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ABSTRACT

MgO recently has been regarded as the alternative material for replacement of cement. The aim of this study is to
investigate the effects of accelerated carbonation on the strength development of MgO-based binder which is binary
mixtures of magnesium oxide (MgO) with portland cement (PC) or ground granulated blast furnace slag (GGBS) or fly
ash (FA). The compressive strengths of all binders were higher in the 20% CO, condition and for longer curing time. The
strength were generally higher as the following order: MgO/PC > MgO/GGBS > MgO/FA system. The binder composed
of 20% MgO and 80% PC showed highest compressive strength (38.0 MPa) which was higher than PC. The correlation
analysis of the porosity and compressive strength showed that compressive strength was higher when porosity was lower.
The hydration and carbonation products of MgO including brucite (Ca(OH),), magnesite (MgCQ;) and nesquehonite

(MgCOs; + 3H,0) presumably filled the pores and contributed to strength development. Thermogravimetric analyses
elucidated that 0.34 kg of CO, could be stored the 50% MgO/50% PC binder which performed the maximum CO, uptake

at 20% CO, condition.
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(Ground granule blast furnace slag, GGBS)2} Zz}o] o
FA(Fly ash, FAYE 242t 7734 2 359 98-8 7|oiE
T o] FEEaL Qi

4 A7E= o Yol Mg0s} PC B AHAFAES
&3k vkulA a8kl (MgO-based binder)S- 7HRre!
F FAl o] ABHAIE o83t COE Ashe T
3} k3ol tigk A7) st 8= kMo and
Panesar, 2012; Hwang et al., 2013; Unluer and Al-
Tabbaa, 2013). PF2HlEA]l ISHAlE CO, A7+ &3 9
o 7I1& PCY B=st tise AEE 4s F Ave &
A& 7HAAL o] PC WA skl =AM SAAR] 7 A
S 7P Qtk(Vahid, 2012).

mkdlg Al asHAle 3 RhEste] siekadls
(Mg(OH))& ATz, o] Igollr 73] S do
k. olelgh Fului A4S vk og FIEE
et S HIHA oA AF71HQ] WS AdH
(Kim and Jun., 2015). @2}A] PC A9 LRE
MgO= tAgh vllgA] aspAe] 75, w73t oA
FEEEE Hole PCY HE 98AA PCE TES
2 ARE W Ho A, A, 3 59 BEAS
Os N F e Aos HuHth(Gao et al,
2008; Mo et al., 2014).

AHRAREo] &3t vlvlsEAl asiAle pest vl
sto] YA @ H e X As vERdie, |
A AARAES S8tk SN 273 Fah Azt
s 4dS F Ave S 7RI Jth(McCarthy
and Dhir, 2005, HaHa et al, 2011; Duxson et al,
2007; Vahid, 2012; Jin et al., 2014b).

S, vl Al s ) a8t 5] 340 A2
G d2olA s whe-S Fal Cco, S =
T doH, A= F3 @S 7|t (Hwang et al., 2013)
g 1 glek o] ok 2 (1~(5)2k &2
< kst WS Sl A vl Al eaeds)t 2
o] A% Pl FFS PIAe AR HaEa 3l

%,
)

Mg+ CO, = MgCO; (magnesite) (1)

2Mg (OH), + CO5+ 2H,0 — Mg(CO;)(OH), + 3H,0
(Artinite) (2)

Mg (OH),+ CO,+2H,0 — MgCO; + 3H,0
(nesquehonite) (3)
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5Mg (OH), +4C0O, — (Mg)s(CO3)4(OH), + 4H,0
(hydromagnesite) (4)

5Mg (OH),+4CO,+ H)O — (Mg)s(CO3)((OH), * SH,O
(dypingite) (5)
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B Aol AMgE vhadlaAl askAle] fdeliE Mgo,
PC, GGBS, FA7} AFE-E%l e, MgO= &5 Causmag
AR % 97.0%2) AL4 AES ARSI PCE U
AEAFETAY 15 BE TEWE AIEES A3,
GGBS®} FAE 717} ] of|Zqldl 7} o e =2 AlFS
ARgalATt. 2 Alse] S8t 24 9 =217 g tigh
XRF ZAZR= Table 13} Zth FAA] A8 A=
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ISO EFAKE A3ttt

