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Abstract

Corrosion of the rebar is one of the main factors affecting the durability of reinforced concrete in the world which
lead to the failure of the reinforced concrete structures. In this research, a new method of fixing CO, is practiced to
improve the carbonation resistance of the concrete. Brucite(Mg(OH)2), a kind of common CO. fixation materials, was
added into ordinary Portland cement paste. Samples containing 0%, 5%, 10%, and 15% Mg(OH), were exposed to an
accelerated carbonation curing regime with 20% concentration of CO. , 60% relative humidity, and a temperature of 2
0C until tested at 3d, 7d, 14d and 28d. After 28d of CO. accelerated curing, in the paste containing Mg(OH)s,
magnesian calcite was detected by SEM-EDX. Meanwhile, the paste containing Mg(OH). exhibit the better pore
distribution than ordinary Portland cement paste and the compressive strength of the cement paste containing Mg(OH),

were more than 50Mpa.

Keywords : CQO: fixation material , Mg(OH),, CO- accelerated curing , carbonation

1. A &

AEFIE T2 A5} oiEgel uhe) yt
AEA) gt ZaAo] FiEl Qltk, 2% F2]EC
Yol 2 3RS WX Ao] whilsloltt, 329
BBk 7] 59 Q0y7) 28 WHE FEste] EAjst
L] G714L W 45180 00,7} BaElo] A7) Bhato]
(005"} BBES-S: slo] AFEL ol2fst 2aEY)

Received : September 4, 2017
Revision received : October 24, 2017
Accepted : April 4, 2018
* Corresponding author : Lee, Han-Seung
[Tel: 82-31-436-8159, E-mail: ercleehs@hanyang.ac.kr]
(©2018 The Korea Institute of Building Construction, All
rights reserved.

Hleks = Ul pHE AstAA d 74l 3=
URE A2 AHA T, 2]
2T FAFE 20 lskR QIR Uit AskE
Alefalr] ffated thefRt o] ol =L Qlrt. 2 23
of T =2l 2 Z-A4.5], A=Al S
[6,7] 5= ol-g3to] TAlelol thgt A FIA7l=
Zlo] Urkajolet, of2fR WHEL FH2|E W 352 7]
g S°17y e sl Bk} vk 2710 CO9
o

HES el Ao 2L BT ek,
3




Physicochemical Properties of Cement Paste Containing Mg(OH), Cured by CO; curing Method

SEECE SRS

x| ZAZE FHOA 2]
S50 AFEEE 002] %2 =
E ZAgiAe] ehils) vheAdS
HE A=A Ca, MgA F71=42
o[L} 27} ofol2Hr} BRAIEAS: 417
o7 AdeA] QItH{10,11], 4] Mg AQS] F==e AR
A A g4 So) 9lal, Ca Alge) FERL 134,
y —CoS 5ol SUtH12,13,14],

ERIAEAS oA A
el Mg Al E8

AR o] Mg

B3] 9l

Aei3iet. Mg A

oz leH15].

EL, AHE AFA Woll Mge] Hlgo] Hod, AlHE
Aol A BHikElr} o] R0l A w) CaCOs 5t ofe}, Mg
7} CaCOs W YJoj=2 Agle]o] 7] Magnesian Calcite
((Ca, Mg)COs) 7} A4 Ht}, Magnesian Calcite2] 244
ukg-2 Al (1)@} 2tH16,17,18],

o

Ca*t (ag)+ ]Wg2+ (aq) + CaCO; (aq)
— (Ca,Mg)CO3 (s)

o|uff AAJ%E Magnesian Calcite= 53+ CaC0s2] H]
off o 22 A719] = BlEo] =2 AR dTA Qi
o= CO8| MFATE W& 4 QUrH16,17].

wiEbA] 2 Aol Mg A9 E4 F Mg(OH)»7}
SRAE AHE o] AEL] CO, Yol W =ujakshd &
doll dfsto] A5kt gt

L 52019 &dh= =Wl SAF 15 Hg2s
[HES ARSI MgOH)re =l AARS] A%
ARg3FATE Table 12 XRF (X—Ray Fluorescence)

tlo L
[
S~

HAS B3 Aol AgI REZENCAMES] Bfolx
A2 gl Table 2% Mg(OH),2) S18124< vhet
weieh

204

Table 1. Chemical compositions of ordinary portland cement

chemical

compositions a0 SiC. Al20s S0 Fe:0s
content(%) 69.38 18.72 4.01 348 423
Table 2. Chemical compositions of brucite
chemical —yoH, A Ca Na
compositions
content(%) >95 <05 <002 <0.7 <0.05
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Table 3. Mix proportion of cement mortar samples

Mix design(kg/m?)

