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ABSTRACT : Waste cement generated from recycling processes of waste concrete is a potential raw
material for mineral carbonation. For the CO, sequestration utilizing waste cement, this study was
conducted to obtain basic information on the aqueous carbonation methods and the characteristics of
carbonate mineral formation. Cement paste was made with W:C= 6:4 and stored for 28 days in water
bath. Leaching tests using two additives (NaCl and MgCl2) and two aqueous carbonation experiments
(direct and indirect aqueous carbonation) were conducted.

The maximum leaching of Ca®" ion was occurred at 1.0 M NaCl and 0.5 M MgCl, solution rather
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than higher tested concentration. The concentration of extracted Ca>* ion in MgCl, solution was more

than 10 times greater than in NaCl solution. Portlandite (Ca(OH),) was completely changed to
carbonate minerals in the fine cement paste (< 0.15 mm) within one hour and the carbonation of CSH
(calcium silicate hydrate) was also progressed by direct aqueous carbonation method. The both
additives, however, were not highly effective in direct aqueous carbonation method. 100% pure calcite
minerals were formed by indirect carbonation method with NaCl and MgCl, additives. pH control
using alkaline solution was important for the carbonation in the leaching solution produced from
MgCl, additive and carbonation rate was slow due to the effect of Mg®" ions in solution. The type and
crystallinity of calcium carbonate mineral were affected by aqueous carbonation method and additive

type.
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Table 1. Major element composition of cement and cement paste

(Wt.%)
CaO SlOz A1203 MgO F6203 KzO TlOz MnO P205 Zn0O SrO SO3 72“
Cememt | 62.55(20.29 | 4.56 | 3.80 | 2.42 | 1.13 | 031 | 0.19 | 0.18 | 0.07 | 0.04 | 4.45 100.20
Paste | 64.23|20.85| 4.55 | 3.02 | 2.84 | 0.68 | 026 | 0.16 | 0.19 | 0.08 | 0.05 | 3.12 100.01
H: A7HAE AR&3HA] & 0.64 M NaHCO; £ 29 A: 149 Ca(OH),Z E3381= Ca(OH), 3
W kg xglg-H
HN: 0.64 M NaHCO; €% 7142 1M NaCl £ B: 149 Ca(OH)7} HUIgk AA"E Ca
A7} (OH), &9
HM: 0.64 M NaHCO; &7 H7/MAZ 025 M
MgClz 6H,0 }47]'
HMN: 0.64 M NaHCO; &% %7}3&]; 1 M AZE g A= 74 g9 1A S w]E
k1 . & — =
i S 0N MeCl o T & ZF% 1 Lol Yol A%E Ca(OH), HE3he
s v =° do=Z A Ca(OH,E THF X3 st §doH,
4 B= 89 AE HE(45 m membrane filter)
ZYzkol Ao AZte whE gtsl 288 47 & BFHAA A Ca(OH),E HUIS A|AS x3)
Y3l 1AL, 24A7E0. 2 ARSI HESAIZITE HE gdolgl & 4 k. FFHUIA FAEREIE 9
3ol T5E AlEE 5000 rpmollA] HA EElste] 38, 100 ml 89 ASt BE ZH7+e] wkg-87]d ¥
*J%"%Ur WS ES Bylsty, Beld veES = 1. 99% CO, 7FAE 20 mi/ming] £E2 £
F2 23 Aﬂi’s}%lt} xﬂﬂ 3 HRSELS 60 T oA ®WE(bubble)o] HAHFHEE FUHALE AF

5&%7101] Az & FEXG0 HIlE Yotrr]
el X-AH3d & /51 7 %%%ﬂ"%@. (thermogravime-
tric analyzer, TGA/DSC)< AAISI3 . €4ts) bt
A APH FES Fejd EAS EDSF A3
B HAAYRANE FAFERH(field emission scanni-

ng electron microscope, Hitachi-S47000)< ©]-8-5}
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< AEsh=t doH, (2) &9 5 Ca(OH), 124
7F EAE 7499 IS wo] gilksl 7o Aol &
TrEE=d Aok
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[e)
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X-ray diffraction patterns of cement
and cement paste
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Cement paste
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Fig. 1. X-ray diffraction patterns of cement and cement paste.

