 3.2 3.1 1.9 2.08
3 2.0 1.9 1.4 1.2 1.8 1.66
6 35 28 18 28 27 2.72
’ 6 47 80 55 50 27 5.18
9 2.6 2.4 2.5 3.2 2.7 2.68
9 1.8 1.8 4.0 2.6 2.8 2.60
3 4.8 3.8 3.5 3.4 3.7 3.84
3 32 32 35 47 29 3.50
6 29 48 54 50 46 454
0.1 7
6 34 49 49 53 47 4.64
9 32 24 33 56 36 3.62
9 40 35 34 38 34 3.62
3 40 51 57 61 61 5.40
3 65 60 51 57 57 5.80
6 55 55 50 45 40 4.90
28
6 58 55 61 65 60 5.98
9 58 63 63 57 55 5.92
9 5.0 6.1 6.0 6.7 6.7 6.10
3 5.5 1.4 3.2 2.9 33 3.26
3 3.8 4.0 5.0 4.7 4.4 4.38
6 4.1 3.5 3.5 2.3 34 3.36
0.2 3
6 2.6 2.8 2.8 3.4 2.3 2.78
9 34 34 2.0 3.0 3.0 2.96
9 2.0 2.6 2.7 3.9 2.3 2.70
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Yy 9 v J = =R a Y
anudntu  namaaeu  Andlih  awdnmsanwanllasesuaninlavaisazate
(Tua/dng) () (Thad) ZnSO, (%11.)

1 2 3 4 5 InaY
3 4.3 3.7 4.5 4.8 3.9 4.24
3 4.7 4.3 5.5 4.3 5.0 4.76
6 36 35 67 30 42 3.40

0.2 7
6 62 64 73 13 70 420
9 6.1 6.4 7.5 7.5 8.0 4.66
9 68 71 70 59 57 420
3 7.1 7.6 6.8 6.3 6.4 6.84
3 57 68 68 60 52 7.10
6 54 61 59 66 60 6.50

28
6 61 50 52 54 58 6.84
9 53 40 52 42 44 6.10
9 60 86 77 38 60 6.00
3 65 15 63 62 60 5.50
3 6 44 53 53 53 52 4.62
9 55 83 83 57 70 6.42
3 70 79 82 72 67 6.51
7 6 8.5 8.9 8.8 8.5 8.5 5.10
9 8.8 8.9 8.7 8.3 8.0 6.96

0.5

3 8.0 7.9 7.9 8.0 7.8 7.40
3 77 13 17 18 67 8.64
6 8.1 8.3 8.1 8.5 8.5 8.54

28
6 7.5 8.3 8.3 7.9 7.4 7.92
9 7.0 7.8 7.5 7.5 4.0 7.44
9 44 73 88 74 49 8.30
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A Y Y = =2 A v
AT WHNUINT V4 WaGUf)\1ﬂ'JHJWiJ"Uu@@ﬂTmﬁﬂ"U@@ﬂTﬁﬁﬂNaﬂ‘]Jﬂi@fJLL@lﬂﬁ']'ﬂﬂfJ

asazany MeCl,

=< =K A 9
ﬂ’JﬁJﬁﬂﬂﬁ@]ﬂWﬂﬂﬂﬂi@ﬂll@]ﬂi"ﬂiﬂﬂﬁ”ﬁa%a"m MgCl2 (s534.)

#nd 1 (Tad)
3 6 9
NaMATeL ANutuTuvesasazane (luaneans)
(5’14) 0.1 0.2 0.5 0.1 0.2 0.5 0.1 0.2 0.5
3 330 403 434 2.16 430 5.30 339 430 432
7 442 587 624 339 470 592 402 542 6.76
28 453 645 8.19 436 584 6.60 504 676 795

10
g
~— 8 ]
=
RS & —* 0.1 moll
S 6
g
c —8— (.2 mol/l
24 4 -
@
= —— (.5 mol/l
1G
22
rb
[c=

0 7 14 21 28
AIMTNATOU (OU)

A = = 9 Y 1 Y
MNHUINT V1 ﬂ'NiJaﬂGUENﬂTWIﬂWﬁﬂmﬂul']_]GLU'i’f)fJLLﬁﬂﬁTJ fﬂ']ﬂﬂTi‘ﬁff]iJ!L“lﬁJﬁ@EJLW]ﬂﬁTJIﬂEJ

a, 1 o 4
3% Electrodeposition A 1%a15azats MeCl uazdnd lvihaiouen 3 Thad
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10
g
~— 8 ]
T!C
& *— (.1 mol/l
E 6
&
c —8— (.2 mol/l
Z 4
@
g —— (.5 mol/l
1S
2 2
g
G

0 7 14 21 28
aIMInaaey ()

A = = 9 Y} 1 v
DMNAUINN V2 ﬂ’)"lllaﬂaU’ENﬂﬁﬁﬂWﬁﬂLﬂJWllﬂﬁlUS’f)EJLmﬂin mﬂﬂ"lﬁ"lf’f)illl“l)’lli@ﬂllﬂﬂi"l’ﬂﬂEJ

