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< Summary >

[Purpose]

This work utilizes supercritical CO, to lower the pH of waste concrete and
recycled aggregate whose pH is above 12. CO., captured from the various
applications can be utilized in the form of supercritical CO, to carbonate the
waste concrete and aggregate. The final goal of this work is to develop optimum
process for carbonation of waste concrete and aggregate by making their pH
lower than 8.5. This work will contribute to the recycling of construction wastes
by minimizing the environmental problem caused by alkali leaching. In addition, it
will also contribute to the reduction of CO, emission.

[Contents]
= (Domestic and international) Investigation on the status for recycling of waste
concrete and recycled aggregate, related regulations for protection of the

Purpose & environment
Contents —Analysis on the amount of application and mandatory amount to be
consumed
—Evaluate standard specifications or guideline depending on the purposes,
quality standards, and regulations to protect the surrounding environment
—Study on recommended pH value for various cases
= Development of optimum procedure for carbonation of recycled aggregates
—Using analyses on recycled aggregate and leachate
—Comparison of experimental results from authorized institutes
= Develop Supercritical CO, carbonation process for waste concrete and recycled
aggregate
—Chemical compositions before and after carbonation by supercritical CO,
—Monitoring the carbonation process depending on the test condition
—Evaluation of proposed method compared to currently available ones
This work uses captured CO2 in the form of supercritical fluid to reduce pH of
waste concrete and recycled aggregate. This work aims to find a carbonation
Results process that can lower the pH of the waste concrete and recycled aggregate by
pH value of 8.5. Using this method, it is possible to accomplish the
environmental problem caused by recycled aggregate and CO, emission, aiming
for massive use for other construction applications.
This work allows captured CO., to be permanently mineralized in the waste
Expected concrete and recycled aggregate, lowers the pH of them for safe recycling

Contribution

without any environmental burden, and finally contributes to the environmental
protection by waste recycling as well as by reducing greenhouse gas emission.

Keywords

supercritical ) recycled
CO» capture carbonation waste concrete
CO, aggregate
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and the Calculation of Their Dissolution Coefficients under CO, Injection Condition. Economic and Environmental Geology. v.45 1.6,
Pp.661-672.

15) Park, J. Y., Lee, M. H,, and Wang, S. K. (2013). Study on the Geochemical Weathering Process of Sandstones and Mudstones in Pohang
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(2) vl= FAAZ

O "= AAE 74 #A4L& Eo g pH #3< pH 65852 AR5t A3 dol & FoAE
23 &% A= pH 7|+ = = o] wz} 6.5~8.5+0.2~0.5 o]Ujo]ojok s}, 9.0~
11.0 M= B FaFs WA Ha 110 o)do] =HH Ardol o|2A #. £17] ¥ &
FEEES B Y pHrt 740lH =171 AL B3 ZAX| HIskEE ol oprtH
2 A REHS T3] Wi, Folde] vigAg pH Mol B9 R AR 7.0
~8.00%. =171+ pH A7} 5 olst=
A A H

(O NPDES(National Pollutant Discharge Elimination System)19¢] 4wt A& &7} FA4ol= 1 oo]
7 o4 W3R o] B HAAY £SAFAE 1000 yard® oY AHEdE Z2AEA £TTA
7F o =E2HE A9 wiF Y pH #EE st=E &S s Wk 59 pHF
8.58 2Hsle AF, v ARTE WEHA FEF djofF st FEAe FHojoF gt 1
Agste] EFEZAZHE 829 Eo] AZTE TS/ XSRS A U+

o &o] &9 pHe 11°] H+
5]

O =3 =3=A AE &5} 2 (Chester Engineering 2001)
Q3to]lQ wWEo| 23 AldMulligan, 2002)& 6343t =3ZA7F @A W Eo] pH 12 &
< 1 Bt %2 pHE Zhe 202 YUeys 9 1552 fewd) 93 =w(FHA, 2004

-1 p
of M@ =HIA 4SS AFHAT WSt U DANN FHINE A4S W=

Ao i EAE vt=A sfAst=s HAsL 520

Desired range for

Death Fish production Death
<« —_— —_—
7.0
pHO 4.0 6.5 9.0 11.0 pH 14.0

[19 8] o]R/9 pH & #4 WS

O QoA £BBA A§EEE 2 2AYES FA, =0, A7) L AASAE BF
9. o] F 2AYES IAEL 0079%E BAHOoR AgHHL 1 olddt fry ==
o =WAGOR AGHUS. olsh Bt Bl s ARENRB] BT st
BAY WATFS BN A EFodel B $47)FL B gon waA=
o 712 Bl olok FUREIH, FHHIHIKI OV

O 8379 #UY EFode B3 BH7/Fe BHoeA EF /% F AR A5
BAY BN FABRNE F Ae] AYRE VI BP/)ES PO sn gon
=gAE 1009 BolM BAS §E3AA 1 89 F 5 £ABRNNE ot HES
St 9% 53 <BEAS Aol ot Asts So| £do) egHE A%E £
B71Ee AESHe g0l BYHTI wHHIL Qs YR FAVPINEL F 514 FE
thste] AASIL g1op, o]F pH WelE 5.8~8602 ANIL U

19) National Pollutant Discharge Elimination System PERMIT EVALUATION AND FACT SHEET. Oregon Department of Environmental Quality. 2004.
March 8.

20) William A. Wurts and Robert M. Durborow. (1992). Interactions of pH, Carbon Dioxide, Alkalinity and Hardness in Fish Ponds. Southern Regional
Aquaculture Center Publication No. 464.
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(833} ===, 2008)

No. g = 9 Ty 71 & #*
1~40 A= - -

41 ol 2AAEAEA 0.2mg/L. °]&}
42 A L2~d 0.00001mg/L °]3}
43 2-MEHolAREE 0.00001mg/L ©]3&}
44 Hjo] & AHLAA e 0.02mg/L °]3&}
45 HEH 0.005mg/L )&}
46 F71EFHF718 4 0 TOO) 5mg/l. o] &}
47 pH 5.8 o] 8.6 ©]3}
48 gt o]de] & A
49 Al 7] & o]de] e A
50 A= 5% o]s}

51 g= 2% ols}

(4) = TAd=

O GolME 583
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OV AL & %
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ANAR = ofFe} 2 oz 2AY
AARAES FET 4 =3ITA) FUAAQH 8 E FFE 5% olsha ZAYE HEU|E
7N (1615007873)/2015/ % Ex B/ 65 QA T/ 2/ Do stm st Eek 427w 22w
s A E 913 pH AEA 2 F87]E 71E1425067622)/2011/4 8t A H H 7=
N5 G/ A3 Ak 2] 3] A
pH Azt 212 =0 =t 34 453t 9 e3=A 438 5499 7K1485012361)
120147 &) = 81 7] 4k 81571 E 5 Y SR EF)
A4971E 9 AR B SXIRRIS) 71sS 285 pH A 842 72H1615007125)
[ 2014/ 47 €ATFHHZA 157 edTLdAT =S
=3=A) o] pH A 77| A 53H1485008555)/2010/ XA T A -4 7| =/ A SE/ I SR E(F)
=eEA1e] pHAZ 7= 7 (1425095277)/2015/4t A @ H 7=/ A3 /At an =22
sbsh ok i G/ A 8 2k 21 8] A
71 ME Ve FEA

o

2lS MEAY st W2 pHE 24t A AU &%
Aol pH AZHE sl CO & &&ste Aoz AR g Agoe F7H QL Hlgo] &AAs
2o == AE AA ] pHAE A AREA 7] ol SEshA sealing HA| xtH F
&y A&l MA3 fEES pHZE O FEEE 2A7E S ¢ s <d=A 9
H A& fsf CO.E &8ss 22 COE 7tau AZFH=Z =d=Ae g4 wnbstAuy

4 £ Zldsks 71e2A A3 o] & ATl FaEstarat sk pH
8.58 BtFA ekl Q& =T ol SCDE T&ste B Zleds Ay v Mde AW

_

O]

ZYA olatstEAE ARRSE AL olv] TAHE COE st gt Jidolr] W
of MEAl &30 FHe FA Fa £ 2YA olEtELE o8t 3NN =gt
ARGl 7hs skl Wl &2 Gl sigH. 2UA oA E vE 2UA #A
o= 2 9 dARE AL, 259 dEe AT 2N A &eiEe Aodd = UV
2 ] ] AEFEY, Bdged, dFEFTH, AsETH, BN, A ganid So &
opoll Al mFAel AFANeIY BEFEE Al MEE A Ve2A EdEHL S =7
AA AR AR FHL e SFHEEC|Y oA def T d57F &ds] L QLo
I S8HRE AS gdEHL e FAY. 53 kil
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Extraction Polvmerization
(& -E-Elﬂiljglz%i =JIEM [ME2 7141 &4 ]
—=

] Impregnation
Cleaning oA H=ZA 2 ‘
‘ (X OIM &2E 3] ‘ [nggﬁfa

. = e %

O Z=YA olitsteta S04 ortsteaie] ATAZS 93] FAYUEE B&sh= dv= IA
&Y A Aoz dHA 5. o= vloldes AAoly Ast dits<S 8t /fddddl, =
A FAZE Szt AP E =] 9l LEAE ARE ZAYES F&st= Pl tig A
T2D2297F RS AAT o7 AFEolMe Ao dTAbEe] AdRE e Wt w
g} o4 8 AERZTEo] TR vs. Y 18T AL olthe =& ey, 253
E AHE ZI3YEV YA olitstga 40 kEHYE F53% SAFE 2UE F e

oulatE AL ofyu, wj

F S =W A hydrous silicas A

= Aog A U5 o FAolA COt omd WA g HEHEAT vlg T3
A=R

2 Bk FHE A7) FEREES do7)7] Wil BESHo] A e SHAINE oy
simulated ground waterol] &3j® CO,o Fej2 WkSs AL FA3) W

2 Yehg. dA7A SCDE 83t 38=A 9 dAZITES] F43) vl&
EE e Ao votd

21) Holloway S. (1997). An overview of the underground disposal of carbon dioxide. Energy Conversion and Management. v.38, pp.S193-5198.

