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{ SUMMARY >

Purpose &
Contents

© Purpose

The goal of study develop active corrosion control maintenance technology of reinforced
concrete structures using CO. and CI” ions fixed organic amine carboxylate, to prevent the
deterioration of reinforced concrete structures. This In In this study, mechanism of
deterioration is proved that adversely affect the mechanical properties and durability of
concrete and technology is develop using that organic amine carboxylate can be fixed CO»
and CI” ions. organic amine carboxylate is material that it is corrosion control of source
materials and environmentally friendly alkaline.

© Contents

This study confirm possibility of the practical use of the technique by applying the concept
of a new type of active compensation techniques and identified theoretically immobilization
mechanism. Existing technology is a passive compensation technique of using an inorganic
corrosion inhibitor for preventing the reinforced concrete structures degradation. but goal of
in this study develop active corrosion control maintenance technology of reinforced concrete
structures using CO. and CI” ions fixed organic amine carboxylate, to prevent the
deterioration of reinforced concrete structures. This study is have to prove corrosion
protection efficiency and to identify fixing CO. and CI” ion source technology, it plans to
develop original technologies and practical techniques that can be utilized.

B To identify degradation mechanism and degradation Control Technology for reinforced
concrete structures

B To identify mechanism of CO, and CI” ions immobilized corrosion control

B Solution level Experiment of amine Carboxylic

Results

© Intellectual Property Rights and Research Results

— Patent application for securing intellectual property rights on technology development : 3 cases

— Objective recognition from the academic community on the progressiveness of
technology : I.LF 0.5 or more SCIE 2 articles, Korea Research Foundation publication 1
article, Korea proceeding paper 2 articles

— Based on the feasibility of product development technology : 1 prototype

— Achieving performance objectivity from authorized institutions for prototype : 2 official test reports

— Establishment of construction method to secure product performance: Process manual
(including maintenance instructions) 1 case

Expected
Contribution

© Technical aspect
= Improve the level of technology useful complement construction sector
= Consolidation of competitive power about Maintenance technology through application
of this study is extended at SOC(DAM, Bridge, building, water treatment structures)
= Through the technical development of intellectual property can be obtained
= |t is possible to actively reflect and take advantage of the market through the
development of new technologies and patent.
= Available for reliable verification of the application field level
© Economic and industrial aspects
= |t provides highly efficient and proactive maintenance technology solutions about
reinforce concrete construction
= Actively engaged expectations about organic corrosion inhibitor as environmental
construction material
= Generating economic benefits through the dissemination of Performance Based Design
Technology
= Activation of the construction industry and increasing exports of the domestic
construction market
= Professional workforce and job creation through developing original technology for
reaction control material for the harmful ion as new concept technology in maintenance
© Social and environmental aspects
= Match the social demand for development of advanced technology maintenance through
fusion technology and the introduction of advanced technologies in maintenance
= Provide eco-friendly building materials through the Environmental Impact Assessment
* Increasing demand for environmentally friendly materials Maintenance, Strengthening
overseas by securing foreign advanced technology and equal skills and expected job
creation in growing construction industry
= Promotion expectations for national assets through maintenance costs of domestic

Keywords

infrastructure
. , Organic Maintenance and
Czéggigiiégn lon Fixation Harmful ion Corrosion Repair
Inhibitor Technology
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<¥ 3.3> Ingredient of Corrosion inhibitor(Organic Corrosion Inhibitor)
. Contents of
Specific , . - . .
; Corrosion pH Corrosion inhibition Type of —ate Viscosity
gravity o
inhibition
1.0~11 80% 12.0 Organic Corrosion inhibitor Amin 10~15
<i¥ 3.4> Test factor and levels
Test Factor Levels Remarks

Organic Corrosion Inhibitor amount 0%, 2%, 4%, 6%

CO, Concentration 5%, 100% W/C(%) = 40%

Carbonation penetration depth 7, 14, 21, 28day
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<3 3.5> Mixture proportions

Type Mixture proportions Remarks
Al Surface coating material + Inhibitor 0%
B Surface coating material + Inhibitor 2%
5% Carbonation conditions
C1 Surface coating material + Inhibitor 4%
D1 Surface coating material + Inhibitor 6% W/C(%)
A2 Surface coating material + Inhibitor 0% = 40%
B2 Surface coating material + Inhibitor 2%
100% Carbonation conditions
c2 Surface coating material + Inhibitor 4%
D2 Surface coating material + Inhibitor 6%

= AeoM= a8 3.501 LtEHH HEF ZH0| A[EA = 100X 100Xx400mme| MA@ o =

T ALHME T2 AlZ & 1HE HHZ o FA| =X 0|85t AES AA|ISIC.