A { o o 4
% Electrodeposition N 1¥a15azats MgCl, uazdnd lnvhnieuen 6 Taa

10 —
g
~— 8 ]
=
& == 0.1 mol/l
= 6
=
< — —8— (2 mol/l
Z 4
@
g —+— 0.5 mol/l
G
= 2
=
[c=

0 7 14 21 28
AIMInaaey ()

A = =< g Y} 1 v
MNHEUINT U3 mmaﬂmmmﬁmﬂwaﬂmﬂﬂiusammmn mﬂﬂ"ﬁ‘ﬂf’ﬂmﬁb"ui@EJLWIﬂi”I’ﬂﬂEJ

3% Electrodeposition i 1¥a15azats MgCL uazdnd lWihaiouen 9 Taad



66

A Y Y = =2 A v
AT WNUINN US Wﬁﬂl@\iﬂ')']i]!"’lli]‘lluﬂﬂﬂ'ﬂuaﬂ"’ll'f)\‘]fnﬁﬁﬂNaﬂﬂﬂi@ﬂLL@lﬂﬁWﬁIﬂﬂ

f3azae MeSO,

=< =K A Y
ﬂ’JﬁJﬂﬂﬂﬁ@]ﬂWﬁﬂﬂﬂiﬂEllmﬂi”l’ﬂﬂflﬁﬁagﬁ”lﬂ MgSO, (3.)

#nd 1 (Tad)
3 6 9
NaMATeL ANutuTuvesasazane (luaneans)
(5’14) 0.1 0.2 0.5 0.1 0.2 0.5 0.1 0.2 0.5
3 237 322 3.66 252 403 3.10 238 423 6.02
7 438 523 584 331 444 584 381 560 642
28 498 7.51 7.89 404 578 7.74 493 591 6.66

10 —
g
~— 8 ]
=
& == 0.1 mol/l
= 6
=
o — —%— (.2 mol/l
Z 4
@
g —— 0.5 mol/l
G
= 2
=
[c=

0 7 14 21 28
AIMInaaey ()

A = =< g Y} 1 v
MNAUINN V4 mmaﬂmmmﬁmﬂwaﬂm‘lﬂiusammmn mﬂﬂ"ﬁ‘ﬂf’ﬂmﬁb"ui@EJLLGIﬂi”I’ﬂﬂEJ

3% Electrodeposition i 1¥a130a18 MeSO, tazsnd lWihneuen 3 Tad
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10

g

g 3

=

18 —— 0.1 mol/l
E 6

&

= —8— (.2 mol/l
Z 4

(e

= —+— (0.5 mol/l
1S

2 2

&

0 7 14 21 28
AIMINATOU (OU)

A = =< g Y} 1 v
MNANUINN US ﬂ’ﬂllaﬂsllﬂﬁﬂ"liﬁﬂWﬂﬂLﬁlﬂll‘]J(luii’JEJLmﬂS"I’J ﬁnﬂﬂﬁ"])’ﬂllucb’lli@EJLmﬂ'iTJTﬂEJ

% Electrodeposition 1 1%a15azate MgSO, tazdnd lvihateuen 6 Toad

10 —
g
g g -
=
g *— 0.1 mol/l
S 6
&
c —=— (.2 mol/l
Z 4
@
= —&— (.5 mol/l
1G
=)
=
[c=

0 7 14 21 28
LIAMSNATOU (IU)

A = =2 9 Y} ' Y
MNHUINN V6 ﬂ’ﬂllaﬂsllﬁ]\‘lﬂﬁﬁﬂWﬁﬂLGlﬂhlﬂcl,ui’fJEJLmﬂin iﬂﬂﬂﬁ“]ff]mlﬁ]ﬁﬁ@EJl,mﬂiTJIﬂEJ

a, { [ 4
3% Electrodeposition i 1%a15azas MgSo, tazdnd Ivlihaeusn 9 Toad
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A Y Y = =2 A v
AT WNUINN V6 Wﬁﬂl@\iﬂ')']i]!"’lli]‘lluﬂﬂﬂ'ﬂuaﬂ"’ll'f)\‘]fnﬁﬁﬂNaﬂﬂﬂi@ﬂLL@lﬂﬁWﬁIﬂﬂ

392818 ZnSO,

=< =K A Y
ﬂ’JﬁJﬂﬂﬂﬁ@]ﬂWﬁﬂﬂﬂiﬂEllmﬂi”l’ﬂﬂflﬁﬁagﬁ”lﬂ ZnSO, (s534.)