2.2. BAIA| A 2 MZ=
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BAIA AL Al S AlolE SlEl AlEE E9E]
o] =& AFEE 105°CA 2417 Bt 2= $
sl ARSI vlodlgAl I8l Mg0os 71
o7 3lo PC, GGBS, FAZ MgO2| F-Athu] ztzt
20%, 50%, 80%2] 4 nl&E Eglsle] AR,
MgO7} §1= 100%2] PCE o2 ARSIt B3t
PCE MgO9] FAthH] 70% T3+ ZAAS F7)sle
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Table 1. Physical and chemical properties of raw materials
Items Materials MgO PC GGBS FA Standard sand
Physical Mean particle size (d50, pm) 7.62 14.97 11.66 16.77 766.27
property Water content (%) 0.2 0.1 0.6 0.1 0.09
pH 10.21 13.20 12.69 12.83 -
MgO (%) 98.45 2.16 2.56 1.80 -
] CaO (%) 1.33 71.90 51.65 4.50 0.25
C}clzﬁlcal Si0, (%) 0.02 13.60 3046 5730 96.98
P ALO, (%) 0.02 3.29 11.07 25.80 171
Fe,05 (%) 0.18 3.71 0.62 - 0.33
Others (%) 0 5.34 3.64 10.60 0.74
* MgO, Magnesia; PC, Portland cement; GGBS, Ground granule blast slag; FA, Class F fly ash
Table 2. Blending ratio of MgO-based binder
i ; Oxides (%)
Systems Mixtures Blenc'hng ratio w/b ratio
(MgO : the other) MgO CaO Sio, ALO;
PC (control) P100 0:100 0.5 2.16 71.90 13.60 3.29
P80 20:80 0.5 2141 57.79 10.88 2.63
P70 30:70 0.5 31.04 50.73 9.53 2.31
MgO/PC
P50 50:50 0.5 50.30 36.62 6.81 1.65
P20 80:20 0.6 79.19 15.45 2.74 0.67
G80 20:80 0.5 21.74 41.59 24.36 8.86
MgO/GGBS G50 50:50 0.5 50.51 26.49 1523 5.54
G20 80:20 0.6 79.27 11.40 6.10 2.23
F80 20:80 0.5 22.67 28.68 21.54 10.89
MgO/FA F50 50:50 0.5 51.08 18.42 13.47 6.81
F20 80:20 0.6 79.50 8.17 5.40 2.74
< sl PC ?} S %‘%—l —’F 91%112 B7ksk7] 9 D1557°] wet tile-= ol8sto] 1734 ¥ar tska

EAE 90 13

=3tste] ARk aﬁi}xﬁﬁl(W/B)— =1 AmiAE e
Al J_ﬁ}ﬂ] e 059 069 F Ao St
MgO$} Ztzte] PC, GGBS, FARZ E3d FAA=
MgO/PC, MgO/GGBS, MgO/FA A|Z~Elo 2 mwslgo
o, 20% MgO$} 80% PCE E3H3F A|=®HlL Py,
20% MgOS} 80% GGBSE &3+ A2l G80, 20%
MgO9} 80% FAS &35 A|2~Ble FRoo= HHsisirt.
HjgH 240 W ApHEF 5= Table 20 YERJSI

2.22. FAIA Ak

AMEE KS F 240390 ot 2+ A8 A &
SHFE 7 HEIZ 21X (SP-502 5L, Spar mixern)E
ALE0] 140 pmollA] 387E WHISAL 260 rpmolAd 305
7 I oE wnksle ddsH 4k 3 A E
o A7 50.0 mm x 0] 100.0 mme] YEFH Eo] ASTM

L
2=

2 wmsje] FAA W V%S AASRA BAAE A
23194,

223, A

IAAE 28 A Y 23 3 R F A=
&R om | WA 20 +2°C2] 259} 60 + 8%2] =0l
A 39z A SYEAT. 298 Sl div|1xd
(20 +2°C, 60+ 8% 5%, 404.8 ppm)& 20% CO, ZA
(23+2°C, 90+5% 5%, 20% CO,elA 242+ 7, 28, 60
Uzt B A