AYQIAL Y F=Fof of2} HHME TE ASStL KS F 2596( 232 EQ| Bt Zo|E5Y

HieH) ol =sto] Al"ES ZIdsIICE. & 3.601 AKX 2 =FS LIERD Jon] 2+ 4

HMel 282 THISEA ZZOH| 4%2 SIFCH E 3.700 AlgAE Hztst 232 E

of MiEE X AFLUTE LERAICE

<3 3.6> Test factor and levels
Test Factor Levels Remarks
None apply
i i +
| Ca(NO»)» Carbonat!on penetration 14 day 1 Apply once
Surface coating LINO, Carbonation penetration = 4000/
material 7day,14day,21day,28day
Organic Corrosion inhibitor

* Corrosion Inhibitor-4% by weight of Surface coating material

<I 3.7> Mix proportion of concrete

Unit Weight(kg/m?®) .
W/C(%) Fine Coarse AE Compr&sgg/e S)trength
ays
Water Cement aggregate aggregate agent Y
65 176 288 925 903 4.70 21.5
Organic Inhibitor % Fony s Carbonation depths

Concrete

100

+Unit : mm

A-A Cross section

<13 3.5> Shape and size of the specimen for suppression of Carbonation
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@ FZIEhrtet Wit ZAop & 24

FZleRtets ZYLE[EE s Z32ETF 7| S2of iAol EHF= Qloff 2z
2lMolM Sdez Holvts Aolct ZIE|EdME H=sZE el AlfE 2F5t01 &el
St= Wilez FZA2|EQ| Bhitst setE2 seleitt. & AFoME olgiet WS 0[&E35t
of 774 YENMIF el EHISMO| C0, nHEHES =Helsict. E 3.80 EHital
ZFzol EEZnE e e T8 3.6z I8 3.70 5%2f 100% EttestsE =74
oMol EFZo| SEZE HERHAUCY.

<3 3.8> Result of accelerated Carbonation

= Carbonation penetration(days)
ype
7day 14day 21day 28day
Al 2.37mm 4.35mm 4.66mm 5.49mm
5% Carbonation B1 1.77mm 2.91Tmm 3.58mm 4.41mm
conditions C 0.92mm 1.12mm 2.48mm 2.97mm
D1 0.28mm 1.34mm 2.22mm 2.74mm
A2 8.93mm 10.25mm 12.75mm 13.56mm
100% B2 5.33mm 7.27mm 9.80mm 10.87mm
Carbonation
conditions c2 3.83mm 6.35mm 6.74mm 8.52mm
D2 3.21mm 5.79mm 6.30mm 7.41mm
15
-m- Al(Inhibitor 0%)
12 —+ Bl(Inhibitor 2%)
E —s— C1(Inhibitor 4%)
=
Z 9 —— D1(Inhibitor 6%)
E
=}
=
=
= 0
=
2
5
©o3
0
0 i 14 21 28

Time (days)
<713 3.6> Result of accelerated Carbonation (C0,—5%)

A HEH =lof 4%, exollM= BHUSIEFZI0I7F WAl LERTE ol= ®7(Al LEA
=32/ Eof| CO.7t o2l FEdet AZYAHoz HHES5H0] B

E = o o Dlj
e eefe] 22 S ddstol otdstE el = C0, DTt AV| mEel Aoz B



15
= A2(Inhibitor 0%) L
& B2(Inhibitor 2%)
12
—e— C2(Inhibitor 4%)
g 4 D2(Inhibitor 6%) f
g
Z 9
o — 3
=
(=9
%] b
=
5
= 6
o
=
(=]
=1
)
«
o 3
0
0 7 14 21 28

Time (days)

<2 3.7> Result of accelerated Carbonation (C0.—100%)

SHEH I 2E EHIsAe Txo wE EHEE Mol AFEZEDE E 3.90| LERY
A0 Ageni, T 3.82 MY 28AoMel FEI ERME EHFZI0|E LIERMHCH EE 14
2F HT ERMEHE 222 ZI2|E AlFAO st EHISME 242 XIEStso] £
AlSst = CHAl 5% ERMSE sEZHAA FHE ERMSIE A™SIICEH FX ERMEL 52
of 21t 77[H wHMIt =& FHILSME TESH AAHAIE 7|E of2MAH WEHME
=est FHIL =EMECH AFA0IZ7F O &2 A=z HEMGCE ol8st Zit=s, & =20
M g =0l C07t 7| & ot LA WHMECH R7|ACl offlwEAet AYMo=z IS
St EFUMRXLEL =[HA MM AEfe] SAES MAMSto] oM stEl MEfE EX SRV el
Ao 2 HohEICH
<# 3.9> Result of accelerated Carbonation
Carbonation penetration depth(mm)
Type Carbonation penetration(days)
14day +7day +14day +21day +28day
None apply 5.12mm 7.48mm 11.65mm 15.27mm 20.74mm
Ca(NOy), 5.17mm 6.34mm 6.99mm 8.54mm 12.56mm
Surface LiNG; 5.09mm 627mm 6.85mm 7.117mm 10.78mm
coating Organic
material Corrosion 5.15mm 5.19mm 5.45mm 5.64mm 6.67mm
inhibitor

(d) Organic
Corrosion inhibitor

(a) None apply (b) Ca(NO2), (c) LiNO,

<78 3.8> Carbonation penetration depth(28day)
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2) AMxtE SEEAM(TG-DTA)
@ Alsjure gl 7 gl
TG(Thermogravimetry, Z&&H)-DTA(Differencial Thermal Analysis, A|XIEEA{H)
EAH2 dEAMH T2 25 E MAMS| 0|H 2EHstol st S22 MEfHE=
Ztzto| 220 w2l EMo| ct27| w20 o ZFHoAL| MEfHSIE ZAISCZMN AR
= o SZ0| ol M &R0 JUs7E & 5 Ut 595, ERZEE 2 FAMSIZEE
S Mol FZ ERMSIe| MEE HHHo=z ﬁF‘l.éh_ﬂ & f 3ot M= 2
t = Z|od, 2F 100C M EVX|= EHst

e A

T=0| ¢ 7._45%':}. 100C of&tollA 250C 7HA|=

H gel ===t=2| =Zai7t Loftct. 250~350C ofl

| EF5to ==3517| mjZoll o|Mlet olo|l2 2 &
do| gk, 450 7 500 C7F 2| ket [Ca(0H) &2l (0H) Z2E =7t 245101 Cal
2 Zofi7h Lo, 850~950Ce| 1HEE H2™ CaC0s2 CO, =oli 7t Lo{LbA Elct. 02
o= 232E 2o 2™t wat=ol raE A27F 4=(Si0,)0l 25 300C F2oM=
1XL AMEf B0|E L2704, O[+A11(CaS0, + 2H,0)= 1207 150C F20AM kA1 (CaS0,
- 1/2H,0) 2 HetelCt