#nd 1 (Tad)
3 6 9
NaMATeL ANutuTuvesasazane (luaneans)
(5’14) 0.1 0.2 0.5 0.1 0.2 0.5 0.1 0.2 0.5
3 1.87 382 5.50 395 3.07 4.62 264 283 642
7 3.67 450 6.51 459 3.80 5.10 3.62 443 696
28 560 697 8.02 544 6.67 8.23 6.01 6.05 7.87

10
=
)
=
G
=< —*= 0.1 mol/l
=
&
a == 0.2 mol/l
e
@
= =4 (0.5 mol/l
=
G
=3
—
(-0
o=

0 7 14 21 28
AMTNAFDY (TU)

A = =2 g Y} 1 Y
MNANUINN VT ﬂ’J"IﬂJaﬂ‘Uf’Nﬂ"li@]ﬂNﬁﬂLﬂJﬂﬂiUii’)ﬂLW]ﬂi”I’J mﬂﬂﬁ‘ﬂfﬂmm’lﬁ@EJLL@]ﬂiTJTﬂEJ

3% Electrodeposition 1 1%a15azate znSO, tazdnd luihneuen 3 Toad
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10

(¥u.)

=

ﬂ’J”IiJﬁﬂ‘Uﬂ\‘lﬂﬁﬁﬂNﬁﬂ

0 7 14 21 28
NANTNAFDY (IU)

A = =2 9 Y} ' Y
MNHUINN U ﬂ’ﬂllaﬂell’élﬂﬂﬁﬁﬂWﬁﬂHﬂhl‘]JGl,‘Lli’OﬂlmﬂiTJ iﬂﬂﬂﬁ‘ﬂfﬂmmﬁﬁﬂfJLmﬂiYJI@]fJ

a, { 9] 4
3% Electrodeposition i 1%a5aga1o znSO, uazdnd luihneuen 6 Toad

10

=

) | —a
& 8 A

= == 0.1 mol/l
=

=

w == 0.2 mol/l
c

7

S =4 (.5 mol/l
c
TG

=

—

Cb

=

0 7 14 21 28
NaANSNagoy (W)

A = = 9 ¥ 1 Y
ANHUINN V9 ﬂ'JﬂJaﬂeUfNﬂTiﬁﬂWﬁﬂmﬂulﬂGLU'i’f)EJLL@lﬂﬁTJ fﬂ']ﬂﬂTi‘ﬁff]iJ!L“lﬂJi@EJLW]ﬂﬁTJIﬂEJ

a { o J
3% Electrodeposition A 1%a1382a10 Zns0, tazdnd luvhaiouen 9 Toad
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A o ' = 8L A v
AT NANUINN VT WﬁGUﬂﬂﬁﬂﬂﬂﬁ‘lﬁ?ﬁ@ﬂ’ﬂﬂﬂﬂﬂlﬂﬁﬂ?iﬁﬂWﬁﬂﬂﬂﬁﬂﬂl!@ﬂﬁ?’ﬂﬂﬂ

asazany MgCl,

=< =K A 9
ﬂ’JﬁJﬁﬂﬂﬁ@]ﬂWﬂﬂﬂﬂi@ﬂll@]ﬂi"ﬂiﬂﬂﬁ”ﬁa%a"m MgCl2 (s534.)

Yy 9 1A
ANutuTuYIasazas (luanoans)

0.1 0.2 0.5
NAMATDY dnd i (Tae)
(Yu) 3 6 9 3 6 9 3 6 9
3 3.30 2.16 3.39 4.03 430 430 434 530 432
7 442 339 402 587 470 542 624 592 6.76
28 453 436 5.04 645 584 6.76 819 6.60 7.95
10
3
g 8-
=
S —— 3 yolt
= 6 —
o .—
= 6 volt
3 4
= —— 9 yolt
1S
2 2
=
(=

0 7 14 21 28
AIMTNATOU (OU)

A = = 9 ¥ ' Y
MNHUINN V10 ﬂ'NiJaﬂsUfoﬂi@ﬂNﬁﬂlslﬂhl‘l]ﬁll‘!i@ﬂllﬂﬂﬁTJ fﬂ?ﬂﬂWﬁ“lff]iJLﬁ]ﬁJi@ﬁllmﬂiTﬂﬂﬂ

an . q ¥ Y 9 1A
15 Electrodeposition nlyarsazars MgClL, ANUUNUU 0.1 Tuanoans
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10 —

g

~— 8 ]
=

& —— 3 volt
= 6

&

——

= 6 volt
2 4

2 —4*— 9 yolt
1G

= 2

S

&

0 7 14 21 28
aIMInaaey ()

A = =2 9 Y} ' v
MNHUINT V11 mmaﬂmmmmﬂwaﬂmllﬂ“lui@mmmn mﬂﬂ"li“l)”f)mlﬁlmi’ﬁ)ﬂll@lﬂi"l’ﬂﬂEJ

73 Electrodeposition N 1¥e5azate MgCL Aududu 0.2 Tuadoans

10

g

N 8
vc:

% — 3 volt
g 6

= —&— 6 volt
3 4

2 —*— 9 yolt
1G

=2 2

S

«

0 7 14 21 28
AIMInaaey ()