22) Ehlig-Economides C., Econo M. J. (2010). Sequestering carbon dioxide in a closed underground volume. Journal of Petroleum Science and
Engineering. v.70 n.1-2, pp.123-130.

23) Steeneveldt R., Berger B, and Torp T. A. (2006). CO, Capture and Storage: Closing the Knowing-Doing Gap. Chemical Engineering
Research and Design. v.84 n.9, pp.739-763.
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O =ul HAZRE AF3de #5232 E(Type A), =3

F2ZA(Type B), <=&#ZA(Type C)
g A8

O =592 Ao wet 42 H(EZ3, 24 2mm o]3), 2-5mm, 10mm)E A ¥Esle] 23
< 1D HZ3gE 9 ¢d=A49 38 &7
Type A24 Type B )\ggfj_czﬁ
Type b EET= EHFTA) _ﬁgggza_ H) 1
. (=1 T ="
F>=A4 A9 (No.4A| =) NodA| =)
10mm A-10 B-10 -
XHE_ 51_7] 5~2mm - B-5~2 -
(#H7Z mm) | omm A-2 B-2 C-2 C-2 He
powder A-P B-P C-P

PHOTOSEALE FHOTCSCALE

(@) A-10 (b) A-P (c) B-10 (d B-5-2

] &
FROTOSCALE tiem FHOTOSCALE tem PHOTISCALE e
(e) B-P () C-2 (g) C-2(C-2 He) (y C-P

(79 10] A2aE 9 «B2Ae] F82 BFEAR

=

24) Type A HZAYE W FLEA(LTH
3tElo] Qe A, 1:]—
E’ 2 38t A

0% FMFFTAZ FAE 1AHLE AAT T FHu

zox ZELZ(NHE Ho|2E9} Z=A(2ef)7t &
FEEAE G AAHA FS FejolnE AEH e F F2

SR=e]

A AES st & RIAdAE HIZaY
- 27 -



E 3 =824 pH 42 S F1A EFededA@7I=ES 07302.1a, =4
2 22 =

RE HEIE 9 £TBARDY) ABE pH 12 o402 249, ol I wT2A
PH A& FEAAAN/1Ze] ARe £30] B8 WE AF 7%, pH 980D R} ¥
o Aow =AHo] g B/lsE Roz Buw. med wEe) pH A7 Ael FHo] £
shEofofd Ao wrhy

< 12> #ZagE 9 == 54 pH
e A-P B-P C-P
pH Z}F _ - - - - - - - - -
13} &3 27 &4 1= 54 2zr &4 1% =3 2z =4
pH 12.92 12.86 12.89 12.99 12.44 12.46
=iy 12.89 12.94 12.45
GE 13 HEZ38E 9 3249 XRF &4
Chemical composition (wt.%)
Type

CaO SlOz A1203 F6203 SO3 MgO K20 TlOz PZO5 ZnO

Type A 48.93 | 42.22 | 2.38 2.11 2.04 1.35 0.60 | 0.18 0.10 0.10

Chemical composition (wt.%)

Type
SlOz CaO AlgOg F€203 Kzo MgO SOg Nazo TlOz P205 MnO

Type B 41.92 | 41.10 | 6.79 | 292 | 198 | 1.88 | 1.81 | 0.88 | 0.46 | 0.15 | 0.11

Chemical composition (wt.%)

Si0, | CaO | ALO; Fejo K0 | MgO | SO; | Na,O | TiO, | P,Os | MnO

Type C 45.63 | 35.36 | 8.19 | 3.01 | 231 | 204 | 1.67 | 1.02 | 0.46 | 0.17 | 0.14

HlaT AES 8] Bxe 1d87](pressure vesseDoll Al SCD} Hb-g- A7) R ka1 32} %
soTet HEAA7AIR)] @EHe) 7H2ENE EEAA e pH WEE SAHIHC-2 He)
ZEaeT 10ml + EAAE 35g(EF vl& 2:1D)< Teflon Hlo]7A o] ¥ whkgk & 2|
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2 A2 el 9bg71(150ml &)l aHAIF
D

O 54871 WHE SCDE FYste] FUE SCD7F Zewrol &sl=o] A9t whgaes
stgom, wgAZE Bk 1gher] YRS ¢+ 100bar, €% 50CE FAAA(Y 119 2
g QB i AR FHE/FHEEHE AH AR

(@) 2¢-871/4%F 150m>

X— : Meadle valve : Check valve % ¢ Heating Jacket

Cwven (50°C)

coz |_X Supercritical
Gas CO2 =
Packing / D,,”d
istilled water
7] L]

Syringe Pump

Reaction high

ressure cell = =
i {100 bar) Teflon beaker

[29 12] SCD HFS-(HAHES) AF Hjx] BAE

O SCD$} wkg % 1, 5, 10, 15, 30, 5092 %<%&=459 pH, &2 %ol &(Na’, K, Ca®, Mg”,
Fe*, Al*, Si*), &o]2(fluoride, chloride, nitrite, bromide, phosphate, sulfate) xE& =
of WA HE TAIE

o
ol
oL

O 249 1%E712 Dol 459 W0mE Aol BAsIAOM, AAD FF 3% 2
£5E A Y F P8I BE



NX(ETFoZE A F AES A9 A, A2 & oA ERFo= A=)

O v AREg EAA TS} WSAI7IA &2 Al =A A5 tiste] 77 ZAA 59}
2e&gE 15 Bl&00g - 50m) 2 T F 108 E<F 150rpme. 2 wwkgk § G2 A7)
a1, AR A B2 255 pHE =4

O SCDE A gatA &2 A =A A5 thste] &€& pH WstE SAHst] BluToEH,
SCD ®kgol eolg #HZagES] pH A7 &35 vl

(b) 509 Whg F g BelE Aad

nh == Ale] SCD ®bg A3 A

(1) ®H-g AJZhel] wh2 pH W3}

O Z3YES} =&#ZA7F 4120 AEE CaOHy7t o x3Eo], £ gE w OH o]
o2 gEo =2 pH7F FestA H. ol# &sinkgol SCDE H7lstd, ol & 4+
7b & E ol TEAL o] Faol(H)o] AIHEA atste] 2(OH)F Agste] 89
o] pH7} We7k= ez add

# 14= SCD ®hHg A1ZH(1, 5, 10, 15,
A d3dE v A

30, 50Dl W& HIZTAYE I
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‘Iﬂﬁo‘ﬂ \mﬂqm,lOH,mﬂl _,AO = T T 3UT.E
A 2R Ewo 8% By
~ ,W_H L._ O ~~ .~|/
%%MM%M%N Mwioﬂ Afo_‘wm Eﬂo__ﬁ DW MMNJ @u%ﬁﬂwn
ABERIEIRE 4 2 e d 2 23 L~ 2%
*el” e T ~ L b n b Eo
o - T D W = = o)
T O TR O R I efpc
SEHREIERE FRa s dlT oo y= FELE
L] e | N | =<2 T L H‘_&um_ﬂ o} - o- b 3
AR I R S N o T = o o | ° CRGOAE
o WEL% IWQ% o @ﬂ T S R
e < 7T Ik A = o - T2 o o T B
TZ%m%%ﬂM i o 2 MleT Mt +a,ﬂ w© ﬁAﬂqwz_o
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IR R & CECENPN B o 2 B PR
i g .= g PR S T s
P g o 9O T oy o T A
Kol h|3 |8 3|28 o X Iy vosw Pawx pedah
SIFSREARCARERICH RS & = TP L ! N RN R Ho BN AR
w || e Tp© o O = T Do N4 o
W A7 4 o o = olp ) = No & of o M
4 o' PR RN S R
J ~ X 0 0 N — _—
= |2=i8/z2 8 s TRd MBI T ORT LT 3R RT
m|w|lw|w|w]|r~ o N Oﬁﬂ —_ ﬂu EW uAI,l,n!D\U Mﬂ&o
%fuc. i T\ < Mo = ﬂﬂﬁ%ﬂHﬂ
A E T N X o ) A @ o] A & o
.Mﬂo_llz._ ~ o_ ﬂX_H_H,WUC Mdﬁ A..#ﬂﬂ
S I ) ) S T _.P 5 W dog O AR oW 0B R
TIglFe| S e = ~H = Ao oF C:al = K o N BT M
RIS i PRI BEQ sivLile®lIw
_ 0 N T A o ) R 3 TR LT
& R L R o mo%ﬁmﬂﬂ%%wﬁroﬂ
el wlalelalolo m_xﬁz%@cm_v%%% Mg _qﬁo% E%Hﬂou%ﬂ
TIS(2S(RIS R o ow o X ~+ L Ao %P b P ooy = do M o oo
<|©|©|© < W o = - o do oy WP o WE < ) )
= G-I >N F — YT W T o E
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. l —~-A-P —-A-10 ~-B-P ~+-B-10 —-B-5~2 —-C-P —-C-2 +C-2-He‘ ——A-P —-A-10 ~-B-P —+-B-10 —-B-5~2 —-C-P —=-C-2 --C-2-He
- = 600
5, 120 <
€ £
£ 9 £
c —_ < 400
K] — o
T 60 B
E E 200 2 \:'//.—v
g 30 g %7
s o S o
0 *— - ® —0
(@) O
1 5 10 15 30 50 1 5 10 15 30 50
Reaction time (day) Reaction time (day)
(a) Si** in water (b) Ca* in water
~-A-P ~-A-10 ~-B-P ~-B-10 =-B-5~2 ~-C-P ~-C-2 +C-2-He‘ ~-A-P —-A-10 ~-B-P ~+B-10 ~-B-5~2 ~~C-P —-C-2 -O—C-Z-He‘
= 1000 <. 180
o ﬁ o0
E 750 £
c ey
& s — B
[V} . . (]
o — %]
c c
8 0 L * * * * ® 8 0
1 5 10 15 30 50 1 5 10 15 30 50
Reaction time (day) Reaction time (day)
(© Mg* in water (d Na* in water
~-A-P ~A-10 ~-B-P ~B-10 =-B-5~2 =-C-P =-C-2 +C-2-He] ~~A-P ~-A-10 ~+-B-P <+-B-10 ~-B-5-2 +~C-P --C-2 -0-C—2—He‘
. =9
= S 800
£ Pt 1 £
s 8 ~ 600
& 6 / / -5
- A o -
® 4 0/ S 400
= @ 200
(0] 2 o
: :
8 o o S 0
1 5 10 15 30 50 1 5 10 15 30 50
Reaction time (day) Reaction time (day)
(e) AP** in water (f) SO in water