2.3, EA{H

23.1. ==

A5 T= IsAER 7Y, 28Y, 6047 FAA F
AAIE KS L 240561 w} 4= 4SA=717](YUL-ST,
AMAYAG)YE ©]83l] 0.5 mm/mind] 52 %S 7F
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2.3.3. Scanning Electron Microscope(SEM) % X-ray
diffraction(XRD)

FAAQ A BEAL F2E =47 5Y3 v
o2 AW RS ol&dd FALY

JX} w7
(Scanning Electron Microscope, SEM, Talos F200X)

A Bal BESIGTE AlRe] BEEE 4L AEE
712 Ea8le] Shimadzu XRD-6000(Japan)= @S- o]-&
3l XA 8- B4 (X-ray Diffraction, XRD)S B3l =
AslRe™, Cu Ko radiation(h=1.5418 Ay Fdog

(a) Ambient condition

17&% .

el - $3e1d
oJ&3IAT SHNAL 0.02°% 3] 5°-8074A] #AI8)
A}, AI= PDF2 search software®} JCPDS(Joint Com-

mittee on Powder Diffraction Standards)databaseE ©]-&

ald B4l

2.3.4. TG-DSC

G522 (Thermogravimetric Analysis, TGA)S DSC
2910(TA Instruments)ye ARS8}, argon gas?] S
10 mL/min®2 277 gefol A 25-1000°C7HA] %E§
3 10°CY “FA17184 S35 1 kg-binder &
AL 7 A= CORl FE ol A (5)F o183k 741
Aslgict.

[CO, I (g)] = [»J& FAA FAl(g)] x [ olitsler

A27H(%)] (©

A7NA, HE FAIA FA=
60d FBE FAAY FA(gelH, & oklslekiie
TG 4 23} 480~800°C oA Al59] T Aad
(%)ZHE] A=)
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Fig. 1. Compressive strength of the specimens cured under (a) ambient condition and (b) 20% CO, condition.
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31 &=ZE

ZReRAs) A8 2ARE 20% CO, &A% th7)1x
oA 7Y, 28Y, 6047t YAIH wivlEAl askA 9
A54= A= Fig. 190 YERSITE 6087 YAE =
< vkdlEA shA 2 izl P1o0d] AxEe A
Zog h7|2HRT 20% CO, AN T =& Aow
et P8O 20% CO, Z7A 38.0 MPad] 714
58 AEE BYoy t|Edel e 1.8 MPaZ 20%
CO, 2717} Hlasle] of MR Bt o= CO2He
k3o 2 AAE Ca®'of M*E &3 thake] ehkdst
ol 93t Aoz HAGAHTHMo et al, 2010; Sung et
al., 2015).

20% CO, 270X HE FAAELS Ry oz <
7170 Aes ATt Srksle AEE BloH, 28Y
oAl 604 Atolol] 7HkE F7HE-S UERITE 53
G509] 785 79X 28Y Alolol] 1.4u]9] W2 SIS
Heon} 28Uollx] 60 AlolollE 3.4u1] e 18-S
Btk ol 13k W Mgo7} BE 289 3ol =3k
S AFkslE B4 wlEQ] Aoz FEti(Dy, 2005;
Gao et al, 2007, Mo et al, 2010; Jang et al, 2011).
oejdog P02l 60UAF HE 28UHT 1L1H] W=
o], ol P20 W 80%E AHAIsk= MgO7t <73} & ghit
QS ArfsiAl Al Al A 93t 2 A=
A ARl Aog FAdEt(Kwon et al, 2013).
o g ATlo] ASE ST ST 20%
CO, &= 2], gi7|xolMe Aoz e &
77} wElsbAY sk e Btk duEo= pC
© FARI] AodSE Aert Frlsket], w7z
oAl A P100 ofefgt 7ol HEE A ATt &
Aol olefgt Aake] U1 HEE] AWE = §A
T AN FEE O AlZHANE fALeE e
< Hole ZoZ nlFys o @y Alse] 54
Halo] e A7 oaw viAIE 5= gidt.

g7l 2 20% CO, 7194 MgO/PC Al2=glo] 71+
52 A4S BHYor MgO/GGBS, MgO/FA A|2E] &
o2 =ITh 20% CO, Z7olA MgO/PC AlZ=Hle] 73
TE P1009] %9} Hlwale] Hg=slAY ot e A
S Yok E3] P80zt P709] e 247} 38.0, 36.4
MPaZ 3438 MPa2] P1007} Hluste] oF 1.1u) T =3k
o} ol Mg02] =% 478} wkgol gt WA go] 11
A 717l e pCe] = S AIAIA P100KCH

K

e

=22 AEE w3 Aoz AdETH(Lui et al, 1992;
Jang et al., 2011).