Sample Wib(%) water cement Mg(OHy
OPC 1132 -
MH5 1075.4 56.6
MH10 055 6226 1018.8 1132
MH15 962.2 169.8
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Figure 1. Carbonation depth of samples
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Figure 2. Compressive strength of samples with CO2
curing
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Table 4. Estimated CO2 uptake in carbonated cement pastes

Sample Estimated CO2 uptake(%)
OPC 22.03
MH5 20.73

MH10 22.13

MH15 23.69

Table 5. Porosity of the samples

Sample Porosity(%)
OPC-Surface 18.74
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MH5-Surface 21.97
MH10-Surface 20.96
MH15-Surface 20.80
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Figure 10. Cumulative pore size distribution of the samples

E do]AEofA 0.3umolsle] 39 Hlgo] B 2 A=
sholek o= ek, 53], Mg(OH), &4l S7id= Al
Of FT22EA 0.1 um oJste] F=HlE0] 5
71ks 2 & 4= ek oks 00, agA=S] Mg(OH)27 F
SUE AHE Ho]AEdeE BT Aot )
Magnesian Calcite (Can«MgxCOs)9] A4/ Hl&o] S7}
81al, AJ/d% magnesian calciter= calcite® Tt EA[FO|

0 oo w2} AHIE HO|AE Y} 355 T HdsH Uﬂo
7]t ¥ %FJE} w2bA] Mg(OH), U3 5 CO;
A A 'l HkSE Aol s i ael] 7 ]oqﬁu%
=l 4 ‘Zl?i‘:}.

E g|o]AE

208

Lol

10pm

MIRA3 TESCAN| ~ SEM HV: 150 KV
SEM MAG: 5.00 kx
View field: 43.3 ym

WD: 7.48 mm
Det: SE
BI: 13,00

SEM HV: 150 kV
SEM MAG: 5.00 kx
View fleld: 43.3 ym

Figure 11. SEM image of noncarbonated part and carbonated

part of OPC
305 —
244 — Ca
123
Si
o

122

61

o e e s
375 £2.00 12,25 16,50
Energy- KeW

Figure 12. EDX analysis of carbonated part of OPC

Figure 11:= 28 52 002 P OPC 3AAIS] 3¢
Hol ZoM= SEM-EDSE o}88f st agolr}, &Rt
SPE A9 o]FolR|A] k2 FUFIA FEPIGER]
C—S—H&} Ca(OH)-E ERISH 4= et olet ge, ehilst
7} o]Foi% EHFO|A= CalciteA] CaC0s2] agglomerate

7} SRl FAEl] Sl M5 Figure 12004 &It
= 3Ich EDXZ¥h= Figure 12014 Vet

Figure 13& 289 S0k CO,E AP MH15 2472
HHP} ZOHE SEM-EDSE o|-83f &gt “1Ho|ch
Figure 135 ¥1, Mg” 023} Calcite”} 25 52
FHE 7M1 9)= Magnesium calcite?] H<50] a0
ue}, Mg™ ol2o] WAES P S BRIE 4
9)9It}. Figure 14& Figure 139] SEM—EDX 54 A}=
LERRH, Figure 1404 Uehli= Ade2] =8 3¢
& Ca, Al, Mg, Si, 09 9|37} Lept,

F>m



Figure 13. SEM image of noncarbonated part and carbonated part
of MH15

Ca

104

52—

2.00
Energy- Kel'

Figure 14. EDX analysis of carbonated part of MH15

=
L5

Aol A= Mg(OH) & 8
/\]-§]r xﬁbﬂoﬂ EH?S}- o:] ;ﬂ
AlﬂﬂE Ho|AEoA IS} A7HAdo] B w2 AuE U
wow, olof tigt Yele EAslaAt Avie] Eejaish
—Mﬂ ojet 245 Jasiict, 2 Ao =9 2ot}
S At
1) OPC A=k 5%, 10%, 15%= Mg(OH),2 2|83t A
HE "o]AEo|A Mg(OH)»2] B4lE0] 27138
ebil3) Zlo|7} o Aopx|= AaE YERiL
2) AHIE Hlo]AES] eRiI3l7} o] R0 %S wf, OPCYRE:
AMEEE AHIE. H|o] AE o A= tiFEo] Calcite”}
=0t Mg(OH)sE S3H ARIE. Ho]AE oA
= Magnesium calcite®] 7} A= AL slelgt
T UL
3) AHIE Ho]AE f B ISE} o] F o]

EIRH AMIE ol 1E0] o
BISIEL MR 308

\_

=

B o, =€

209

Holapiz 2 ISt 4= oir, 7 Thits) To.
2 CalciteZ} AE= 74X} Magnesium calcite
7H S 4990, 0.3 um oJ31] B Hlgo] e
2L sholst 4= itk 0.3 um oJ5ke] F= HlEo|
$poRIE ghia) Ago] B ol Jlow wet
1=

EEEEEEEESD
SR chet Fa40]

et didel wket v
=L et ofef sy & At

A Mg(OH),2 913k AL ol 2] Shakst Aty
o et A5 AsILE. MO 00,0 1 AR

A 5%, 10%, 15%2] H1&% Mg(OH):E %5 AR o]
AEO| 2310 OO0, % 20%, ASE 60%, 2% 20T
o S P AL S, 7, 14, 289 ol A3} g