[1% 14] SCD ®EZol 93t 8& Yol Y S0l & W

(3 SCD #tg %, =&=A &=2 pH ¥ =4

O #HZIAYES} A7 A AEe FAYE AHNESY A& 43](Ca0), 28 7HSIO),
GFH ALy B A+l (Fe,09) 5o T Z3E o] glojx, oj5e] &3 whgd wf Ca”,

Si* & Foleol §EHW ANERYE EelHo| oeslEn Zof pHrt 4EsiA H. ol
& BolRkgolA 2UA oltstEAE HUMSHY, ol F dHVF &siH FEAt o2
Faol2H)ol A7IA FE&He pHZF Hei7tks As & 5 e, ¥hs F AR
HESA71A @2 27] Algd Hste] f2dde 3T

L 23 Weow §55
FarsiEo] PP oM

o
@)
-
B
fo
i)
H‘.?{_i
2
fo
o
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| —@—With scCO2 treatment —@=Without scCO2 treatment ‘ l —8-With scCO2 treatment —@—Without scCO2 treatment |
14 14
13 M 13 |- o—0—0—0—0—0—0—0—0—0—0—0
- 12 T 12
o 11 o 11
10 10
9 | *—8— 9 %
8 —\&Aﬁ_ 8
S R R B I S ,\'»‘&(&, S NY 6 9 0 D R ,\’Lé&&, -
< &8
Extraction time (hr) Extraction time (hr)
(@ A-10 (b) A-P
14 13 ~
13 [—0—0—0—0—0—0—p—¢ 12
*—e
T ¥ T 1
o 11 o
10
10
9 9
7S e S e it S )
8 e o oo *—0—o9—9 | 8
N Y 6 9 0 S /\W*{\(&\/@’}@ T T TR SR P ) ,\'L.&,\& R
& S
Extraction time (hr) Extraction time (hr)
() B-P (d C-P

[ 15] 503t SCD&}F Hb-&-3 =%

ik

Aol §& pH ¥

2

O A-1000mm =A) A= 79 SCDe} vk-g-A1Zl &A41¢] pHe 8.5 olgtE FA st HhH, wt
SANA B £BIA pHE 12014 FAF. APELY) AR 5 B3N £
29 pHE 1199 §2 47 B pH 9 o|5t2 fASH oM, WeshA we w2 el

o,

fA%. Type Bok Type C «FBANNE ¥ &3 54 Yepdo,
Azl =29 A dAASA pHIF TAast=E Ao=Z YeRG(eF 10,0008 4F

o1F fAStl, WIAAA B BA AR PHA2-13 AeDRTHE Sk SA e S
SHAT SCDR WHgAZl BAle) pHETHE 5e B AR vehd
$34Y AR ATAYES SBIAVE AT AME ARE SCDY WSATIE
A% AzaNER BE §28 Foleo) BRI/ ZrleE AL B 53 Ca¥ olee
=l % ek

Fol2so LH= FAFolH} Wkt Hu HEAHR FakstE(d:
Mg(OH))olu T2l statddEs Bt e & =49 pHE AAAR o= &
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scCO, reaction

with H,O for 50
days
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2. CO; “(phase)ell W& 14(24hr) W5 #HIZIAYE &4

O CO9 4 FF @ A4 CO, SCD, SCD+E 37 WHeH =

O #F2 Fe@Bcmx3cmx3cm) 2 JA=7](10mm, 10~5mm, powder)el] u}
A E3IHE gFsk e CO.¢F 100bar 50C ZH A 1¥€(24hr) &<+ W

O g

& I E(ESE
o
[€)

8559 pH 24 2 WS A-F A@Ae SEMEDS B4

o

PHOTOSCALE 106m

HEEEBR

(28 17] HZ2YE A FA 3 134871

13 | — 11
12 —8—Without treatment | | —o-A-10mm -e-A-10~5 mm -e-A-Powder
—@—Liquid CO2
Only scCO2
11 —@—scCO2+water M

pH

6 30 8 90 TG 150 180 0 30 60 90 120 150 180
Extraction time (hr) Extraction time (hr)

(19 18] FEEH #HZagES pH W3t [17 19] SDC+& HH-e & HE 38 EQ pH WH3}

O o CO% SCORE.2 197 e ATALYES] §55 pH 2443 pHE 10 o3
451905 SCDFES}S] Mol WE AR pHE 82 o] Fol 85 ol3)x
FA9. wgo] MIFHow Yojuh SCD+E mAolA Az EY] A4 =70 o}
BSHE WA A3 FUYHS AYAS HWIAR L 9 12 o
SCDS} B¢ Beq 1Y WEo2E AEazEs pH ALS 58

O SCD w¥hgol mE F=3+2 WHsls st 93] 33 SEM &4 A3iEs 492 Ay, 1
2 200 YERD vie} Zo] SCD 19 ¥HERto2E HIAZES AHIE JREO=E o]|Fox] A
7](matrix) & portlandite®] £3)2tgo 23 43 F3E e T3S B

- =

O =3 a8 210 Yepd v} 2ol HAFZ AT E A gA HHo= skl AAA A EH=
RHo g Yetor, AR BX Ax calcite(CaCO3)Ql Ao & &2lE o= HEIYE WH9
o] &(E3] Ca*o] &o &aE COP o] L3 Agsle] calciteZ AAHAY, &F A7t}
uh

o

H-g8ke] ZEE b, Bt e @47 Aoz ddd. old o HIZAYE §EF
pH #zto] SxtE = Aoz g

oiet,
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HOX
\Probe= B00pA WO= 78mm  ScanSpesd=
Sgral A = NTS 8BS0 N=B

Nove Reducton = Prel v

®

Auto BC= O e 20 e 2007
Systern Vacuum = 7 850008 mbar
OpeBeamn Mode = Recoloon

100 pm EHT 5 2000W tinese Feacton : Pri dug
F iProtes E0pA WO = B0mm D6 Sgend sl Siystwen Vacuam + 2 Ge-008 méar
Sgral A = NTS B50 N=8 OpsBearn Mode & Rrschsion

A AP ASCD

(13 20] Wt

o ohe Fu

S =
) .

odk

HEZ3gE AgA SEM o]u]=|
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PNU CRF
oiss SUPRA 40\

PNU CRF

(d SCD ¥r& & AlgA) wHe] 24 ojvA 2

[719 21] SCD ®rgoll wt& FHEY HAIZAYE AIFA S SEM ojrA] 5l &H AR
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7k Ad R

O w=3ZA2 pHE Asr] s st 71s Z o o 7B & EA1%-A pH 35 #
g HEg fAYSES &g

O +=83=A9 ALz de =d=A4 Fdo FFEH s AHE RZEEZ2 YR EA3)
+ Ca(OH)oll g Aoz dejA Q2. X3P E o] CaOH); F8HL FAAHFIA EFL
AETAHANG7IFES 07302.1a, FHBAASTAIA #2017-22&, 2017.08)0] 2]5H 20T il A
12.63 12 25CollA 12459 pHE S 7HAH, A E WHAA &Zed Fs8 I
PAdste] Ao FAE UAsE 9TS g By olyel 3 ES pHE &4 FAA7)
= 8%le= iﬂﬂ]E«l ZAEdrd B9 C-S-H =3 11 o9 H2 pHE 7 & Fo=
A Q20

O AME #o]|~Eod SCD7} =34 9, $A"0 7 Ca(OH),9 HFe3le] Blazt4S A&
stH, o] & C-S-H W F¢] Caol&o] &&5o eibzdsS A4E. C-S-H HF= FH Caol
=9 §=9] ”‘0}11“4 HZA o2 hydrous silica® Wolst, C-S-H E/9 T+%2 HAS
soim A #2, =3 dFEY A-¢ CalOH)p? COe= = &sid Y= vk stug
EgEA o] F2E ARE #o]l2~E9 FdZeldo] IEHA ¥e MAAA FHE
AZAN717] HAsA = Ca(OH)27} %Oﬂ %l‘%ﬁl Bl E = HAAHH A A S A

. A@A A= 2 SCD kg
D) A1@A A=

O SCDeF AHIE A& 3He] T4 WS ATz BEsty] fs) ARES = o9 T
T A7HES AMESHAl 2 AHIE Hol2E APA 59} 2ol Aztek AlgAe =

AR ER(W/o)= 04011, AlFA|= ¢F 38043t
I R i o BAo Ao FAAWHES AT o] f
37F HAY SR =

O ¢F 380¥¢ 79 FTdA olF AHE Ho|2E AFAE st a7 229 Zo
Powder(<1.18mm)e} 10mm(9.52mm~12.7mm)e] F 7IA] Y==2 EFSte 2Ad3. oy
SCD ®H$ A Al@A o pHE =323 oF 125 AEY S /A= Aog =HE

dAE E 1
ERFNHDE FEANA FFUY U8
E GATHAA AGAY FA

nrl>
S 4

{E 15 AHE Ho]|2E AgA9 fa

Specimen Size (mm) Curing time (day) W/C pH
Type of powder <1.18mm
380 0.4 =12.5
Type of 10mm 9.52 " 12.7mm

25) Zhang T., Cheeseman C. R., and Vandeperre L. J. (2011). Development of low pH cement systems forming magnesium silicate hydrate
(MSH). Cement and Concrete Research. v.41 n.4, pp.139-142.