MgO/GGBS$} MgO/FA A|Z=ElS MgO/PC Al2~Ela}
Hlwsle] 2o Ae=S Belov} pCE kA ¥al 4k
QHAHET Mgovhs ARESte] ZH2F Ao 257, 8.83
MPad] =g AL A2 753 vksith. MgO/GGBSSH
MgO/FA AZ~Ele MgO7}F 50% SHrENS = Hd 2
=2 et 2y MgO7) 20% ol SHEIS
e 23y A A7k aapt vEve AS IR &
UATHTable 2). ol <A &3}t vh-S F=se=
MgO7} vl A] 318k Yol B8 opdoz EgtEo],
GGBS2} FA Ul Si0,, ALOsS} & EZEY S8k
2 CO2t eHHds) Hh-S St ZloE HRIth weEpA] o]
Aol A WS MgmE ek thide] 3l 2 el
dslEo] FAA] WAL doA FAAY AAEE F
AAFIA S Aoz FFETH Mo et al, 2010; Hwang
et al, 2013; Kim et al, 2014; Sung et al., 2015). L
HBug vldlgAl 18k W MgO7F AR8% SREIE
o AR g SRR AEete] e FX
a5 FRA]7]A9HMaria and Suurenda, 2003; Kwon
et al, 2013), D& optow &3td Z9 L3 Bk
3} 245 et Q3| A= AskE dod = A
e 3e 81 & & AUtkJang et al, 2011; Kim
and Jun, 2015). Webr A% PSS HEZ SIS W,
Az SRR MgO T8-S AA vkgA)
T3HA tiH] 50% A= ol AREShs Ao] b
Aoz ket

BAEANE FTHHoE FrRgks o, vllsAl 1L
3= AvbEgog MgO/PC, MgO/GGBS, MgO/FA <=

z

o7 ZFey) =ton )7 1xAx vlask] 20% CO,
04 FAENE uf o & FEE B ol E3
ZZ ks vkgo] ASAE e JEgS 7RIv=

2% 99 & Uk web Sangs) o 3
= ¢ 7122 Bk 9Pl F9s] Sdstel o] o

20% CO, 270X 607t FBE A"l F A=r) 7F
o e ARE A7 A1Elen], MgO/PC Al
g FollMe Pl00RT 7t 2o MO o] =
< P70 Al=ElE AWEte] FFE, TG-DSC, SEM,
XRD #2418 AAJ8I3

FIEE AE4w, A o) olushekt

5ol DHZ JFS vjH= 220o|thKwon et al., 2013).
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(a) Ambient condition
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Fig. 2. Correlation between Porosity and Compressive strength of
specimens cured 60 days under (a) ambient condition and (b)
20% CO; condition.

webd B ApeMs Y 240 W FEE0] A5
Tof| mAE FFS Yo }P_;}E}(Flg 2). 20% CO, %
7127004 GE FAAY FTEY ASAE Aol
ARAGFRYE 22 0.54, 0.700.2 A= AUFQ) A4
e =4 okt 2y FUSH AlRle] R o)
2 FHEY PSS viusRy Ao s FEo]
UG E ATt w8 TS Hole AL IIT 4= )
At dE 0], P20S ALl YA] AlZElo)A 20%
CO, 7o) ti71x7e) vlsl ¥=8°] AN S ==
=3t

W= vl sk o E2E9
3R] (7), (8)CE AAE Mg(OH), Ca(OH)7}
CO2k] HES-(A] (9), (10)C-E MgCO;, CaCO; 59 &
= AN =H7F 242 14.4%, 10.17% Tﬂokﬂ
Age FF FEF HSZY] wWEe] FoE Bt
(Kim., 2014).
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Fig. 3. CO, uptake of MgO-based binder cured under ambient
condition and 20% CO, condition.