Ca(OH)g — (a0 + Hx0 Al 3.6

CaC0s— Ca0 + CO. Al 3.7
AXIESHEAM AR 2 =22 R7|H WEHA e =iz e THISME o4t
AStUCE #® 3.100 AR Y F=ES YU, ¥ 3.110( AlAA 2| oY

<i# 3.10> Test factor and levels

Test Factor Levels Remarks

Organic Corrosion Inhibitor amount 0%, 2%, 4% W/C(%)
= 40%

CO.Concentration None 100% 28day

<i# 3.11> Mixture proportion

Type Mixture proportions Remarks
Al Surface coating material + Inhibitor 0%
Nonel B1 Surface coating material + Inhibitor 2%
Carbonation
C1 Surface coating material + Inhibitor 4% W/C(%)
A2 Surface coating material + Inhibitor 0% = 40%
o .
100% Carpqnatlon B2 Surface coating material + Inhibitor 2%
conditions
c2 Surface coating material + Inhibitor 4%
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AL
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TG-DTAS| S2Z=7HE 20C/min2 =2

@ TG-DTA

up

2 FhollM e Lol ot

4
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=o

TG-DTA Zxt 124

g4

=

413.8,

of #of 7|& ¢

g

)

[=]
—

A+E/CO:

[=]
—

[450C~500C] X (Ca(OH)2At/H02AH)
[850°C~950C] X (CaCOs

0o
o

[}

NP2

Al 2 Zb2E

850 " 950C

Wl
ol

-

ol
ol
il

©l

or
ofu

wr

fRck I &, B, C AlZ22l €02

5

AA

mup

Zlsto 522 ofLt

Ko

dd 7P dE€A 2=

AHgI

a2

=

SAIHEH] 40%

LIERH Zdo|Ct.
H =2 AlZE Type-B1(2%) 2} Type-C1(4%) =

=

=

e

<
—

F

il
—

b AIZ Aol

;
tod

Uk

wsto{ F7(H &E

| Type-A1(0%) 2} H|

ko)

il
™
Klo
0

b, Type-B12t

Ol
~

ol

ol

S

_l

g

X
S

Type-C1 2| &% &

(%)
7.96
15.36
31.05

Calcium
ratio after
27.31
28.73
37.95

carbonation

Calcium

ratio after

carbonation
(%)
17.70
13.61
13.00
12.07
12.24
11.39

LIEFLH AT

after
carbonation

(mg)

2.40
3.54
6.71

7.37
9.15
8.98

Calcium
Carbonate mass | hydroxide mass | Carbonate mass

28

CHe| C02 M2 A |
Calcium
hydroxide mass
(mg)
5.34
3.14
2.81
3.26
3.90
2.69

after carbonation

3

o

Al
BT
Ct
B2
c2

<3 3.12> Results of the amount of calcium hydroxide and calcium Carbonate

Type

None
Carbonation
conditions

100% Carbonation



<3 3.13> Result of CO, fixation mass after Carbonation

Ao None Carbonation C0,,100%
yp CO, fixation mass(%) CO, fixation mass(%)
A 3.50 12.01
B 6.75 12.63
C 13.65 16.68

i e-e_ -—_-—_—_—e——m
i BCO2
e O Other
80
g o L
= G R6.3I8
= 93.25 | : 8635
= | |[EEE G
2 40 Hnian
B SEresp e iRk
20
0
Type
<718 3.9> Sample mass vs. CO, fixation mass(None Carbonation)
100
mCo2
0O Other
80
S 60
2 87.99 87.37 83.32
-1
=
2 40
=
20

29
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<18 3.10> Sample mass vs. 00, fixation mass (C0,, 100%)




TGA

DTA
mg uV
so.oof T . 1900
CaOH, -7} 2 f
H,0221.30m = 8 !
2 g X H,0 ERE: |
> CaOH, &3 534mg !
o 1 -100.00
40.00+ i CaCo, -E—Z};“%}‘
== 1.06 mg X COZ -\-?]—2]-% :
:I______ "__.'__.'__.'__.'__.'T_.‘__.'_-.'__.'__.'_-.__.:.:“:l.'::‘i:.:T_Jif.':f:.':.'__"__.'__.'__.'__.'__.':.'__.':.':.':I.':.‘_:_._. J J 1] _200‘00
-0.00 200.00 400.00 600.00 800.00 1000.00
Temp [C]

<712 3.11> Result of TG-DTA (A1-None Carbonation)

3) SEM-EDS &4

Agxoz SEN-EDSE =Fsty| flstol 1B 3.129F Ze FE-
Tescan Ltd., EDAX APOLLOX, Ametex Ltd.)E At23lo{ &A™
ExEMES SEM 2AM 2 Soto] AAISHFCEH Agelxt 2

EM, EDS(MIRA3 LMH,
HEfofl ot &fmt M

0

[

THo

10

[N

02

—

Z==o| =X
- = —

TEL iR EE AR E B 2
A(TG-DTA) 2t Ss5tAl sietel 6572 AldAol tistod X|E 100mm, F7H 17 2me| AlE
HE HMZsto] Q2 E(2043)C, &5 80% OlatollAM 24A|2F At = ErdEs5to] A 28
L7HR| 2= (20+£3)C, &X (60+£10)%0llAM detct, T2|3 BEHdtst I EH‘_@F ST
100%01 A FZ AT 2 Bttt = ol% 65

EXM 2 A|RF

SHE AlRfeiC).