26) Baur 1, Keller P., Mavrocordatos D., Wehrli B., and Johnson C. A. (2004). Dissolution-precipitation behaviour of ettringite, monosulfate,
and calcium silicate hydrate. Cement and Concrete Research. v.34 n.2, pp.341-348.

27) Taylor HFW. Cement Chemistry. 2" rev. ed. London: Thomas Telford; 1997.
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(a) Powder A @A () 10mm A& A

[C19 22] AJRIE Ho]|2E AFA

(2) SCD ®kg

O

O

T TR AME Ho|2E NJAE 44 S/HRT 12 TF SR 14874 Yo 1
A3 & SCDE FYE. old COx= AHA F=Z(260D Syringe pump, TELEDYNE ISCO,
Ush)E OI%OP@ ARG AR FYsidon, COt Y98 1¢&71= 49 2 7E

L olg B 1U(24hn) B9 2YAFS wEE £E o

=

|4 Al@A S k& Z7f 35g3 10go. & Fiste] w33k
Y== SCD= 35g Al@AS] A9 oF 0mIAFA Fajef oF 8ull), 10g Al 24 oF
150mI(A A Faj o] of 5082 AHgH. olwf SCDel =UA ZH #+AE #si 50T,
100bar Z=7o|A ¥Fg& FEstROH, ¥3g 259 SCD ¢ +¥y F7kd & w3 W
35 SA35H7] #18 80C, 200bar oA o] ¥Hg%= FIH(E 16 R 19 23 Fa1)
ARE FHo]2ERE ¥hEo|xl powderet 10mm FHEje] F+ AFAE 2eFol HA S
SCD 7ol ==3 5, ¥hg -3 mE APA e WHIE Flstr] ¢3] XRD(X-Ray
diffractometer, Rigaku, Japan, Ultima V), TG/DTA(Thermo Fravimetric-Differential
Thermal Analyzer, Bruker, Gemany, TG-DTA 2020), pH(pH meter, ThermoFisher
Scientific, USA, Orion StrarA211) 48 233 o|F HlSo] w2 EWH wAFTx HES
gR13t7] 98l FE-SEM with EDS(Field Emission-Scanning electron microscope with
Energy Dispersive Spectroscopy, Zeiss, Gemany, SUPRA25) #41& 2133t olu] Al F A <
pH SAHL EGd3AEAE7IEd et vk g8 & d2A AFA SRS 159
2 T8t §E5 FEI F AN oW, pH WS Flslr] s 10€3t

o

A\
ol MO
n%

G 16> ARE Ho|2E APAS] L% 9 o] WE SCD MEEA

Mass of Distilled | Injection Pressure Reaction
Specimen(g) water(g) of COy(bar) Temp.(C) Time(hr)
35 70 100 50 24
10 20 100 50 24
10 20 200 80 24
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Specimen : H,0 = 1:2

CO, : 90ml and 150ml

Cement Paste Specimen :
35g and 10g

Syringe Pump

(19 23] AIRIE Ho]2E AJPA|e] SCD ®H-g-(HARES) B4 =

Pressure Vessel b

3 JxFo 2 SCho =&5H

E A@Ae XRDE &<l Ad, T3 FA7IIeRE s

C-S-H¢] peakr} #z=. =3k Ca(OH), (portlandite) 2 ettringite, monocarbonate2] <=4}

T oElE @A AAdEHe ZEAE ARE JdJAHAFRE EYH calcte &A= C-S-HY

It HA WEstA GEA Fhoyt A7 EAEtE Ao E AR, ol TG/DTAE
o] &3 HAFEA S T3l W AFetaA

Po Po : Portlandite

CSH : C-S-H

Mo : Mono Carbonate
He : Hemi Carbonate
Et : Ettringite

Po

CSH
Po Po

Et Mo
E Et
H lt/lo H Po
Popo

L | | | | | |

5 10 15 20 25 30 35 40 45 50 55 60 65 70
Diffraction angle (20)

Po

X-Ray Intensity (a.u.)

(19 24] SCD ¥F-gS 1A &2 AHE Ho]2~E2] XRD patterns

O Powder gej2] AWE #Ho|~E AlPA 10gS SCD} ¥H§ A7l A3}, =9} tgo] Z+
Z} 50°C -100bar, 80C -200barql ZZdolA4] hemicarbonate(¢F 10.78° ), monocarbonate(<¥
11.67° ), ettringite(2F 9.09° )¢} 28 calcium aluminate <3+%2] peakd} portlandite2]
peak7} BF AtgkzRl Ao g Fel®. 50C-100bar A& calcited] peak?t #ZEHE o
o, 80C-200bar Z7 oA+ calcite(eF 29.4° )9} Atz gl &= & A2l aragonite
(F 26.2° )] peakdt B, 3, TE powder FEjo] AHE »ﬂomEq 25~35° o3 <]
o 4 &= AW amorphous band7} SCDeFe] WS- & Algkzl AL 2 4 2. ol
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calcite®] thZAy Aol 23 Fgko
=A%

2 Holu, C-S-He| #kgo 2|t

Ho]2E AlgA] 35g& 50C-100barol A SCDe} wWH-S-AIZA S wjol
3] calcium aluminateQ} portlandite®] peak&°] EA|slH 5. °l= 10g
e u, W3S 93k SCDY FYP o] H=3le] calcium aluninate
T HESSlA] Esla JESIE Ao 2 kg, v 10mm FEfe] Al
SCD¢} ¥kE AFA S Afode =% E—J e 2ol #AIglel BF
portlandite peak$} calcium aluminate®] minor peaks°¢] A3 EAst= ZHOoZ UENE.
ol # T3 AWME #Ho|2E YW mAlF2E F3 SCD7F I F3t7] HaiAe o=

ABA et Al
portlandite”} =
Hlo|=E A PAE

M o o

=7

X-Ray Intensity (a.u.)

[e] a2 3 - S o S
24N 3L o] el Aol BasitE AS onet
Ca Po : Portlandite Po : Portlandite
Ca : Calcite Ca : Calcite
Mo : Mono Carbonate Po Po Mo : Mono Carbonate
o Et : Ettringite He : Hemi Carbonate
(35g 50°C 100bar) Ar : Aragonite Et : Ettringite
Po P Ca
c °Ca €@ ca po” po (35§ 50C 100bar
Et Mo P Po Ca Ca Ca P Po
— Mo Et]) ¢ P
~ Ca a Ca Ca o Popo
3
& Po
>
=
‘@ Po
. 5 Ca
(10g 50°C 100bar) o £ (10g 50°C 100bar
Ca ca €@ ca ca ; Mo [ £t c Po
e e e | g M R IR _Fe__poko
z Po
Po
Ca
(10g 80°C 200bar)  Ar od & Po (10g 80°C 200bar
ca M) ara,C caa® \W‘J ca He'lca ca ca fca P po Popo
Ar Ar Ar Ca Ca Ca
L L L L L L L L I L

5 10 15 20 25 30

35 40 45 50 55 60 65 70

Diffraction angle (26)

(a) Powder A&

5 10 15 20 25 30 35 40 45 50 55 60 65 70

Diffraction angle (26)
() 10mm A @A

(27 25] SCD ®h-gol w& AlgA|e] XRD patterns ¥ s}

(2) TG/DTA #4

O AAds 4%
A@A Wl p
el 3

0 100 200 300 400 500 600 700 800 900 1000
Temperature (C)

[Z29 26] SCD Hh-&  AWIE so]2~EQ| TG/DTA =
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O SCD ¥hg 1 AIHE so]~E AlgA|e] TG/DTA A@A7, AEA Wl portlandite”} =4t
™, o] 450-550C &% F3tollA H07F Sdgtol whet of 2.98%2] FAWSE A=
Ao Z I, 600-800C 2% F7rollAE CO7b S&gol whet oF 1.95%2] F3F #Zavt o
A=), o= SCD e A AWME slo]~E AgA] o] Az calciter} A5 U

e A ofud

Powder A& | 10mm A] & A
10 — 100 10 — 100
A —DTA(WV) - - TG (%) AN —DTA (V) - - TG (%)
0 L 95 0
F 95
-10 4 85.703% - 90 -10
-20 ' -20 L 90
— L 80.969 % 8> —
330 % | &30 S~ 83.535% o s
= F - = . o r o
= 40 2| S0 2
L 75 |
-50 -50 S 78.904% - 80
80.765 %
-60 70 -60
TEr———— ] - 75
67.857 %
-70 F 65 -70 — e
74.005 % =
-80 60 -80 70
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
Temperature (C) Temperature (C)
(a) 35g/50°C -100bar (a) 35g/50°C -100bar
10— 100 10 — 100
N —DTA (W) - - TG (% AN —DTA (W) - - TG (%)
0 N - 95 0 - 95
-10 | 90 -10 L 50
-20 -20
L 85 - 85
E -40 2 E -40 2
- 75 71.680/% - 75
-50 -50 '
-60 r 70 60 - 70
70 - 65 -70 L 65
61.724% .. 63396% T~ o
-80 ==L 60 -80 =L 60
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
Temperature (C) Temperature (C)
(b) 10g/50°C -100bar (b) 10g/50°C -100bar
10 < 100 110
~
N - 0 == -
0 < DTA (uV) TG (%7 o DTA (uV) TG (%) 105
-10
F 100
-10 L 90 »
- L 95
-20 83.336 %
_ A L 85 2 L 9%
330 \ w0 g E_ | Ba516% . g
£ 40 3 o[ =-40 79.682% o
° i 75 ° 82.349% - 80
-50 i -50 R
! L 75
-60 \ - 70 -60 » L 20
61.757 % |I 71.689 % -
-70 i - "6 -70 - 65
-80 SR T -80 60
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
Temperature (C) Temperature (C)
(c) 10g/80C -200bar (c) 10g/80C -200bar