Table 2. pH and Ca ion concentration of leachates from leaching test

pH Ca concentration

025 M 12.58 860.5 ppm

NaCl 0.50 M 12.65 890.1 ppm
solution 1.00 M 12.68 971.3 ppm
1.50 M 12.57 806.4 ppm

025 M 8.92 9153.0 ppm

MgCl, 0.50 M 8.74 9411.0 ppm
solution 1.00 M 8.90 8584.0 ppm
1.50 M 8.94 8200.0 ppm

Di-water 12.37 15.6 ppm

25t 8 E9|

NHE E9 £4
Table 13 Fig. 10 242} Ao ARG BE 2
EUE AWES} A2 AWME Fof slsHiMA

o} XRDEAATE YT, 458 Aie

ANHE )= defo] ANES] sl deat FYs}
u, BE 204 FEld AfolE Helth Fig. 19
A UeRd nke} o), Yl ZEWT AHEE C5S
(tricalcium silicate, 3CaO - SiO,, alite), C,S (di-
calcium silicate, 2CaO - SiO,, belite), C3A (trica-
Icium aluminate, 3CaO - Al,Os;, alunite), 213!
(CaSO - 2H,0) 52 o] 7oA UAAITE, 28U3E
TN AHIE & Welle C:S9} C,89] ek
Ql CSH (calcium silicate hydrate; 3CaO - SiO, -
3H,0, tobermolite gel)2} ZEWT}O]E(Ca(OH),)
2 CAH (calcium aluminate hydrate; 3CaO -
ALO; - Ca(OH), - 12H,0)7F FAE] F=9 =
ol Bol uHAe] U



XRD patterns of solid reaction products
afterleaching test

0.50M MgCl2

0.5M NaClz

A+5

Distilled water
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1: Calcite 2:Portlandite
3: CSH+CAH  4: friedel's salt
5: Gypsum 6: Brucite

0 10

20
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Fig. 2. X-ray diffraction patterns of solid reaction products after leaching test.
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oA WA= AMEE v xgE TEAC
o|ES} CSH7} F=ehitsle] S8 o] doth 1
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Bl gol zdE o] gitslel 8 A7) 5
£t XEAGo|ES} CSH7} AA E85 0] 9, 7
ZA9} Tt EEEC] EEY 9o gl
Aol tigk Ao} BAo AeFo] wE 4 9tk
b Nz AztE AME 28 HEZIYEE o]
£33 ghtsl ATE 9% ¢S #Ed AR
488 F ok
B4 21

NaCl&93} MgCl, - 6H, 08-S o|&3lo] &
ZAYS AA3 g pH/OlE TEIE o]g3ty
pHS} Ca®" o] 25EE =43¢ ZAAE Table 291
SABIATE A7HAE NaClg9S AMRetsE 74¢
o] B35S 53 AWME Yo Ca® o]L9 &
=5 71453 & 45 AT West, 1995; Lee, 2002):

2NaC1( nt Ca(OH)z(S) - CaClz( nt 2NaOH( 2) )
2MOH(/) + COz(g) = MZCO:;(() + HQO(/) 2)
M2C03( o T Ca(OH)z(S) = CaC03(S) + ZMO}I( ) (3)
(2olA, M = Na, K&} 22 ¢ 48)

A7)0 v o7 <ls] NaCl 84L& FET]o]

E U] Ca* o]29] §F0] 7I&3Ea, ARE U
o 9 ¥ ¥5< 4ot 18l galE Ca
o] &2 Bk W3- Bl WelA S FAES X
3K Heffman, 1984). A7HIZ NaCl 892 AHS
gt 79 NaCle] 557 7Kgl we} Ca™ o]
o] gFo] TV, 1.0 M NaCl £elA
971.3 ppmoE HU= eiyith o3 A=
Jo et al., (2012a)%] A3}t AT Table 2).
MgCLE H7HIZ ARgste] Z42be] s reolA
S AP A3l 0.5 M MegChLolA 9411.0
ppmCE Ca’* o] At &Zo] Ueistow,
NaCl¥} Hlaate] 108 ©]4e] Ca® o] o] &5
ATHTable 2). ©]# 3 MeCLoll 93 &&F2| =
7l F 7R drgo® Ax = 4 otk A W
AR, MgCLE H7HAZ ARS-Sh= 79 Lee et al.,
(2003)°llA]  AQFgE ofzfel 22 RWREH(Modified
from Bonen’s (1992))& 53 Mg*" o]&o] AMIE
318 Ulo] CSHY Ca*" ]S X|#ste MSH
(Magnesium  silicate hydrate; 3MgO - SiO; *
3H,0)817} X18)= a1, o]of o3t CSHe| 223
(decalcification)Z Q13| Ca’* o] & SEAIZITh

xCa0 - Si0; + 1 H,O (CSH) + xMgCl, + mi:0

= yMgO - Si0, -nH,0O (MSH) + (x-y)Mg(OH), +
xCaCl, - 2H,0 )
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Table 3. TGA data of solid reaction products after direct aqueous carbonation experiments