<33 3.12> SEM-EDS &3 &4
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Al 58 T, SEME S5t Al 258 =olet = Ueny, EDSE Sall 1 Alz<
HAAMES metstict of mf EDSe| A<, 2+ fla MEe| ZEd|gy AXEERE H|
22 Z1ipJt d&50{, o mf EZH|ZM peakZ} LIERHO{ZRICH, F 3.14= AMEE EbA
M ZFe AZH|E LIE D Ach, 2 oAFe| SEM-EDS AEHZIoA & = USZ0| O]
AMSIERS D™HSIZ 2l5H0d i‘—’ﬂ%ﬂf&% Sot0{ EtAZF0| BIlstAl =of, =2|o| HE,
=2 M2A =20 XK= AS =elet = At FI|1H dEHA el = &kl w2t 02
IMZo| BItetAl =Hof Ebaet Mol AH|IF Bobst=s WS Eelgr = Jyct O
3.132 ERMsE Z=ZAHo|Me| 2t o] 22| =&} EDS peakE LIEILHUCH

<¥ 3.14> SEM-EDS A&l Zjol wZE o|2 H ZEl 2|
HIEMSE SE=A 100% Ebdsl S ==
o 0|2 A=H|(%) ol Z2k[(%)
Et2~(C) &2(0) Z+&(Ca) B (C) 2t2~(0) Z&(Ca)

A 2.84 34.22 40.48 7.94 33.48 33.79

B 3.52 38.08 42.80 9.07 36.51 37.71

C 8.53 42.95 4116 10.40 42 .01 37.16

*A . OPC + Water,
*B 1 OPC + Water + Inhibitor 2%(&2&|Z2H])
*C : OPC + Water + Inhibitor 4%(=x|Z12H )

EDS (uantitative Results
Element Wt% At%
K 2.84 5.81
0K 34.22 52.50
FeL  4.66 2.05
MK  1.17 1.18
AIK  2.13 1.94
SiK 10.10 8.82
K 1.01 0.77
KK 3.39 2.13
CaK 40.48 24.79

EDS uantitative Results
Element Wt& Aty

€K 7.94 13.53
DK 33.48 62.02
Mgk 0.83 0.70
AR 0.87 0.66
SiK  7.46 5.44

SK 0.62 0.40
CaK 33.79 17.26

SE1 ———10pm 2000x SE1 ———i10pm

2000%
C: \EDAX32\GENE SIS \GERMAPS . SPC C: \EDAX32\GENES IS\GERIAPS . SEC
K:15.0 Tilt:10.00  Tkoff:46.57 Reso:12§.5 fump,T:12.8 :i5.0 Tilt:10.00  Tkoff:36.93 Res0:128.5 Amp.T:12.8
FS : 269 LSec : 9.4 Pret:10C 8-Hov-2013 15:46:43 FS : 765 LSec : 18.6 Prst:20C 30-0ct-2013 16:13:45
13 untd
Baz
B16 6
i) =]

<ad

il

31




EDS Quantitative Results EDS Quantitative Results
Element Wt% At% Element Wtt Aty
K 3.52 7.29 CK 9.07 16.02
OK 38.08 49.87 DK 36.51 56.39
MK 1.16 1.19 Mgk 1.12 0.98
AlK 2.05 1.89 AlK 1.22 0.96
SiK 10.37 9.18 SiK 7.16 5.41
Mol 274 0.71 Mol 1.21 0.27
KK 2.28 1.45 CakK 37.71 19.97
CaK 42.80 28.42
SE1 ———10pm 2000% SE1 ———10pm. 2000%
C: \EDAX32)\ GENE SIS \GERMAPS . SPC C:\EDAX32\GENESIS\GEWMAPS . SPC
KV:15.0 Tilt:10.00 Tkoff:47.25 Reso:128.5 A, T:12.8 xV:15.0 Tilt:0.00 Tkoff:42.43 Reso:128.5 Amp,T:12.8
ES : 248 LSec : 9.4 Prst:10C s-Nov-2013  15:52:18 FS : 496 LSec : 15.6  Prst:20C 30-0ct-2013 _ 16:17:19
uare la st
ca
25 1
leco B0
176 B0
300
g si
vl
lfig;
i
AL
My
B0 Ho
i s sl TF Oy W i m el
1.00 2,00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 Kev 1.00 2.00 300 4.00 5,00 6,00 .00 8.00 9.00 KeV
— ElAlS d — ElALS [¢)
(c) B1 — H|ERMZ B2 — Ehit=h 100%

EDS Quantitative Results EDS Quantitative Results
Element Wt Ath Element Wts Ate

&K §.53 14.97 CK 10.40 18.02
0K 42.95 56.60 UK 42.01 54.68
Wil  1.28 0.46 MoK 1.63 1.39
MgK  1.12 0.98 AIK 2,00 1.5
RIK  1.54 1.21 SiK  8.56 6.34
SiK 10.41 7.81 MoL 1.26 0.27
CaK 41.16 17.97 CakK 37.16 17.75