(29 27] SCD ®H§ & powder ¥ 10mm
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O 10mm e A@dAS -5 SCD ¥hg Fol= 3] 450-550C =% F1tolA SHFHst

AEtE Ao ® B ou portlandite’} Wolgles AL & ¢ glom, A
2.17~3.38% HHAE gR1E. ol FF Wslol wWE A E S
3 2 mAFR e BrdAAESE AE AFREY Ao|, nATFde #F B <

\

o 1

& IAE A= Ig Zo g JAdy

Powder &e] Al@Ae] ¢, SCDe} whs Azl 3 35g AlgA|o A= ¥F portlandite}
z8 Qe Ao FAGEHF Zae o 141%)F. wd, 10g AFA A= 50T -100bar

9} 80°C-200bar F+ WF-§Z7 EF 450~550C o] &% W oA portlandite®] F#HFZFA7}
FAHA Ak ole AME Hol2E Wil portlandite7t SCD9F RF RE-3-3}o
calcite e 2 WslH Zo 2 ATy
A A WHe HO 2 CO, Sell 93 T Wd&S ol &3t SCD w3 W& &
portlandite %3 WA calcite ¥ ALE A e G ® 179 2L
<3 17> Calcium hydroxide &A% % calcium carbonate Y/ =
Weight reduction rate (%) Variation of Production amount of
Type SCD reaction Calcium hydroxide | Calcium carbonate
at 450-550C | at 600-800°C (%) (%)
Without SCD treatment 2.979 1.947 12.247 4.430
35g-50°C -100bar 1.414 13.113 5.813 29.829
Powder | 10g-50°C -100bar - 20.919 - 47.586
10g-80°C -200bar - 21.579 - 49.088
35g-50C -100bar 2.770 4.899 11.388 11.144
10mm | 10g-50C -100bar 3.384 8.283 13.912 18.843
10g-80°C -200bar 2.167 7.993 8.909 18.181

O SCD¢} w33} l %—E% A& A el portlandite =4 F-S oF 12.25%°]H, calciterx= 4.43% =)
3= Aow olu] powder HEje] Al ﬂ]—“— SCD ®ES $of thF& calcite A4 =
o] @A 3stA %7%}*‘:— ZAog gy, 59, < 98 FUHE SCD 4S F7HAR 5
0°C -100bare} 80C -200bar Z 7ol A portlandlte txﬂ Fe A9 FRIFHZA kgtom, ojdy
A HE calcite= 40%E A3lst= Ao R Yed. 7| A5t portlanditee] SR T
o oFo] calciteZ} MAE AL calcium aluminate 31E 2 C-S-He| Ca A& {§&F=2
F7F Wh-go] AR AEH

olo] wkall 10mm el AlFAe] A5, SCD #ho| we} calcite= 10~18% AZ = Aot
-9 portlandite= B5F AEHZA| Fstal 3] EdE 2o ARIH. o9} ol
AFE #o]2E A @A & SCDO whg wAUSS Ads] & o, SCDE AFAY °F 50
i o] Z¢lated 501 -100bare}t 80°C -200bar 270 A 8519 w) =45 wLo] %3
o] 7bed Ao=® Ueytow, 5 HZ o w A= AZ/CO0 HES
SEE5HA HW SCD TA83AE 34 &8s ERE + d
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pH

- pH =A% . SCD ¥k$ A3 1YU(24hr), 2¥48hr), 3¥4(72hr)3} 102

Powder e} A A= SCDe ¥Hg & pHE =A% A3} 10¥ A & BE A PA <
pHE= SCDe} HF§-3FA] & AlgA] pH 1250 Rt} Z4skeE oz gRIESI ey =4 pH
o] Folx 7tAidtE AFFS BY(Y 28 Fa1). 35g-50C -100bare] =79

’[G
>~
o
=
2
401'
—Ll
A

HAe] 79, SCD ¥H-g2 % pH 124602 ZAHFHJoH 19 A T 11542 pH7} T
ROl = AEFE BRI Azto]l AAEe] wiet pH 11.672 ddg o]l dF I EH+=
o= glg. 10g-50C-100bar ¥HE =39 AFA= REEAF, 35gS WHSAIZS
Hot dA3 w2 pH 10582 SAH. o|F pHe ALKz Zaste] 10d 43 Fole
pH 9.50% A= o] SCD¢} WH-gatA & Al@A e pHeF Hwd w 24% Astd Zo =
e

=2
bl
i3
-
ol
=2
=)
T
N
S

o]¢} o] A=Al SCD wWh-go wte} portlandite’} =F AXH 9]
10.58~9.50.2 FAH= AL AHE ]/’\E U5 =&

o] &A35t7] W&, 10g-80°C -200bar ¥hH-g- 719 /\lﬁdzﬂt— SCD .
2 71 9A S5, powder f‘éﬂ]«l AN@A FolA %7] ¥hgo] 713 &
P Aoz FHH. o|F 2, 3Y AAAZA HXH O = pH/F AstEH Ao, 3Y
A A-ollA pH7} tha& AsEHe AoE glE. 13114 10¢ A#A Fdoll+= pH 8.59%
olste] 71 & < gk

pH7} oF 19hF 9A SA ¥ A2 portlandite ]ﬂoﬂ /\l‘%llf_ o] ~E ¢ pHE ﬁﬁl A
ANAE T Aol SCD2e] WHeS 53] AxH Aoz Ay oj= C-S-HY Ao=

foox o 5 ox
o H 2 fo A

15.0

—— 35g 50C 100bar
14.0 ---#--10g 50 C 100bar
pH 12.5 without scCO, treatment ---@--- 10g 80 C 200bar

—&— 35g 50°C 100bar
--4--10g 50°C 100bar

pH 12.5 without scCO, treatment ----- 10g 80°C 200bar 13.0 |

e - B
______________ -
_______________ @ __
e @eememmamana @ T
""" 2 J
8.0
1 2 3 10 1 2 3 10
Extraction period (Day) Extraction period (Day)
(a) Powder specimen (b) 10mm specimen

[ 28] SCD Wh-$-o wE AWE o] ~EQ] pH W3}

10mm #eje] AFAE SCD} ¥ A7l 5 pHE =43 A3, powder ?‘5:]1;]]3] NEE !
PN 2 mE @A pHE SCD #Hg A vl FaEE Aow SR kS
719] vr& pHell Hbel 10¥ A3 % pHE 10.04~10.9302 ta ¥

OM /\lbé.zﬂ«l FHEET :*%l T3 E AT Az
],
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(4) SEM % EDS #4
O 50C-100bar =zl Ao wAlTx= Wa} &

Auto BC EHT = 10.00 kv Signal A = SE2 Date :15 Sep 2017 PNU CRF

Mag= 100X WD = 8.3 mm Zeiss SUPRA 40VP

EHT = 10.00 kv Signal A = SE2 Date 15 Sep 2017 PNU CRF

Mag 300X WD = 8.3 mm Zeiss SUPRA 40VP

EHT = 10.00 kv Signal A = SE2 Date :15 Sep 2017 PNU CRF
Mag= 100X WD = 8.2mm Zé SUPRA 40VP

EHT =10.00 kv Signal A = SE2 Date :15 Sep 2017 PNU CRF

WD = 82mm Zeiss SUPRA 40VP

[Z2% 29] 50C -100bar HE-g-Z7 oA 10mm A|WIE #Ho|2E A|FA| 9 wAF=x= W3}
— 45 —




Ao vMTZE &
15| w2} EDSE %

. " B e / . S
EHT = 10.00 KV Signal A= SE2 Date 15 Sep 2017 Signal A = SE2 Date :15 Sep 2017 PNU CRF
Mag= 1.00KX WD = 8.3 mm — WD = 8.3 mm Zoiss SUPRA 40VP

EHT =10.00 kv Signal A=InLens  Date :15 Sep 2017 PNU CRF A Signal A = SE2 Date :15 Sep 2017 PNU CRF

Mag= 10.00 K X WD = 83mm Zoiss SUPRA 40VP WD = 8.4 mm Zaiss SUERA. 40VP

EHT = 10.00 kY Signal A = SE2 Date :15 Sep 2017 PNU CRF EHT =10.00 kV Signal A = SE2 Date :15 Sep 2017 PNU CRF
Mag= 1.00 KX WD = 82mm Zeiss SUPRA 40VP Mag = 5.00 KX Zeiss SUPRA 40VP

. 7 N 2 - '3 - iy e o 4
EHT = 10.00 kV Signal A=InLens  Date :15 Sep 2017 EHT = 10.00 kV Signal A= InLens  Date :15 Sep 2017 )
Mag= 5.00 KX WD = 8.2mm Mag= 10.00 KX WD = 8.2mm Zeiss SUPRA 40VP
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(28 31] 10mm Al@A <] A vAHF+x= EDSEA

2. A3
O AWE #o|~ES SCD WAF, SCD FAFo] BLFS wse Tuats Yojyton)
powder @eje| AWE o] 2Esl 10mm He) ARME so|2Eo wis) FHsh Wgel

o] & Ao & YUel. olx 10mm A|HNE Ho|~ES AL A
o7 F43 A calcite AAl o3 vAFFH vAFEo] wH SCD7F AHE 7 o]
2E9] HAFZ YREZ S8 AFEY & V] dESE AIRE

O ARA el HO Fool o)F F% W& o &3] SCD WEo| W2 = CalOH)
Fe #4% A powder Feje] APAET SCD W-E Fol ALL] CaOH,7F AFekA
Aoz FlHE. E3], SCD %< F7IXZl 50C-100bare} 80°C-200bar ®WHg-Z7dolA4 Ca(OH), &
Age Aol FAHA e