A = =2 9 Y ' 9
MNHUINN V12 ﬂ’ﬂllaﬂsll’ﬂﬁﬂﬁ@ﬂﬁmﬂlélﬂll‘]_lcl.ui@EJLWIﬂi”I’J mﬂﬂ"ﬁ%”ﬂml%’?\li@ﬂll@]ﬂi”l’ﬂﬂEJ

an .. A 9 Y 9 T A
17 Electrodeposition nlsarsazae MgClL, ANUUYNTU 0.5 Tuanoans
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A o ' = 8L A v
AT NANUINT U8 WﬁGUﬂﬂﬁﬂﬂﬂﬁ‘lﬁ?ﬁ@ﬂ’ﬂﬂﬂﬂﬂlﬂﬁﬂ?iﬁﬂWﬁﬂﬂﬂﬁﬂﬂl!@ﬂﬁ?’ﬂﬂﬂ

f3azae MeSO,

=< =K A Y
ﬂ’JﬁJﬂﬂﬂﬁ@]ﬂWﬁﬂﬂﬂiﬂEllmﬂi”l’ﬂﬂflﬁﬁagﬁ”lﬂ MgSO, (3.)

Yy 9 1A
ANutuTuYIasazas (luanoans)

0.1 0.2 0.5
NAMATDY dnd i (Tae)
(Yu) 3 6 9 3 6 9 3 6 9
3 237 252 238 322 4.03 423 3.66 3.10 6.02
7 438 3.31 3.81 523 444 5.60 584 584 642
28 498 4.04 493 751 578 591 789 774 6.66
10
3
g g -
=
R —— 3 yolt
= 6 |
&
= —8— 6 volt
Z 4
@
2 —&*— 9 yolt
1S
2 2
g
[c=

0 7 14 21 28
AIMInaaey ()

A = =2 9 Y ' v
MNHEUINT V13 ﬂ’ﬂllaﬂsllﬂﬁﬂﬁ@ﬂwaﬂlslﬂll‘]_lcl.ui@EJLWIﬂi”I’J mﬂﬂ"ﬁ%”ﬂml%’?\li@ﬂll@]ﬂi”l’ﬂﬂEJ

an .. A 9 Y 9 1A
35 Electrodeposition nlyarsazars MgSO, ANUUNUY 0.1 Tuaneans
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10

g

~ 8 ]

o
18 = 3 yolt

= 6

=

Ué —&— 6 volt

2 4

@

g —*— 9 yolt
G

= 2

(-B

&

0 7 14 21 28
AIMINATOU (OU)

A = =2 9 Y ' Y
MNANUINN V14 ﬂ’ﬂllaﬂsllﬂﬁﬂ"li@]ﬂﬂﬁﬂlslﬂhl‘ﬂcl,ui@EJLmﬂ'i"I’J mﬂﬂﬁ%’ﬂmmﬁﬁ@fJLmﬂ'iTJTﬂEJ

an .. A 9 Y 9 1T A
17 Electrodeposition nlsarsazae MgSO, ANUINVU 0.2 Tuanoans

10

g

N 8

=
°“§ — 3 volt
U%’ 6

= —8— 6 volt
Z 4

&

= —&— 9 yolt
1@

2 2

S

o=

0 7 14 21 28
LIAMSNATOU (IU)

A = =2 9 Y} ' Y
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Yy 9 1A
ANutuTuYIasazas (luanoans)

0.1 0.2 0.5
NAMATDY dnd i (Tae)
(Yu) 3 6 9 3 6 9 3 6 9
3 1.87 395 2.64 3.82 3.07 283 550 462 642
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28 560 544 6.0l 697 6.67 6.05 802 823 7.87
10
3
g g
=
‘”g —— 3 yolt
E 6
e .
= 6 volt
Z 4
) —_——
= 9 volt
1S
2 2
=
[cw

0 7 14 21 28
1AM INATOU (OU)

A = =2 9 Y ' v
MNHUINN V16 ﬂ’ﬂllaﬂsllﬂﬁﬂﬁ@ﬂwaﬂlslﬂll‘]_lcl.ui@EJLWIﬂi”I’J mﬂﬂ"ﬁ%”ﬂml%’?\li@ﬂll@]ﬂi”l’ﬂﬂEJ

an .. A 9 Y 9 1A
15 Electrodeposition nlyarsazars ZnSO, ANUUNUY 0.1 Tuanoans



75

- 10

=3

g
‘WC 57

G

< —*— 3 volt
c

e

- —=— 6 volt
c

&

2 —&— 9 yolt
c
1<

=2

—

(-0

&

0 7 14 21 28
AMTNAFDY (IU)

A = =2 9 Y ' Y
MNHUINN V17 ﬂ’ﬂllaﬂsllﬂﬁﬂ"li@]ﬂﬂﬁﬂlslﬂhl‘ﬂcl,ui@EJLmﬂ'i"I’J mﬂﬂﬁ%’ﬂmmﬁﬁ@fJLmﬂ'iTJTﬂEJ

an .. A 9 Y 9 T A
17 Electrodeposition nlresazaie ZnSO, ANUINUU 0.2 Tuanoans

—~ 10 —
=
g =
c 8 7
1G
e —— 3 yolt
=
o
& —8— 6 volt
=
&
> —&— 9 vyolt
=
1G
=
—
(-0
=