(Wt.%)
Cement paste Di-water H HN HM HMN
untreated lhr | 24hrs 1hr 24hrs 1hr 24hrs lhr 24hrs 1hr 24hrs
CSHs 55.4 49.6 | 43.8 31.0 29.7 28.2 27.5 | (40.1) | (29.9) | (40.2) | (35.1)
(MSHs) . . . . . . . . . . .
CaCoO; 43 8.2 14.7 40.2 448 36.3 40.4 272 43.5 28.8 38.3
Ca(OH), 7.9 7.0 5.2 14 0.0 0.0 0.0 0.0 0.0 0.0 0.0

* HM3} HMN®] 79 ()9] A= MSHsE kel A9,

. . 1: Calcite 2:Portlandite
XRD patterns of solid reaction products 3: CSH+CAH 4: Aragonite

after 24h direct carbonation

20, 30
°20,CuKa

Fig. 3. X-ray diffraction patterns of cement paste after 24 hours direct aqueous carbonation test.

o714 1+m=n+ 3x - y o] AWE E o] CAHS} WSale] FAEE =
DA Y(friedel’s salt)o] HEZFATE MeCl, &

T HAZ, Mg o]20] &9 o] (OH) °]& 9 7%, EAFo7 HFA|E(brucite)’} B4 E
7} ¥HE3td Brucite(Mg(OH))E 43t pHZF  UTh
wolglol| we} Ca?t o]2-9 %%‘j’tol 7 4 3
t}. o] MgCLE °]83% &4y & WgEe A MERMS A" A1
XRD #4423 Brucite’} HEH Aoz & 5 3l AR etst 49e AARE ta dheAkEol

tHFig. 2). g Az} GEA(TGA/DSC)S AA| o}ai F T4

1.0 M NaCl# 0.25 M MgChLE l g3l 8= E49 FEFE AL 2AFE Table 39 EA8HA
AFE 7Yt T AWME £ FEA HslE & oh A A 22 Jo er al, (2012a)°0A4
o}k 7] 98 XRD £4 A3kFig. 2 %— HE NaCl  ASKF A48 7|x38l1, o8] d+EA3Marsh and
SRS o] g5t B8PS A A F40l2 Daty, 1988; Pane and Hansen, 2005)5 &g o}
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Fig. 4. SEM images of solid
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reaction products obtained from direct aqueous carbonation (a: HM, b: HN).
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Fig. 5. Changes of pH and Ca®* ion concentration during carbonation experiment (solution A: Ca(OH),
supersaturated solution containing solid Ca(OH),, solution B: Ca(OH), solution after removing solid Ca(OH),

with filtering).

Aol Ae Fajo] Aelsik
Wewtom, = (Wo— Wisg) X %ﬂ

Ca(0H),
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We s g W) = (Wyg5 = Wigg) < A;V\Z%_/;_OH

o~

Z

714 W s-n, WCaCO; 2 WCa(OH),= 7}
5!
=

Z} CSHe} ek, LEUTIo|ES] 53 HIE
EFUH, Wios, Wato, Waso, Weoo 2 Wago ZH
So|Ae] S vE YERATE MWc s 1, MWino,
MWcacos, MWon, MWeonp, Mweores 22t
CSH, H,0, CaCOs, OH, Ca(OH), % C0,°] 2%
FS Yehi 1 3k SAUE 34247 g/mol,
18.00 g/mol, 100.09 g/mol, 74.00 g/mol, 44.01
g/mol°]t}.

&2 0.15 mm VR P]EE AHE E9
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1: Calcite
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*26(CuK «)
Fig. 6. X-ray diffraction patterns of solid reaction
products obtained from carbonation experiment using
two Ca(OH), solution (solution A: Ca(OH),
supersaturated  solution containing solid Ca(OH),,
solution B: Ca(OH), solution after removing solid
Ca(OH), with filtering).

745, AgE 2E 2744 1A7Ee] gk Hkg-
o7 ANWE F Y A RE LEUCI|EL gt
37} o] FolxH, YR CSHY eHb3l= 3PS
& 5 Atk HIHAIE ARSSIA] 82 AT NaCl
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Fig. 9. SEM images of solid reaction products after indirect aqueous carbonation (a: with NaCl additive, b: with
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