O AlgA HFEY CO, T o3 T3 Ws&S o83t SCD Hb-go mE & CaCo,
Y¥= FAT A3, powder FH 9 A]@*ﬂ% SCD ®kg Fo th&Fe] CaCO7F A== Ao
2 Q1% E3], powder typee] A|HME #Ho]2EV} ¥-S & AT CaCOze o] 40% ©]
A

Jolm, o]= SCDe} ¥H-&-3}7] 244 Ca(OH),0] <¥e] 25u) o]l He T u), 4teko]
2 HEY Ca £ A3 TAINS Ay

O SCD Hh-go mE ARE #Ho|2E AgAe] pH ¥MaE &3 24,
s A odiv Zade ez A4 =R
7FAIZ1 50T -100bare} 80T -200bar &=zl A4] pHE 9.50, 8.59%2 714 A
7ol mE pH dex e ZAew .
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15ml/min® 2 AA A down-flow(staF) B2 oz 24 Fio A8 ~xdgdIHE F
o dASA FACH 35 Fx). 29 &P A8H F FHRFEFS 220L0]H, ©]
AFTF 74 #(1,500~1,900mm)S 71Fo2 oF 63zl FEHE FrEFY

O Z3 525 19 cF=AE A48t =2 fEH= #=d< 24 s
ANE AFH WEE S 9 A HFo s AHs] 8259 pHS & Yol FE
4. 29 FRENFH §28 EE 29 AR AAste] pHet &F Fo
=S SAsta, &2 Fd pHe ol vEE AT

SCD ®k-g A SCD whg %=

@ Z48 A F2EA 0 Z9 B z=A © Z4 C F2=A (d 24 D: Z=A

(18 34] tiE 2 &§4F <= A8 2" Wie 8 A A=

PUMP PUMP

) Vi %l s o

Drainage Distilled Distilled Drainage Drainage Distilled Distilled Drainage
tank Water Water tank tank Water Water tank

(79 35] dg 29 8247 mix
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5. FlEaeE S48 A AL BE A3

7F A e

O 3% 148X «=&=A 9 HIZAYE A FAo =34 SCDE §H7+= T4 wiAdd A
I, gEgAZEo] 24hr(1)S! A5, Agl & =g=A¢ HZIYE &&59Y pHE HA 7+
Ql pH 9.8 o]gtE AZAAZA F Aes YSA+=

O AA s43 Ag @AoA SCD-=A-&F W-&-& 24hr A &shs AL AA4, 7«3 49
o Al F&3lo] Aol JoerE B HFPoA= &&59 pHE 9.8 olst= AAZA +
v HA HIALE AR st AARE FUIE FAS A

v A 8

O 3% 184 wixdgel] A3 #HE A8 Eltype A), =3 F2ZA(type B), &3 J=ZA)|
(type Ol A, Eﬂr -8 A =9 pH Aol 7H =31, pH Ao F8 AU FAF
3 4w(CalOH)pe] Hl&o] 7M1 =2 HEZAYE(Rype A ASE o83t AFS F3h3

O HAZIAYE= I3 399 #Zo] d="E= A7 He A4 10mm, #74 2-bmm, =3I
(powden o 2 #/T &, 7 dEHE T3 MSAT S FIHAAE 3 T7F HZIAYE
A ge gk 43t 4d3)

Type A
Type EEEES
10mm A-10

b=

(2771, 52mm | A-5-2

mm)

powder A-P @ A-10
(28 39] A3 E

O 3% 1484 a3 A7 22 YPHo=E HEIYE AR 35g, = 70mlE teflon H]o]A
(100ml &l ¥, n¢E&7(=EHAH=FE -3 ) HFo| nAHAZ] & SCDE 100bar
2 FYsta 50°C LEANA gt AIZEEst HHSAA HZIYE AEE T4 AT

O A3} ¥k-g2 1hr, 2hr, 3hr, 6hr, 12hr, 24hr 5 F 6714 20 o2 WX A H S NP3 o
), ¥hg 3 ukET|E FE sty 39 3 50°C L&l dx

O dzxz"d #4749 AZAZE AR 10g + S/ 50mle] Hl&(1:5 ¥l&)= EFT 5 10min &
ok 150rpm o2 wWHksE & HX|A|7]| 3, AX T AZHEEAIZD) B2 £559 pHE =43

O 43 AgstA ¥ dd AZAYE AR A3 A3 Az st &9 pH
£ Hluste, &9 pH7E 9.8 olstE FAHE H4& T4 A AtS AA st g
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HZIBYE T3St A Ao wE &N pH & Aelste 18 40~429 e

= &9 pHY}F 12.2-129 HYE FAS,
AE YA 42845 8559 pHeE =4 FAHA-2~5 A89 79 pH 12.7-13.1, A-P
Aol 74 pH 13.1-13.25 #FAIF. ol A8 YAV} ZS4F v|xH o] F71ste] Al
g AA & pH 715 Fidsles AEGFE F48E)9] §50] =olA|7] &Y
3 38~400 YEeRG nle} Zo] HIZTADE AES HS, dAAVL}F #BAGIe] SCD A
AZko]l Z7}shol] wel(lhr—24hr) HE 38 E°] pH A &3 += S
A-10 A529 AS A3 Ag] AZEe] 3hr oY w §&92 pHZ7E HA 71521 9.89]3}
E A AoZ YEeRd. A-2~5 A 89 HSol= AHEl AlZko] 6hr o] Y of, A-P Al
o] Ao+ 12hr o] w &=4°] pHY} 9.8 o|3t=Z A H
HZIE Eltype A AF SAE A9 XE3HA &L = 0]
=2 AL 1HI}HE, FAE X5 =S EAY AFol= 542 pHYT 9.8 °]Ft=
|5+ $43 Ag ARE HZI8ES] HA9HEY &2 Aoz Ay
HEIYE §£24%F AFAZ Y, =R FagEV 28 =3 I=Aype C, ==
7] 5~10mm)e] A-¢ =43 A A7 oF 3hr, JET YAI7) 7 £ o8 FE=A(type
B2l A% 3hr o|3te] FA3F A7 Ao E £E2 pHE 9.8 o|stZ AAAZ F UL
Hog 713

NH

AN+A A E 7} ) BREe] 11
_?r

N
|

14

13

12 —&—1lhr —&2hr —a—3hr |

—(+—6hr ——12hr ——24hr

o
——Ht3H

pH
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10

(% 40] A-10 FA3F A Axte] whE §&59 pH
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—+—6hr —o—12hr —— 24hr
—— Bt H

7
&AM

[ 42] A-P SA43}F A7 A
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6. SCD EAE S o83 AZAE U +HIA FHS Ael A9

7} Ad e

O

£ A7olA AFAA FAT SCDE ol g A AL 1gH 19
A SCD-E-=AA 5 HHgE& o] &3 whal o2 y1qkA Y& 100bar, 50C
QA olatsteast ol galslol, ML =AM BAARI FH
o8 o]0}
W2 2 oE 2PAPS Bate] SCD FAHF APPOE 2BIAY A5 oF 3hre] A
Ao gEoe] pHE WA 7129 98 olBE UE & e =

23 A= AFNAE BT ARGl BN BARYS
NS BTk BARNP O BB FHF ALNRS @
SCDE HAste] BANES weATE PHS
Bhrol A Ihro2 9osm, AAl el caBA ALul g NS BA3 FaT &
At A B2 43 A FYS ANGIA 3

ut
2 Ho (&
D)
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ol
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|
i1
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>
il

Wil

O & AYoA 488 SCDE SAA B BASE B
D SCD+EAEE 2UA TPEANA] WA F COvt S8 BARE 2YABAo
A 10pare] FEAHAD = 100aN% FAA Bl BAHE SABA WAOCIT “IIHEE
§9 AR o2 7))
@ 2YABHS FAE TP PRl B+BANEE $4 WA F, SCDE 10bar
o AU - 10banE o] §3te] LYW W BAAIE SCD EAPHCIFE 7t
USCD #AA *o2 HrDoz APstgom, 2 A WH UF ATIAIE 2L «
#2Alel pH Ay & vag
O 43¢ F3lo SCD BAE 283 BB F43 Aol Irdl Sl = 283
A §E5el pHAE 98 ol3k2 fAE F A= AT AFFHA F
EREL
O 4¥ol A48 ASIUE D VA 1L ASIYE D =824 F39 BF

=
2)= 79 433 o] A-105} B-100.2 252FS ALE3

(@) A-10 () B-10

[713 43] SCD &AF Aol AH8d A&

_57_



(D) 7HHgE g BAb 43

O

il

d

E A3 e 100bar, 50C 1S FAS= dld8ga YHAA SCD+FTHFTE WA &,
CO7F £318 8MS FAPA e} =1E L7 |(ELE: 80barE 32 UlXZ 90bar

o] FPAHOoZ(Ap: 10bar) EAFOZH, TtZAAM CO, 8F &H FAA S}

HES Hustste] veEHE8 ST HHA(H 4 Fx)

& ~HAA2AE BAE o83t SCDE =9 %—OH/\lL %, CO7F &3lld &<
agkzZIel A 10bare] 48 Aol o] &3ke] aghgr]el FxE FAANE 1 hr T4 £
A3

75L &% ngelFo] EF4 5019 SCD 25LF 100bare] 4o ® Fd) & &
L= 5 3" A A(heating jacket)S o] &3t 50C 2 FAAIA B WY FFFo CO.E
z

HEZAZE Ee <A AE S0g= 44 ZEHRJEA2GE Ao 138 dA,
150ml %—%’F)Hi-‘jrﬂl BAA F, FAA7EEze s "HAA LS o] &8t ajkgr] Wi
%= & 80bar, %7} 50

Relief valve®} 7t =F#AIE AH&ste] Ba=HE 90barE 7FgH CO; &E&Ho] =4
NE7F 2o akE7]1@0bar2 A FH A 10ban) =2 lhr &t EAFE ] ZAA S}
HED 5 FEddo] 80barg A A U&7 FH EH =S AAHA
g Ao 2ASE O 44, A¥ ARE 1Y 45 FR)

lhr ¢t 7hHg-E89 Bab A, 750 B3 yRgheo] ghagx 2, SCD7} 120bar®]
z5 YA A4

r,
-1>
U'I
a
X 5
Iz
“‘l
f
Fl°l
el
o
rlot
o
>
il
rlr
lal
z

o
715 o]&3t 200rpme.Z 10min &<+ wHkAIZ] 75%1/\1 7131, AR AZHEEAITE 1
-13) wel &&79 pHE AT =3 AHYA - & SAANEY FE=dHWSE
sl7] 918l XRD(X-Ray diffractometer, Rigaku, Japan, Ultima IV)&} TG/DTA (Thermo
Fravimetric-Differential Thermal Analyzer, Bruker, Germany, TG-DTA 2020

M
1
o
N,

Ly
Yy

S —

e i :

1

scCO, 4L E |— :

lecco, 250 o )1

: 1= !:.& !