0 7 14 21 28
AINISNAFDY ()

A = =2 9 Y} ' Y
MNHNUINN V18 ﬂ’ﬂllaﬂ“ll’ﬂ\iﬂﬁﬂﬂl?lﬁﬂlflﬂhlﬂcl,ui’élEJl,mﬂiTJ mﬂﬂﬁ%ﬂmlﬁlﬁ\li@EJl,mﬂiTJIﬂEJ

an . q ¥ Y 9 1A
1% Electrodeposition nlymsazay ZnSO, ANULUNUU 0.5 Tuanodans



76

A = =2 A P 1a A o
AT NAUINN V10 mmaﬂﬂlmﬂﬁﬂﬂNaﬂﬂﬂi@ﬂltﬂﬂﬂ’ﬂﬂﬂ%ﬂﬂwamfNMﬂﬁﬂfJ"lWﬁW
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(Yu) 02 05 01 02 05 01 02 05
3 421 4.65 242 413 338 226 295 551
7 5.33  6.31 3.83 5.09 6.03 3.65 424 6.73
28 635 7.58 465 585 743 568 656 8.04
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a13agany AIMULUVNUVY ﬁﬂEJllWﬂT ﬂ13Glmmummﬂaa”lswawamwmammmn

(Illﬁ/a@'i) (T’Jﬁﬁ) A1e7% Electrodeposition (5.)
1 2 3 4 5 mae
22 23 26 22 24 2.34
MgCl, 0.2 6 19 21 19 16 15 1.80
33 32 27 21 24 2.74
2.1 1.9 1.9 1.8 2.2 1.98
MgSO, 0.2 6 19 18 1.6 15 24 1.84
21 23 18 17 21 2.00
21 22 20 22 26 2.22
ZnSO, 0.2 6 28 22 15 24 20 2.18
19 20 23 24 27 2.26
13 1.0 1.1 13 13 1.20
fretnalilisesuaning 12 12 1.1 13 13 1.22
13 12 12 1.1 11 1.18
fethaiiseaunnin 91 91 93 94 93 9.24
ua I 1@ umssouery 92 91 98 98 97 9.52

9.3 9.2 9.2 9.1 9.2 9.20
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Yy 9 o = 4 ) 2R Y
a13agany AIMULUVNUVU ﬁﬂﬂ‘lwﬂ'] AIUANNTITIATTUBIUTUNAITDULLTNIDYLLANT T

(Illﬁ/a@'i) (T’Jﬁﬁ) A1e7% Electrodeposition (5.)
1 2 3 4 5 m?;a
1.4 1.1 1.0 1.8 2.4 1.54
0.1 6 2.4 2.2 2.6 1.8 1.9 2.18
2.5 1.6 2.2 2.6 0.9 1.96
2.5 2.2 1.9 1.9 2.7 2.24
MgCl, 0.2 6 2.0 1.9 1.9 2.1 2.4 2.06
1.7 2.0 2.4 3.1 3.7 2.58
1.0 2.7 3.2 2.5 2.8 2.44
0.5 6 2.8 4.0 2.7 2.3 2.0 2.76
3.5 42 4.1 4.0 3.2 3.80
0.8 0.4 1.9 2.0 2.1 1.44
0.1 6 0.5 1.8 1.9 1.4 1.6 1.44
2.5 2.3 2.5 2.2 1.8 2.26
2.2 2.1 1.9 1.9 34 2.30
MgSO, 0.2 6 2.4 2.6 3.0 2.4 2.5 2.58
1.9 3.2 2.8 22 0.7 2.16
1.5 3.6 3.6 3.0 3.1 2.96
0.5 6 1.4 1.2 0.7 0.4 0.4 0.82
2.7 1.8 4.3 29 2.4 2.82
2.6 2.6 2.5 1.7 2.0 2.28
0.1 6 1.7 1.7 1.8 2.2 2.6 2.00
1.9 0.4 0.3 2.1 2.0 1.34
3.0 34 2.4 2.3 2.1 2.64
ZnS0O, 0.2 6 2.5 2.6 2.4 2.9 2.8 2.64

3.0 2.6 3.1 2.7 24 2.76
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(Illﬁ/aﬁli) (I’JEI@T) A8 Electrodeposition (4.)
1 2 3 4 5 ﬁla'ﬂ
1.6 1.4 2.4 2.7 2.0 2.02
ZnSO, 0.5 6 3.1 2.8 34 3.6 4.1 3.40
3.1 34 4.4 3.5 3.2 3.52
dreenalilisesuaning 04 05 06 03 03 0.42
0.2 0.2 0.2 0.2 0.3 0.22
fedaiiseaunnin 89 92 91 93 86 9.02
ua Nl ldrums souy 85 89 93 93 92 9.04