SEL ———10pm 2000% SEL ———10pm 2000%

C:\EDAX32\GENESTS \GERMAPS . SPC C: \EDAX32\GERESIS\GERMAPS . SPC

KY:15.0 Til1t:10.00  Tkoff:33.49 Reso:128.5 Amp.T:12.8 *:15.0 Tilt:10.00  Tkoff:45.27 Reso:128.5 Amp.T:12.8

FS ; 422 LSec : 18.7 Prst:20C 30-0ct-2013 16:21:13 Fs : 311 LSec : 9.3 Prst:10C 8-Hov-2013 15:50:44

unt st

a
7 pas
oD vy " b, "
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 keV 5.00 6.00 1.0 8.00 9.00 KeV
- ElAlS C — E}lALS [¢)
(e) C1 — B|ERM= f) C2 — Et&tst 100%

5|
==

=

21}

<2 3.13> SEM-EDS peak 4!
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Porosity(%)
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a Type a Type
(a) A1 - H|ERMS} (b) A2 — ERAESE 100%
<J8 3.15> 338 AgZnt
0.012
None Carbonation —— Inhibitor 0%
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=
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v v
HARSE-ASTM C 1152 1288 =-ASTM C 1218
(012 ul &= 75mi] (012wl &= 50mi]

( Se ZIAH1:1) BB 27} ] ( 5EZH 2Ol 24A|ZHLA] )

( THEEA RO 3m(30%-281S M) )
!
( HEISRIR| KIAJSE 3t m}—
A A0

28X

B 7187}

HES0[ofl 212t 012t

v

Hex HY

BEA MY SHTY U RN Z29

@ Aszz 3 24

2 AFoME AHE HOo|AE W ¥ao|2e M35t SEMASHM 2EZE0|E 4
EF2o| o|st AeAd= F 3.1801, HAEHE FAIFZIC| 5 Cycle, 10 Cycleol| CHet Al
w2 E 3.199F F 3.200] LIERHRACE |I|A @A =edzn RFAMe, FAHNED)
o ZHAHl= I8 3.241F O& 3.250] LIEILHSISD], RE FAEZX Z=ZolM H20[2(Cl)
5h22F 1.2 kg/m2} 2.4 kg/mollM HEZEAlS| HWyly|=2 RAIXML(ASTM C 876) -350 mV
olstel RAISEZ HIteh F9, WM = w2 Ao thstod FAIMRl= =]
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3|33]2] JCI-FE(JICI-SC4 2IAEIE Fx=o| T4 dialof 2bsh Alggrg! ol FF(oh)
2 F=85l0d Mol == a2 (MYEstE) 1 2o 5= g2 (AfEEgsE)2 Ur
of Zt HEEE 55 o|A BEM S MAISIRCE



ASTMOILE JCI AZOME ZaZI2|EY YPstE2S =Xst0] MIEZA|Ro| EZH|Z L}
EliD Qlon, 7|=odFoMe AsoMel 5 MEsISZoM MI US| AeHst
=22 Iehete ARHsE2S TMstZol2ln M otslgct 2 odFoAs AIHE Ho|
AE U YstE 22 |7|AwEFe selzo w2 PAole nXNsizke| MEkst Al
M2 2siM EUAZE 105C2 HER oA atZo| 2 x| HAZEAIF HZE Fo| Al
22 ZXYD, |7|A wEMe B w2 A|HME Ho|AEL ¥Ao|2(CI-)ER
2k 1.2 kg/m’2} 2.4 kg/m*ollA EX™st AlelAD= F 3.187 F 3.200 LIERHD U0,
HasAlo| AF™Mol Hats o|xle ApYPstEaFe I8 3.260f LIERHD 4T, M5}
E2te g8l 3.27, 1MYsEe 18 3.280 LIERAQICH

72t BEAEE xmHo HA0|R SRUMET RI|H LA el EQlZ0| ZytaLE Al
E Ho|AE W =X|sl= Ag Yalee I ZAsEon |I|A WA I ¥Ao|
21} H25t0] Hal=0| DA EIEQY| RS2 EohElch

olAtT} ZHo| |I7|H WAME FAolR NXsIz YPEo| oist wHEI) Altjdoz
=2 712 ¢ £ T HstE DHsIZ QS 2 KUl - o AsRIXl XM S
o| f438t2 solslyct

<X 3.18> Autoclave &ZXId| st CI- ™St
o o 512
HAOIRE | yalt o SR | =4 AstEE )
No. | Sikg/md” |BBMEB™ |y TosE) msig(%)| | MF 2% z
(Molar ratio) | ™™ oBIE(%) | HIHET(%) | HSHEZ(%)
1 0.0 =377 14.6 0.0080 0.0333 0.0413
2 5 0.3 -349 12.2 0.0055 0.0358 0.0377
1.2kg/m
3 0.6 -337 4.7 0.0037 0.0376 0.0375
4 1.2 -314 2.7 0.0015 0.0398 0.0309
5 0.0 -395 24.5 0.0199 0.0798 0.0997
6 5 0.3 -350 10.0 0.0181 0.0816 0.0873
2.4kg/m
7 0.6 -338 5.7 0.0164 0.0833 0.0769
8 1.2 -312 2.1 0.0098 0.0899 0.075
<E 3.19> zHsdt= BAl=Xof <98t ¢I- D&™3E (5 Cycle)
o o 512
HAO0I2Y | wyally byzy | FAEE | =y AshE (%)
No. | Sg/md) | B8R | (' csp) | mixe(%) 7 ks ol
(Molar ratio) ’ oI BHE2H(%) | B B2 2H(%) | BHE 2H(%)
1 0.0 -358 6.4 0.0083 0.0341 0.0424
2 0.3 -343 5.4 0.0064 0.0360 0.0386
1.2kg/m®
3 0.6 -317 2.1 0.0046 0.0378 0.0372
4 1.2 —-298 1.8 0.0031 0.0393 0.0303
5 0.0 —401 11.8 0.0207 0.0762 0.0969
6 0.3 -359 10.2 0.0191 0.0778 0.0897
2.4kg/m?®
7 0.6 -346 9.7 0.0173 0.0796 0.0758
8 1.2 -309 1.7 0.0102 0.0867 0.0752
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<¥ 3.20> HASE=