Pressurized vessel ! H

(50 °C, 120 bar) ! :

1 1

CEA | moso ||

Heating jacket | |

1 ]

1

Syringe Pump

Pressurized cell
(50°C, 100 bar) 90 bar £AF (50°C, 80 bar)

(AP = 10 bar)

Pressurized tank

(29 44] 7FH8=89 A A3 =A%
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(a) SCD7} A A= 4L 114+87] (b) AR EAFSHE 1¢E7]
GRS CEREES

© 71828 BA Aol ASH U DA} BA A

(23 45] 7Ib8E89 A 49 AR

(2) 7F4SCD A A3

1. O
110~120bar, 50C 2A& A3 ulage)=o] SCDIHS AR & 90bare] FYULHO =
(Ap: 10bar) WAZHE 1H87)(gH4) ¥ SCDE BAZRO 2R, Igzd)A
b BAEANG wAC] AH FEse]l WEEES Z/AAE PP

O B e AR COE SA+BAR A )
FEGY BA PSR SN BASE PHEG NN £9 A SCDe| A, B
A AEgOl §old WHok T g¥ol fAR pH A7 ENE Ushi: A tGeE
89 BA gnd W g2 49T 5

O HZAYE =& <=4 AR 50g3 S7 100mlE 324-87]1(aLt4, 150ml §7) W




[kl

Foll A& =, FokATeH
7} 50CE FAAA HE-SA
O 75L 8= o]4tslerAE 110~120baro.2 F<ista, W&
4" COE SCD ez A
O ez} 39t Alolol AxE relief valveet 7FAGFEHAES AE3e] Bl = EE
90barZ 7}t¥ SCD7} EAAE+E°] Egd udA@ObarZ FA: 7] == 10ban) =

o} SRHAA LS o] &t 1P WHe ¢S 80bar, 2%

oy

rfo

EE 50CE FAAA,

— 1
H7] 2 o] &3t 200rpm o2 10min E<F 1 3 ARA71AL, AH AZHEZAIZE 1
Y-13Y) M2 §E59 pHE =AE. =3 AHgd - & J‘ZH/\]LA =St E 77
371 9138t XRD(X-Ray diffractometer, Rigaku, Japan, Ultima IV )9} /DTA(Thermo
Fravimetric-Differential Thermal Analyzer, Bruker, Germany, TG-DTA 2020) #41-& 2 3)3t

A

rm®
110 bar _ -
o e ——

Heating scCO; 75 L
jacket 90 bar

L3

Y i :

: N - A ¢
Syringe Pump Pressurized tank Pressurized cell
(50°C, 100 bar) 90 bar= (50 °C, 80 ban)

scCO, EAt

[198 46] 7}ISCD EAF 238 mAx

o Ay A

D 788 24 43

RS BASEe] TS AP dZ 2 ES} =8 A dste &=

H #2 geste] 29 47, 27 489 Uehd. 7H8E84& EAHSHA
%2 HAZTAYE N8 A5 &9 Fd 27] pHe 123& yeuilen, && AZt
o] Zg¥gtell wet pH 124-12.7(8¢ 12.6) S FAF. =T SCD AgHA &2 <8
ZA 9 pHE 1192 #HEZIYE Bty di @& pH A4S Y

O 7HH&E8doz Thr ZAkste] AEd HZAUE AR 75, 27 &&99 H+ pH

9.602 oty ot §EAZte] Aol Wt tha F74sked pH 10.0-10.5(8 ¢ 10.1)

= =3
9% fASAL. ol SCD WA AR oul o 100 ¥o] Frole ¥E A7 EHE
B

O 7IgtgE g o Thr BAlete]l A3 w82 A5 27] 82949 P pHE 6.62
2 droly o 8 A7ko] AF3tel wet Zr)ete] pH 9.5-9.7(H ¢
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A A3 A2
o]
=

13
‘m‘ == :'- -l ;ﬁ;’;“.’:‘."."_"."."."a uuuuu ==

12

pH

11

[:l‘tﬂu 47] 7]—?3‘%—%—%—91'1 ‘E‘/\]' l‘tqloﬂ [q_e ﬂ]—‘—ﬂfﬂE,] %_1'4 DH

13
12 ot . e ——
11
10 | e e e e e com o o PHOB
5 0
8
7 T -3
6 : : ; ‘ . ‘
0 1 2 3 4 5 6 7
2= A7t (Day)

(18 48] 7188 B4 23l e =F=A2 &= pH

(2) 7F4SCD A A3

O 1hr < 7FUSCDE BAHste] 43 A @ AZAEG 2BEA tste] §3/
of e $EAe) pH < Helskd 1Y 499 UERd. 71USCDE BAREA e Aea
JE ARe A §Eoe] W pHE 127 o1, «BEA 3 B pHE 120

srolg ot g7kl Aol weh Z7bskel pH 10.0-103G8 7 102891 fA3kel, 7}
YSCD AelshA] ghe ATAelE ARBTE oF 3009 oo Faole BE AY EIFE
B9

O 7HISCDZ lhr #Astel Ael@ siz2aeee 3%, §299 BF pHrt 98RTh tha
A fAHE, pH A% AFE JHEESY B4 Adel fASAY o7 we slow
b

6 -



O 7bUSCDR 1hr #AEe] Held <824 A= 271 599 pHe 8022 dolzo
U g2 A7kl Aol wet Z7kske] pH 9.3-98(HF 9.5 WIS FAsk] pH A% &
7} bk g2 g BA A3} fabekA vhebg

O 43 Ax= <3342 4% 7IUSCDE lhr B¢ BEAG FA3 Aol os) §&599
pHE %7 7]%<l pH 9.8 oJdt= fAL = Y52

O 7IUSCD #AF W3t 7it8E8 A ¥R B, Thr A2l ofs) =8=4 N2
pHE 9.8 ol3lE fAT F d+e= HoE YepdIdHr| B &g =3l #3
AlEE 7]+, pH 9.8 olst= W), tiRt ojo} S AP O S pHE
7] $si M= wESAIZbe] 1hr o4 &g ojof & Ao= Atk

O Hzaeles} wazA0l tate] AUSCD BA W3 /IFEE g BAb wgel pH
& Z7E AR UEbd, SCD AR, #El, AZEo] &olstts A T
WR FolM ZEASCD 24 MHle =9EA T3 Mo R F8sh=
A pH Azl o EaAHEAZY Aoz Aty

o
=
ugg

pH9.8

2| 2= B2 =27
. -e-X2| H 2 =El= -9 Xz HR=El=
7 T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10

2= AlZF (Day)

(2% 49] 7}ISCD EAtell wE #HZ 22 ES; e8&A9] &+ pH

Q) 7FF&E8 EAF 5 7ISISCD #AF A3 A/F =445 XRD 98 TG/DTA &4

O 7I4EE=8Y A 2 7FYSCD EAbel ofa =AM &7 F43tH = 712Hs #H38H7] ¢
3 AN AF A/F FAANEL XRD BXE AAFHoH, SCD A A8 A/F #EZ=a
2 E Al&(type A9 XRD #4232 18 500 e

O BAF A3 A HZAYUE A5 XRD 4 234, HZAYE F=2 CalOH); (portlandite),
CaCOs (calcite)®} SiO, (quartz)= T4 H(1H 48 35 peak A3 =)

O SCD A Ay & #H&Z=38 EY portlandite peak(11.78° ) intensity7} A2 ArRct &

A8 WAl e, ot OHZE 48 ZHFAsREe] 24 Aeel o8 Hza
E ol 45 ARE AL o

O SCD #A}F Aol os] B&e ko] portlandite(Ca(OH)y) A Ho] A AFHA 2=, EAF A8
AIE HZIYEA CadE M= AY gle A= Yeyed, ol 4 HHS &
&3k ’“ﬁP A HA oA FEFe CaCOy7F F71=2 AAHAS= on(oln] F43

g T ZA FTHol| thEke] CaCOs7} d4 ¥ SEM/EDS ZAIE oA A A5YS)
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O 7IH8E89 A AW 719ISCD B4 49 & A@aele ARe] XRD dule] 2 3
ol WAHA oM, o F BAMFAel @ BANRS FA4T HAo] Mz T
Wyos BAL ¥ 2AARE Z XRD peak Aol7h UEA oie Ao wekd

Po : Portlandite
Qtz Ca : Calcite
Qtz : Quartz
= Qtz
g let Qtz
7t¥scCO ] = [ & z
2| wzeks c W gt g Q= atz
£ Po al |Po Qtz
| b A A
Qtz
Qtz
YL ESY l Qtz Qe i Qtz
1AIZE BALE C Qtz otz Qz oy
?O JL.___,La b h Jon_h A k A M
& Qtz]
Po tz
2ALXE] H
C Po| qtz Qtz Qtz tz .
[ el flee e S : at=