1 0’ Q‘J { a % 1
AT NHUINT 92 Nﬁﬂ’:ﬂilﬁﬂfﬂﬁﬂﬁﬂﬂluﬂ)’u%ﬂimﬂ!iﬂﬂuﬂﬂ ﬂTEJ‘HaQﬂ'li“]flelll“lﬁJi@ﬂllﬁﬂ%}'n

Y ax .. = ~ v W I Aa 1= Y
#7877 Electrodeposition Lﬂiﬂ‘]Jme‘Uﬂ‘Uﬁ’Jf]fJNVlmmgth‘JJiE]fJLLﬂﬂi"I’J

A15azay AN dndlulihatouen  anwEnmsasUeIAY
(Owanoans) (Trad) (30.)
0.1 6 1.89
MgCl, 0.2 6 2.29
0.5 6 3.00
0.1 6 1.71
MgSO, 0.2 6 2.35
0.5 6 2.20
0.1 6 1.87
ZnSO0, 0.2 6 3.57
0.5 6 3.95
freenalilisesuaning 0.32

o 1 =\ 9 1 nm Y ]
Gl’JfJElNll‘ifJEILLG]ﬂ‘iTJLLGIhliJulﬂNWllﬂﬁG]i@mLG]ﬁJ 9.03
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(M) IANATUVIIA 5 x 32 HY. (V) AOUNSAASTIHAN 10 x 10 x 37 B,

(! InSoanagoUiaInouUnsa

() ANNANTBEUANIT 1N T 8 . (@) ANUANTBENANT 171 TE 1™ 0.5 W,

A = o 1 Yy 9 A o 1
DNAUINT B ﬂ’lﬁl@liﬂﬂ@]’]@ﬂ’l\?iﬂlﬁ@ﬂ!LﬁﬂiTQlWﬂu’l]lﬂ“]fﬂiJ!lclfﬂ



R e

(V) nquiedinageuRIewaraan motlesiumsszmevesansazals

MWAUING 92 MITFOULBUTOULANS 1IA2Y Electrodeposition

87



(M) IOEUANT 1INDUMNTHFOULIYL

@) maanwand 1 usesuandnusinounsa
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ABSTRACT: Electrodeposition method, based on the electrochemical method, is used to repair cracks in reinforced concrete
structures located under seawater by applying an electric current. Electrodeposits of the chemical compounds is filled the cracks in
reinforced concrete and coated the concrete surface. The purpose of this study was to study the effective solution instead of scawater
for repairing the cracks of reinforced concrete on land. Reinforced concrete specimens with the dimension of 10 x 10 x 37 cm. were
used. After specimens were cracked by applying three-point load, the specimens were immersed in MgCl,, MgSO, lag ZnSO, with
the concentration of 0.1. 0.2 and 0.5 mol/L. The constant potential was applied between the reinforcing steel and the external
electrode. As a result, the both of MgCl, and MgSO, with the solution of 0.2 mol/l were the effective solution for closing cracks in

the reinforced concrete structures.
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CARBONATION RESISTANCE OF CRACKED REINFORCED CONCRETE

SPECIMENS AFTER REPAIR BY ELECTRODEPOSITION METHOD
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ABSTRACT: Electrodeposition method, based on the electrochemical method, is used to repair cracks in reinforced concrete
structures located under seawater by applying an electric current. Electrodeposits of the chemical compounds are filled the cracks in
reinforced concrete and coated the concrete surface. The purpose of this study was to investigate the effective solution, instead of
seawater, for repairing the cracks of reinforced concrete on land. Reinforced concrete specimens with the dimension of 10x10x37 cm
were used. After specimens were cracked by applying three-point loading, the specimens were immersed in MgCl,, MgSO, and
ZnSO, with the concentration of 0.1, 0.2 and 0.5 mol/L. The constant potential was applied between the reinforcing steel and the
external electrode. As a result, both of MgCl, and MgSO, with the solution of 0.1 mol/l were the effective solutions for closing

cracks and preventing carbonation in the reinforced concrete structures.

KEYWORDS: Electrodeposition, Carbonation, Crack Repair
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Summary

Electrodeposition method, based on the electrochemical method, is used to repair cracks in
reinforced concrete structures located under seawater by applying an electric current.
Electrodeposits of the chemical compounds is filled the cracks in reinforced concrete and coated the
concrete surface. The purpose of this study was to study the effective solution instead of seawater
for repairing the cracks of reinforced concrete on land. Reinforced concrete specimens with the
dimension of 10 x 10 x 37 ecm. were used. After specimens were cracked by applying three-point
load, the specimens were immersed in MgCla, Mg80, and ZnSO, with the concentration of 0.1, 0.2
and 0.5 mol/L. The constant current was applied between the reinforcing steel and the external
electrode. As a result, the both of MgCl, and MgSO; with the solution of 0.1-0.2 mol/L. were the
effective solution for closing cracks in the reinforced concrete structures.