27 ORI 2%

SRR

S0 EHOH oq:lla Yt 1 Ax, Mg(OH)2
o] Folgo] ZE-E ERsl zZlojrl o RoH
Mg(OH); £3t H|o]A~E+= Magnesium calcite”} &4
Elo], 0.3 um ©o[8}e] F= HlE&o| o} Tk} A|gHdo]

o sobils A% 2 & gk

-

7I¥E : CO1E M=, Mg(OH),, COET! 24, Ehibst

Acknowledgement

This research was supported by a grant (17SCIP-
B10370 6—03) from Construction Technology Research
Program funded by Ministry of Land, Infrastructure
and Transport of Korean government,

References

1. Chang CF, Chen JW, The experimental investigation of concrete
carbonation depth, Cement and Concrete reseach, 2006 Sep:36(9)
11760-7,

2. Savja B, ILukovic M, Carbonation of cement paste:
Understanding, challenges, and opportunities, Constructi on
and Building Materials, 2016 Aug;117:285-301.

3. Leemann A, Nygaard P, Kaufmann J, Loser P, Relation between



Physicochemical Properties of Cement Paste Containing Mg(OH), Cured by CO; curing Method

10.

11,

12,

13.

14,

15,

carbonation resistance, mix design and exposure, Cement &
Concrete Composites, 2015 Sep;62:33—4.

. Pan XY, Shi ZG, Shi CJ, Ling TC, Li N, A review on surface

treatment for concrete — Part 2: Performance, Construction
and Building Materials, 2017 Feb;133:81-90,

. Giovana C, Philippe G, Paulo M, Exploring the potential of

siloxane surface modified nano—SiO2 to improve the Portland
cement pastes hydration properties, Construction and Building
Materials, 2014 Mar;54:99-105,

. Shi C, He TS, Zhang G, Wang X, Hu YY. Effects of

superplasticizers on carbonation resistance of concrete,
Construction and Building Materials, 2016 Apr;108:48-55,

. Huang HL, Qian CX, Zhao F, Qu J, Guo JQ, Danzinger M,

Improvement on microstructure of concrete by polycarboxylate
superplasticizer (PEC) and its influence on durability of
concrete, Construction and Building Materials, 2016
May;110:293-9,

. Wu B, Ye G. Development of cement paste blend with

supplementary cementitious materials after carbonation,
Constructions and Building Materials, 2017 Aus;145:52—61,

. Ashraf W, Carbonation of cement—based materials: Challenges

and opportunities, Constructions and Building Materials, 2016
Sep;120:558—170,
Pan SY, Chang EE, Chiang PC, COy capture by accelerated
carbonation of alkaline wastes: A review on its principles and
applications, Aerosol and Air Quality Research, 2012
Jan;12(5):770-91,
7hang JS, Zhang R, Bi JC. Fundamental research on COs
mineralization: I, Leaching kinetics of forsterite and serpentine
with hydrochloric acid, Journal of Fuel Chemistry and
Technology, 2011 Sep;39(9):706—11,
Bearat H,, McKelvy M, Chizmeshya A, Shama R, Carpenter
R. Magnesium hydroxide dehydroxylation/ carbonation reaction
processes: dioxide
sequestration, Journal of the American Ceramic Society, 2002
Apr;85(4):742-8,
Fagerlund J, Highfield J, Zevenhoven R, Kinetics studies on
wet and dry gas—solid carbonation of MgO and Mg(OH)s for
00y sequestration, RSC Advances, 2012 Sep;2(27):10380—93,
Zhao 1, Sang 1.Q, Chen J, Ji JF, Aqueous carbonation of natural
brucite relevance to COp sequestration, Environmental Science
& Technology. 2010 Nov;44(1):406—11.

7hu C, Zhao L, Gao X, Ji JF, Chen J. The study based on
the reaction kinetics of brucite sealed up in carbon dioxide.
Quaternary Sciences, 2011 May;31(3):438—46,

Implications for carbon mineral

210

16,

17,

18,

19,

20,

21,

Mo L, Daman KP, Accelerated carbonation—A potential approach
to sequester CO» in cement paste containing slag and reactive
MgO, Cement and Concrete Composites, 2013 Oct;43:69-77,
Mo LW, Panesar DK, Effects of accelerated carbonation on the
microstructure of Portland cement pastes containing reactive
MgO, Cement and Concrete Research, 2012 Jun;42(6):769—77.
De silva P, Bucea 1, Sirivivatnanon V, Chemical, microstructural
and strength development of calcium and magnesium carbonate
binders, Cement and Concrete Research, 2009 May;39(5):460-5,
Reddymm, Nancollas GH, The crystallization of calcium
carbonate IV, The effect of magnesium, strontium and sulfate
ions, Journal of Crystal Growth. 1976 Aug;35(1):33—8,
Sung MJ, Cho HK, Lee HS, Properties of cement paste containing
high volume y —C5S and MgO Subjected to COz Curing, Journal
of Korea Institute of Building Construction, 2015 Jun;15(3):
281-9,

Xu J, Yan C, Zhang FF, Hriomi K, Xu HF, Teng H. Testing
the cation—hydration effect on the crystallization of Ca—Mg—C0s
systems, Proc Natl Acad Sci USA, 2013 Oct;110(44):17750-5,