ClI- &St (10 Cycle)

F—— o 52 2(%)
No. | BEOIER | walmsee | SHUH | FA At s o
(kg/m°) ( i0) (mV, CSE) | H&&(%) s I == P
Molar ratio o SHE 2H(%) | BB 2H(%)|H &2 (%)
1 0.0 -380 18.3 0.0079 0.0322 0.0401
2 3 0.3 —-361 16.0 0.0048 0.0353 0.0374
1.2kg/m
3 0.6 —346 9.3 0.0021 0.0380 0.0368
4 1.2 -311 18.8 0.0011 0.0390 0.0314
5 0.0 -392 2.9 0.0197 0.0770 0.0967
6 3 0.3 -377 18.7 0.0175 0.0792 0.0866
2.4kg/m
7 0.6 -352 16.7 0.0166 0.0801 0.0811
8 1.2 -322 2.2 0.0086 0.0881 0.0746
600
Accelerated Corrosion
molar Ratio 3
Autoclave, 5Cyele | 10Cycle
500 | 0 U
= 0.3 = = -350mV below, High, greater than 90%
8 0.6 [ ] ] 52 probability of corrosion
400 1.2 ] i ]
E - D - === S| | — S——— . —
= 200
0

<8 3.24> 2AIML2|2} Molar ratio

Accelerated Corrosion
molar Ratio
Autoclave| 5Cyecle | 10Cycle
25 | 0 O 22
0.3 i) Z =
— 0.6 [ ] [ EA
a~ 1.2 - ] 23] [ ]
T 20
o—
- 5%
= pses -
- posss
e
- peses:
s 15 e
=% £t
= B
= pesss
s
g
pased
= 10 | b
i e
=] 5
s
- eses
= i3
s
~ 5t i
s
s
ks
s
s
i
ot 333
beses: 333
0 b2t 43

1.2

Content of CI- (kg/m?)

2 atBEyTel B [F£AEE]

Content of CI- (kg/m?)

<38 3.25> EAHM 3 Molar ratio ¥ Hat= 2o
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Reference |
Electrode

\
Specimen ——’—4‘ /)

—— | Test

<18 3.30> Potentiostat T+ |

| Counter
Electrode(s)

Solution

<E 3.23> MEUR W +F
Nitrite Corrosion Inhibitors Organic Corrosion
inhibitor [Amine]
Content LINO2 Ca(NO2)2 (CH3)2NCH2CH20H
No - Molar " Molar . Molar . Remarks
of CI atio Addition ratio Addition ratio Addition
[CI']/ 3 [CI'l/ 3 [CI']/ 3
[NO, ] | Ko/m™ | [o(No,)] | ke/m [OH ] ka/m
1| 0.0kg/m® 0 0.00 0 0.00 0 0.00
p) 0 0.00 0 0.00 0 0.00
3] e e 0.3 1.08 0.3 2.04 0.3 0.45
. m
4 . 0.6 215 0.6 4.47 0.6 0.91
5 1.2 4.30 1.2 8.94 1.2 1.81
6 0 0.00 0 0.00 0 0.00
7 0.3 215 0.3 4.47 0.3 0.91 _
1.2kg/m?® Saturation
8 0.6 4.30 0.6 8.94 0.6 1.81 Ca(OH).
9 1.2 8.60 1.2 17.89 1.2 3.62 Solution
10 0 0.00 0 0.00 0 0.00 (?Soﬁg/
"o, g/t 0.3 4.30 0.3 8.94 0.3 1.81
. m
12 0.6 8.60 0.6 17.89 0.6 3.62
13 1.2 17.21 1.2 35.77 1.2 7.24
14 0 0.00 0 0.00 0 0.00
15 a8k 0.3 8.60 0.3 17.89 0.3 3.62
. m
16 - 0.6 17.21 0.6 35.77 0.6 7.24
17 1.2 34.41 1.2 71.55 1.2 14.48

<O 3.31> AlgH

M= (Before)

42

<38 3.32> AlgH

M= (After)




@ Tafel 29|

Sl A
Mo gA HEE ¥HMoZ mjetsty| fsiMe F4 MRS AdsHH =t a8
3.340 LtERAH Hiet Zto| HZo| RAMEUE 7 (uA/cm2)= Anode &==3413} Cathode
==3M0| o= HoMe| MR 2LEo|7| mfFo Zzte| E=S3ME HEs| Fdohod
T = Ack. ESH AFHoMe E2aM2 XAAMR] Z2EH 10 nv ME)oM= MM
2 LiElHo], XANMZ2FE D[aE3IE AER} 0] 232 wWMAZ7|=H 2Tt AFH
A2Fel Hleo| == Al 3102} Zo| FAMT LIt ZAMSZ dHlg| 2tAH 71 =lCt.
N 1 BXB, 1
L, =K- =K = — Al 310
AFE R, 23(6,+3) R,
K Efg A, (,06, ' 83 ¥ <39 Bl
R, 22X 5 (Polarisation resistance; m?)
Aj 2328 YMA7| =0 ZHest MEE
AE . O3