KEYWORDS
electrodeposition, cracks, repair, reinforced concrete

Introduction

Deterioration of reinforced concrete structure due to corrosion of steel bar is an important problem
in reinforced concrete structures. Steel corrosion in concrete leads to cracking, reduction of bond
strength, reduction of steel cross section and loss of serviceability. Reinforced concrete undergoing
corrosion does not only give the appearance of poor performance, but can in extreme cases, loss it
structural integrity. It has been stated that carbonation and presence of chloride ions, which may
either have been present in the concrete constituent right from the beginning or are introduced into
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the concrete through ingress during service life are two major factors, which cause corrosion of
reinforcement in concrete to proceed to an unacceptable degree [1]. Also, the intensity of cracks is
one of the important parameters that have a great bearing upon the initiation and sustenance of
reinforcement corrosion [1]. Concrete crack is caused by various factors involving construction
technique and environmental condition. Depending on the type of crack, there are many repair
methods available such as epoxy injection, routing and sealing, and grouting.

Electrodeposition as a crack-repair method had been originally developed in Japan in late of 1980’s
by the Harbor Research institute (Port and Airport Research Institute) and the Mitsui Engineering
and Shipbuilding Co.,Ltd. [2]. The aim of electrodepositon method is to fill the crack in concrete
and to coat the concrete surface by electrodeposits of chemical compound. This can be
accomplished by feeding a weak direct current between the reinforced steel (the cathode) in
concrete structure and an electrode (the anode) located under seawater.

There are some studies on application to marine structures and also to land-based environment in
foreign countries [2-6]; however, studies on its performance and application for reinforced concrete
member under Thailand climatic condition is not yet fully explored and documented. Therefore, the
purpose of this study was to study the effective solution instead of seawater for repairing the cracks
of reinforced concrete on land under Thailand climatic condition.

2. Experimental Program

2.1 Specimen description

Concrete specimens with the dimension of
10 x 10 x 37 om were prepared. The

Crack (0.5 mm. width, Lead Wire compressive strength of concrete used was

8 cm. depth) 240 kg/em®. At the center of specimen, 6

— ~ e mm. in diameter of reinforcing steel bar

10em /) \" / was arranged. The cover depth of concrete
< : - was 25 mm. After cure the concrete

i ey | specimens for 28 days, crack with 0.5 mm

10em. |, df— width and 8 cm depth was made on the
1Ll \/ ' specimen using 3-point bending load as
— 37em —+— can be seen in Fig. 1. Since only one

Steel Bar surface area was  exposed to

electrodeposition repair, all the other

. . . surfaces had been coated with an epoxy
Fig. 1 Specimen description resin to protect it from the deposition of

the electrodeposits.

2.2 Experimental procedure

The method of charging the concrete
Power Supply specimen is shown in Fig. 2. As shown, the
Cathode concrete specimen was placed with its
il Y External exposed surface facing downward at a
= Solution distance 2 cm away from the fitanium
mesh placed at the base of the plastic
container. The reinforcing steel bar was
connected to the cathode and the titanium
mesh was connected to the anode. The
container was filled with the external
solution until the level of surface of the
solution was higher than that of the
S reinforcing steel bar. A direct current was
Titanium Mesh provide in the electric circuit to initiate the
electrodeposition process.

Concrete
Specimen

Fig. 2 Charging method
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2.3 Test and evaluation method

Three types of external solutions: MgCl,, MgSOy and ZnSO,. were used in this study. The
concentrations of the solutions were 0.1, 0.2 and 0.5 mol/L. After applying an electrical charge of 6
V. between the reinforcing steel in the concrete specimens and the electrode in the external
solutions for 3, 7 and 28 days, the concrete specimens were tested for the accelerated carbonation
test (CO» concentration: 7%, temperature; 30 °C). After exposed in the carbon dioxide chamber for
28 days, the concrete specimens were broken and were sprayed with 1% phenolphthalein solution
for measuring the carbonation depth of the concrete specimens.

3. Results and Discussion

Fig. 3 shows exposed surfaces of the concrete specimens before and after charging. As shown, it
can be seen that the crack can be perfectly closed by the electrodeposits. Fig. 4 shows the cross-
section of electrodeposited concrete specimen. As shown, it can be seen that the electrodeposits not
only deposit at the surface of concrete specimen but also deposits inside the crack. Fig. 4 also
shows the line of the deposition depth within the crack of the concrete specimen.

Belore

- Dept of the
Deposition

Fig. 3 Exposed surfaces of concrete specimens

before and afier charging (MgCl: 0.2 mol/L) ggcfeg’?;ijﬁ;;?wg ggcmgﬁfged

Table 1. Deposition depth

Deposition depth (cm.)