MgO + 2H,0 = H, + Mg(OH), (7)
CaO + 2H,0 = H, + Ca(OH), ®)
Mg(OH),+ CO,=MgCO;+ H,0 9
Ca(OH),+ CO,= CaCO;+ H,O (10)
Fol FREAY 2ol 88id cot eitast vt

% | A= St FAIA WFe] HiaAT} vl
£ Ws7IHA Alge] 352 w9 AeE TR A
o2 AFE(Iwasaki and Tada, 1985; Hwang et al.,
2013; Kim., 2014). T=pA] €k} 9hg-2 355 w9
FHE QAT FUSL oF F9 ASAEE SV

Lol A GFL PR Aow F4H

3.3. CO, N

CO, IAFE H71sh] sl HY 608 +
oA AAE Mg>el Ca® ertastEe] oS 4
53l EM51thFig. 3). 2L Ay, MAubdow &
ZZ100A 100% PC HIET-S AQst BE AJ2H] FofA
£ MgO/PC Al=glo] eradsly) 713 Wol o] folH 1

T

7 A2
TG
=E

RLN

oz



Fetastol o3 vl ashA|e] e 543 141

RS-0 2 MgO/GGBSS} MgO/FA Al2~E] <=0 2 Bhalkyd
37} wol oFolxtt. olegt dile UFAES} AR
7S WYt

20% CO, Z7dA= P500] 1kgd] binder B HTH
0.34kge] COE A WhH, F502 0.02kgo 2 7FF
e Fs A Ao=m ERIFQ. 7] 2ok o
Z7<1 P100°] 0.13 kgo 2 7P 2o kS Adsigl ot
o= 20% CO, ZAH] 38%F L& F5=o]qt}h. Aut
ZHO=E 20% COLIAM Y Al 11sA|e] gileds) wkgo]
U Bo] dojul= As & UQTh WA B Al
H SollM 7 =2 32 H2l 20% CO, F9] P50
o] CO, I8 FHAA 7T $55h A|Z=HIQl Blo=
solgAar, thETQl 100% PCHUFE oF 24% =& 4
TOE PC HAIREA FE3] &8 77} dvkar A
2=

MgO$t E3H9 PC, GGBS, FA 94 pC7} 718 &

2 CO, IHZFE B o5 AHETA, pCe] ARl
F3kso] Yul a0 ko] GGBS L FARTF o
2AS & 4 UriTable 2). o= F3+s Al Ca02] &
549 Mg02] AEA FEFS 7, WA 559

THE o]F+= Mg0s} Ca09] 54ul&o] Fa3k 2310
2 A8 Jdrpal Bt} HZHe] B4 HiES EF
al7] fEiME 57 97t BeE Ao=w wdEh

MgO/GGBS A|Z=§l¢] 79 P1009] thzto| H]s)
CO, AF o1} G8o ¥ G207} 22 54 uligh]
N 2zt P1002] 77.8, 722% Tl AL s E
o JPFARES 883§ vk WA PC AR
2A AR 7FsAdol okl ddkET

.

rr

3.4. ERMISIE MM Y

3.4.1. SEM

g3l @ ealads) wkgo 2 Y EAE0] o
A= JEFS dolrr] $18) SEM 43S T3l g8
S HrFeldtk(Fig. 4). 20% CO, ZolA 6047+
E G50°] SEM ZAiol|lA, th7|x13} vlwsle] &=
o] FF3] v9A vls Xdet +25 A
| A=K Fig. 4 (b)). o= 2 AAMAE FAIA U]
of H, HCO;,, COs> FelZ &3] CO,7} Ca(OH),
TEE Mg(OH),2F ¥HS-31e] CaCOs, MgCO; 22 ERAF
S-S Ao ZH mAlE=o] BASkE AS THAAA
TS WY AEE S AR o2 FZSHEK(Van-
deperre and Al-Tabbaa, 2007). ¥FH t7]|Z=70A %48
H AEE 20% CO, 73 Blulste Yr}so] A= 4

%
R

O,
rr
PAUN

A=A Hsfe] B sklst
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Fig. 4. SEM images of specimens cured for 60 days (a) G50-ambient condition, (b) G50-20% CO, condition, (¢) P70-ambient condition,
(d) P70-20% CO, condition, (e) F50-20% CO, condition, (f) P100-20% CO, condition.
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(b) 20% CO, condition
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Fig. 5. XRD patterns of the specimens, (a) ambient condition for
60 days, (b) 20% CO, condition for 60 days.
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