0{7IM, K& 253F ¥ #Sd=AHo Z2-=+= =0|0{, Stern-GearyatT=2ZAM, 32|
E Zo| ZXEF 26 mV7}F ol At2=E|o{ZIct, Andrade= A AENOIM 26

mv, FSEf&E]of A etst Ack

= >
x5
nr —
o =
© o
=
- rir

- T T I"| T T T 1 |'| T T T T 117
-200m¥ Tafel plot
Anedic
-300mVv
*/ EC&F‘F‘
-400m¥ -
Cathodic
-500m¥V i -
1 L L 1 LLL I l‘_jll L L 1 1 i | L L 1 1 1 Ll
100n4 1mA - 10mA 100mA4
<18 3.33> Potentiostat2 0| 2%t Tafel plot
CR=1,. KEW/dA Al 3.11
CR : A2 T (mpy)
K : Ak 1.288%10°
EW : The equivalent weight
d : e
A : Sample Area
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28t Potential sweep ratec

10mV/min2 2 stF a0, = 0~1 MAS st2Ch T2 3.330A A
=9 A MRLUE = Anode E33M1} Cathode E=I4M0| ght= FoMe HEF
LE0|7] m=ofl Ztztel E==ug HEs| S8 o UctH o] g2 F8e = Aot

@ A¥ZL & EMIE

I 3.24= EZot pkEtdE FEN oMol MI|ateN WA Y Mol HADE LIE
L Act dAAF M= LHHM 2l SFoll 2Aglol =SH[7F 0.6 =1A| F40] A[ZfEICHD
LHAYH AAUSLE = AFoM = olFeh HEHA el 42 =H| 0.60AM HFEE YHLEsE
stEeh giH | F7(H SEA e o= =H] 0.30M tHFEE2 HHHsSS et A=z
Yot=[dct, olzjet 2otz S =ZH[olAM orEd HEMECHE /71 SEAl WAy

0ot

21

<I 3.24> 4

Organic Corrosion

Nitrite Corrosion Inhibitors inhibitor [Amine]

LINO Ca(NO CH3)2NCH2CH20H
\o| Content 2 (NO2)2 (CH3)
of Cl Ecorr | Icorr | CR Rp Ecorr | Icorr | CR Rp Ecorr | Icorr | CR Rp
mV. uA/ 2| mV. uA/ 2 | mV. bwA/ | mp 2
CSE | cm2 | MPY | QCM™ | ogp | cm2 | MPY | RCM™ | ogp | om2 | 7 | fcm
1 | 0.0kg/m® | —207 | 0.092 | 0.20 | 282.6 | —207 | 0.092 | 0.20 | 282.6 | —207 | 0.092 | 0.20 | 282.6
2 350 | 098 | 122 | 26553 | 350 | 0.98 | 122 | 2653 | 350 | 0.98 | 1.22 | 38.81
3| oekqm? |_350 [ 073 [0.98 [ 3567 [ -351 | 0.83 [ 0.78 | 31.33 | -312 [ 0.22 [ 0.28 [ 100.00
4| 09 333 | 046 | 0.77 | 3916 | —342 | 0.47 | 0.73 | 55.32 | 309 | 0.21 | 0.22 | 118.18
5 283 | 019 | 0.44 | 63.41 | —291 | 019 | 0.46 | 83.87 | —208 | 0.11 | 0.13 | 166.4
6 381 | 119 | 133 | 2185 | —381 | 119 | 1.33 | 21.85 | —381 | 1.19 | 1.33 | 21.85
7| 4 g |_358 | 087 [ 1.02 [ 2089 | -338 | 0.44 [ 122 | 58.82 | 298 [ 0.20 [ 0.35 [ 106.56
g | 9 —311 | 055 | 0.85 | 47.27 | —297 | 0.44 | 0.99 | 59.63 | —291 | 0.19 | 0.24 | 122.64
9 318 | 020 | 0.32 | 8125 | —301 | 0.21 | 0.55 | 83.07 | —290 | 0.18 | 0.14 | 144.44
10 —430 | 126 | 155 | 2063 | -430 | 1.26 | 1.55 | 20.63 | -430 | 1.26 | 1.55 | 20.63
1] e |_—308 | 1.05 [ 145 [ 2476 | 380 | 1.04 | 1.02 [ 25.00 | -324 | 0.21 [0.27 | 83.60
12| =™ —340 | 045 | 088 | 57.78 | —318 | 022 | 097 | 8818 | —278 | 0.11 | 0.22 | 146.09
13 338 | 022 | 062 | 86.67 | —280 | 020 | 0.54 | 129.3 | 262 | 0.10 | 0.14 | 170.5
14 —438 | 150 | 1.76 | 1733 | -438 | 15 | 1.76 | 17.33 | -438 | 15 |1.76 | 17.33
15| 4 g |38 | 0.90 | 1.54 [ 28.89 | 383 | 0.67 | 1.61 | 38.35 | -360 | 0.3 | 0.19 | 60.19
16| "~ —344 | 0.86 | 0.94 | 3023 | —385 | 0.32 | 1.10 | 79.03 | =311 | 0.19 | 0.17 | 95.94
17 327 | 023 | 043 | 49.06 | 349 | 022 | 040 | 97.74 | -302 | 0.19 | 0.14 | 123.81
@ YEM SFRYE FAML
O 3.34%F O3 3.358 ZtZE ofE A WEME FI|H WAEAME M=z 2EEH|of
o2 FAIMRE LIEPH Zdo|ch ofAAF WMt R7|A AN 25 @E=dH|7F SIte
TE FANR=E AHAX= A2 & = UARJct ESH O 2,350 LIERAH HERb ZHo] E 2
Ao HI|z=g2 HAIML(ASIM C 876 -Standard Test Method for Half-cell
Potentials of Uncoated Reinforcing Steel in Concrete) -350mV O|5le| HAl&tE=Z It
st 4, ofbEdh WA LiNO,2 HA0I2EE 0.6 kg/m® & mf WEEH| 0.30[4, Ha
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2F 1.2 kg/m®, 2.4 kg/m*, 4.8 kg/mollM= A ZH| 0.60|At0| A Zt2t 2iEAo| U