Solution | Duration (days) Solution concentration (mol/L)
0.1 0.2 0.5
3 2.95 421 4.65
MgCl 7 3.94 5.33 6.31
28 4.64 6.35 7.58
3 242 3.83 338
MgSO, i 3.83 5.09 6.03
28 4.65 5.85 7.43
3 2.26 3.24 5.51
ZnS0; 7 3.96 424 6.73
28 5.68 6.56 8.04




Table 1 show the deposition depth of the electrodeposited concrete specimens with various external
solutions, concentrations and durations of charging. The data of deposition depth from Table 1 are
plotted into the graphs as can be seen in Figs. 5, 6 and 7.

MgClz
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Charging duration (day)

Fig 5 Deposition depths of electrodeposited
concrete specimens by using MgCl; as external
solution with various concentrations and
charging durations

ZnSOy
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Fig. 7 Deposition depths of elecirodeposited
concrete specimens by using ZnSO, as external
solution with various concentrations and
charging durations
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Fig. 6 Deposition depths of electrodeposited
concrele specimens by using MgS0,as external
solution with various concentrations and
charging durations

Figs. 5 and 6 show the deposition depths of the
electrodeposited concrete specimens by using
the MgCl, and MgSO; as the external solutions
respectively with various concentrations and
charging durations. As shown, the deposition
depths of the electrodeposited concrete
specimens by using these two solutions are
similar in every concentration and charging
duration. It can be seen that the deposition depth
increases as the concentration of the external
solution increases. In addition, it can be seen
that, the rate of the deposition of the beginning
period (1-7 days charging duration) is faster
than that of the later period (7-28 days charging
duration). The deposition depth of the beginning
period (7 days charging duration) is 84% of the
total deposition depth (28 days charging
duration). Fig. 7 shows the deposition depths of
the electrodeposited concrete specimens by

using the ZnSOy as the external solution with various concentrations and charging durations.
Similar to the electrodeposited concrete specimens using the MgCl» and MgSOy4 as the external
solutions, the deposition depth increases as the concentration of the solution increases. Also. the
rate of the deposition of the beginning period (1-7 days charging duration) is faster than that of the
later period (7-28 days charging duration). However, it can be seen that the deposition depths when
using the concentrations of 0.1 and 0.2 mol/L are not much different but when using the
concentration of 0.5 mol/L the deposition depth is much higher than that of using the
concentrations of 0.1 and 0.2 mol/L. It is also interesting that the deposition depth when using the
concentration of 0.5 mol/L at 7 days charging duration is higher than that of using the concentration

of 0.1 and 0.2 mol/L at 28 days charging duration.
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Fig. 8 shows the carbonation depth of the
electrodeposited concrete specimens by
using various external solutions and
concentrations at 28 days charging
--------------------------- duration. As shown, it can be seen that
_ the carbonation depth of the
Corhomsion dopt Somcrite electrodeposited concrete  specimens
using the 0.1 mol/L concentration is
smaller than that of the electrodeposited
concrete specimens using 0.2 and 0.5

i mol/L. concentrations for all types of the

L L “M“ e external solutions. The carbonation

" v T 1 depths of the electrodeposited concrete
Mac2 MgS04 Zns04

:
:
£
s
[
¥

Carbonation Depth (cm.)
K = [+] @
;
:

B0.1 moln : : e
0.2 molll specimens are around 2 cm. which is

O0.5 moll smaller than that of the concrete
specimens with cracks before charging
Fig. 8 Carbonation depth of electrodeposited concrete  (around 9 cm. carbonation depth). Similar
specimens by using various external solutions and to the deposition depth, the carbonation
concentrations (28 days charging duration) depth of the electrodeposited concrete
specimens using the MgCl> and MgSOy
are similar for all concentrations.

External Solutions with various concentrations

It is also interesting that the carbonation depths of the electrodeposited concrete specimens have no
correlation with the deposition depths. It is anticipated that the carbonation depth of the
electrodeposited concrete specimens is depended on the concentration of the electrodeposits of the
chemical compound not the deposition depth. Therefore, it can be said that there is not necessary to
use the high concentration of the external solutions for the electrodeposition method as there is no
corelation between the concentrations of the external solutions and the carbonation resistance. In
this study, the using 0.1 mol/L of MgCl, and MgSO; is the most effective to resist the carbonation
in the cracked concrete specimen. For using the ZnSOy as the external solution, it is difficult to
predict its effectiveness for resisting carbonation. That is, a slight increase in concentration (from
0.1 to 0.2 mol/L) has a larger different of carbonation depth than that of the larger increase in
concentration (from 0.2 to 0.5 mol/L).

4. Conclusions

From this study, it can be concluded as follows.

1. The electrodeposition method by using the external solutions instead of the seawater can be
feasible for repairing cracks in reinforced concrete on land under Thailand climatic
condition.

2. The deposition depth is influenced by the concentration of the external solutions but do not
influence on the carbonation resistance.

3. The MgCl, and MgSO, with the concentration of 0.1 mol/L is the most effective for using
as the external solutions in the electrodeposition method in order to resist the carbonation.
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