= W2 U = ot =5 Ca(NOy) 2 Haol28HF 0.6 kg/m*Zt 1.2 kg/m’e] A WAEE
0.30llA, 2.4 kg/m® olME A Z2H| 0.60M, 4.8 kg/m® Ol E ZEZ2H| 1.2

HM g sHsts A2 Z LiEtgCt

0
Nitrite inhibitors Inhibitor CI- Content
— TN @ 0.6 kg/m?
LiNO,
-100 | gy M 1.2 kg/m?
3
CI Content 0.0 kg/m? e Gl O, | A 2 R
= £ AN g A g
o200 | 3
O @)
s -350mV above, Uncertain
=
S’
£ -300
5
-400
-350mV below, High, greater than 90%
500 probability of corrosion

0 0.3 0.6 1.2

Molar ratio

<O8 3.34> FATRL ofEMAUEHS| =8|t A

0
Organic Inhibitor Inhibitor | CI" Content
& 0.6 ke/m*
-100 Aniine 1.2 kg/m?
A 2.4 kp'm?
- " i

Cl- Content 0.0 kg/m ®iskgm’

=200 @] *

350mV above, Uncertain

E,,(mV, CSE)

-350mV below, High, greater than 90%
probability of corrosion

-500
0 0.3 0.6 1

Nolar ratio

d

<38 3.35> FAHeet 7U1A LEHAMe =H|te| A

a8 3.352 ®7I1A YEME YHEH0 WE FANLALUS HE Hez, s ¢E
SH[olM RI|A SEH e FAMS = HHH22 FAMLIL 37 HENG2n HEds
2 FAULE gotet 29 diiHez et A2z LERCE £t ol HEA =
g2 0.60M 7= ELdsS =25 g, |F704 LEA 2 7*—‘?—01|E SE =]
0.30IM FH HFE YHLHdSS 22t A2 YIt=of ofFM HHNECHE 774 &
HHM7E YAMEso| 48t Ho2 HohzEict, sHE, 08 3.362 HIFAel "iPES



HAIXML(ASTM C 876 -Standard Test Method for Half-cell Potentials of Uncoated
F

Reinforcing Steel in Concrete) -350 mV O|ste| REAEEZ HWIist A, A" AlEstH
LHHME ez Hoo|2etdd e HHMHsS 2tEs57| f/et W A ALZES L
EtcH Zdolch gao|2Eo| ARsS WHMHSE =S| 2t WEA e AEEH2 S
7tste deg LERNT Aot £3], ol A2l Ca(N0,),2 Aol 1.2 kg/m® O A
FE O AREE0| 22435 B7Iste A2 & F U20d, 0|2 2lafl 2A2Ee FZEEZE ¢
St A3 KXot 2M7t 2d=7| 2o HEME HER2 =shks A2 H{ECctn et
=t olof dt5t0 ofE A HEAM QI LiNO.2F F71H EM el F714 a2 Moz
A 2FO “*xﬂﬂ ALEstoiE O WHM S0 e A2 Y = Uend, &5 FI(AH &
el 77|A 2 e Mol Ao

HEMl= gaol2etEol ot O SEA AL
oz

=]
o
2 20MQl Aoz At=RECH

100
| Inhibitor
a-,E sn  — Liﬂ_}:
— | === Ca(NOy)
En | [
= — Amine
g 60
=
£ 40
—
=]
=
= 20 | o =&
z -
*\: _ _ - = =il
0 8 — r”"/“
0.6 1 2.4 4.8

<38 3.36> FAHL V[E HHHs EFE% et SEA =2 MIME Bl

G)
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o
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In
1o
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OFEI A HHH ARl R7|AH WHAHE ooz YE=Ho

||:_|-_ i—lEHl(}” III.E AOOH[_H x—l:Lol |=|AI7HA| Al l=|/\|
ATt 0.2~0.5 (uA/en’)oll O|E wf FAlo| L322
F 7214 S 25 S SH0F Soteges 7
a8 3.3701 LiEtH Hiel ZHo| FAIM
A BAA o] AR LiN02E 40|28 e
7 0.2~0.5( yA/cm®) 2 BaAlo| W21 =7
2 2.4 kg/m3 O|Ate| A= dYdE
(uA/Cm2 Astoz HIXMo| = A
.3801| LtEHH Hie} F2|A UEHME ez o
ASZ27|F WP to 0.2 (pA/em’)Lm Haol2et2F 0.6 kg/m? RP 1.2
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