5 10 15 20 25 30 35 40 45 50 55 60 65 70
Two-Theta (deg)

[21% 50] SCD #AF 48 A+ HIAZES XRD &4

O Aads dF% BATGDTAS &8st 2545 02 T3F 9 I3 |
Aol o3 HAEZIYE AlF W9 portlanditee] FHEHATFS HFH oz Q1A PO
o, ¥4 Ay= 9 5le YeRISS

O 7F4SCD 4+ Ag A #AZIYUE AFAY TGDTA AF A, As el Jdae]
portlandite7} &A3kH, o] 450-550C &% FItollA HO7F Sk whet ¢F 2.02%2] FA
H3E A Aoz olE. 600-800C 2% FXhlAE COb FWdto] uig) oF
4.78%%) T Fart HASAEH, ol A AE A HEIYE AR ol &7 calcite
7F EAE A AT AS ov)gh

100 — 10
————— TG (%) ——DTA V)| | ¢

98

56.117%

96

e g [ ®3
o &« g
o 2 95848 % a0 2
94 a
-50
‘\"}"\
N -60
92 e N
92 620% -70
90 -80
0 200 400 600 800 1000
Temperature ("C) Temperature (°C)
(@ Ag A b 248 F

(1% 51] 7}ISCD #AF A3l w& HE2YE TG/DTA &4
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17 @ A E ARS B35 450-550C L& Tkl A
T A2 E w(0.27~0.43%), A A2 Fde= wl§
He ol portlandite wo] AEl Wolgltks ¢ & & glow, ol olHe] XRD
4 Azels AN

ZHRISCD ¥4 4% /% WEAelE Ase] XRD @ TGIDTA ¥4 dAxz %8, Ir 5
QFSCD Bl o% F43 AR L B3 «BIA AR pH AR FEsE B
B Wol7l BYHASE & F
247 9475 F3tol SCD AW S o] 87 ARILE
2 cysgon, Al HF] £ATAE AT 5

s
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=

7.
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. XA aﬁmmqovﬁraﬁﬁlé%rum HmAﬂﬂm w 7o P Hi_sﬂo
m_ugaaf ﬁﬁﬂoﬂ W - _z_-%o_ﬂ% T £ ‘_f_ﬂ% g 87 o o
o 2 4 oo W o= T w5 9 i & gy P
o® T 7 .9 AW sl | To| 2 X O i R
—_ ~ Ef ,m_vl vl X %o E — 8° 1%3 10 ,,Al B o = ,AI B 0 _:_I o0
X b T T W o+ T oo K i X N[ o) 3o
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[1¥ 54] Experimental setup of CO, curing

L}, Effect of carbonated recycled coarse aggregate on the dynamic compressive behavior of
recycled aggregate concrete3D

1. Regulator
2. CO; injecting pipe

3. Safety valve 4. Chamber Regulator

|5 5. Screws

Samples

CO; Cylinder

8. Vacuum pump

- [ Hs. Screws
7. Vacuum pip -
6. Exhaust valve

F F

[Z1¥ 55] Accelerated carbonation procedure

30) Zhan, B., Poon, C. S., Liu, Q., Kou, S., & Shi, C. (2014). Experimental study on CO, curing for enhancement of recycled aggregate properties.
Construction and Building Materials, v.67, pp.3-7.

3D Li, L, Poon, C. S, Xiao, J, & Xuan, D. (2017). Effect of carbonated recycled coarse aggregate on the dynamic compressive behavior of
recycled aggregate concrete. Construction and Building Materials, v.151, pp.52-62.
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Abstract

As global warming became a worldwide issue, a significant effort has been made on the development of technology
related to CO; capture and storage. Geologic seguestration of OO 1s one of those technologies [or safe disposal of
CO:z Geologic seguestration stores €Oz 1n the form of supercritical fluid into the underground site surrounded by solid
rock, and concrete is used [or prevention of CO; kealage into the atmosphere. In such case, concrete nmy experience
severe damage by attack of supercritical COy, and especially in contact with underground water, very aggressive form
of carbonation can occur. In this work, to prevent such detenoration in concrete, calcium phosphates were added to
the portland cement to produce hydroxyapatite, one of the most stable mineral in the world, Tenperature nse,
viscosity, set and stiffening, and strength development of cement paste incorporating three different types of calcium
phosphates were investigated. According to the results, it was found that the addition of calcum phosphate increased
apparent viscosity, but decreased maximum temperature nise and 28 day congressive strength, It was found that
monocalaum phosphate was {ound to be inappropriate for portland cement based matenial. Applicahbility of dicalcium
and tricalcium phosphates for portland cement needs to be evaluated with further investigation, mehiding the kbng
term compressive strength development,

Keywords  global warming, Geologic Sequestration, carbon capture, calcium phosphates, hydroxyvapatite, supercritical COs
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The pH Reduction of the Recycled Aggregate Originated from the Waste
Concrete by the scCO, Treatment
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Batch experiments were performed to develop the method for the pH reduction of recycled aggregate by using
5cC0; (supercritical COy), maintaining the pH of extraction water below 9.8. Three different aggregate types from a
domestic company were used for the scCO;-water-recycled aggregate reaction to invesfigate the low pH maintenance
of aggregate during the reaction. Thirty five gram of recycled aggregate sample was mixed with 70 mL of distlled
water in a Teflon beaker, which was fixed in a high pressurized stainless steel cell (150 mL of capacity). The inside
of the cell was pressurized to 100 bar and each cell was located in an oven at 50 °C for 50 days and the pH and
ion concentrations of water in the cell were measured at a different reaction time interval. The XRD and SEM-EDS
analyses for the aggregate before and after the reaction were performed to identify the minemlogical change durng
the reaction. The extraction experiment for the aggregate was also conducted to investigate the pH change of
extracted water by the scCO; treatment. The pH of the recycled aggregate without the scC0; treatment maintained
over 12, but its pH dramatically decreased to below 7 after | hour reaction and maintained below B for 50 day
reaction. Concentration of Ca®™™, Si*", Mg™™ and Na~ increased in water due to the scCO,-water-recycled aggregate
reaction and lots of secondary precipitates such as calcite, amorphous silicate, and hydroxide minerals were found
by XRD and SEM-EDS analyses. The pH of extracted water from the recycled aggrepates without the scCO,
treatment maintained over 12, but the pH of extracted water with the scCO, treatment kept below 9 of pH for both
of 50 day and | day treatment, suggesting that the recycled aggregate with the scCO, treatment can be reused in
real construction sites.

Key words : recycled aggregate, scCO,, waste concrete, cement, waste recycling, CO; reduction, pH neutralization
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Abstrack: Changes in the physical properties of the supercritical CO; (s¢COs) reservoir rock is one of
the most important factors in controlling the storage safety at a scCO; sequestration site. According to
recent studies, it is probable that geochemical reactions influence changes in the rock properties after
a CO, injection in the subsurface, but quantitative data that reveal the interrelationship of the factors
involved and the parameters needed to evaluate the extent of scCO;-rock-groundwater reactions
have not yet been presented. In this study, the potential for employing the surface roughness value
(SRpys) to quantify the extent of the scCO; involved reaction was evaluated by lab-scale experiments.
For a total of 150 days of a simulation of the scCOs-sandstone-groundwater reaction at 100 bar and
50 °C, the trends in changes in the physical rock properties, pH change, and cation concentration
change followed similar logarithmic patterns that were significantly correlated with the logarithmic
increase in the SRgps value. These findings suggest that changes in surface roughness can quantify
the extent of the geochemical weathering process and can be used to evaluate leakage safety due to
the progressive changes in rock properties at scCO; storage sites.

Keywords: CO; sequestration; CO; reservoir rock; leakage safety; scCOz-water-rock reaction; surface
roughness value; supercritical CO»

1. Introduction

Various COy capture and sequestration technologies have been developed to reduce CO,
emissions and the International Energy Agency (IEA) has announced that COz capture and
sequestration (CCS) technology will cover 19% of the total CO; reductions by 2050 [1-6]. Among them,
geological sequestration will be deeply considered to reduce CO, emissions at low cost [7-11]. Several
€0, sequestration projects in the world have been successfully conducted [12-15], but some CO,
injection sites were found to be impractical, even though their site characterization, such as geophysical
exploration, geo-structural investigation, and drilling core analysis, was thoroughly conducted [16,17].
For successful CO; sequestration in heterogeneous subsurface formations, the practicability of the
C0O; sequestration process based on storage capacity and leakage prevention should be guaranteed
before the field scale COs injection. The previous research over the last two decades revealed that
the injection of supercritical CO; (scCO») into a reservoir rock initiates a geochemical reaction in

Appl. 5a. 37, 7, 572; doi 103390 app7 060572 www.mdpicom /journal/ applsci
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4. Conclusions

During the last decade, one of the main issues for COs storage sites has been how the scCO-
involved geochemical reaction affects the storage capacity and the leakage safety after scCO; injection
into the subsurface. Several studies confirmed that the geochemical reaction rate was much faster than
expected. Such findings suggested the possibility that the geochemical reaction may generate further
changes in the reservoir rock properties. For a specific COs storage site, it becomes very important to
evaluate whether or not the geochemical reaction is significant enough to threaten the leakage safety of
the CO; sequestration site. Through a novel approach for determining the correlations among changes
in SRras, physical properties, pH, and dissolved cation concentration in the groundwater during the
seCOp-rock-groundwater reaction, this study successfully verified the potential of using SRpps values
as a new parameter to quantify the extent of a geochemical reaction.

For sandstone sites in the Gyeongsang basin of South Korea, the trends of several property changes
originating from the sc¢COs involved reaction displayed similar logarithmic patterns, which confirmed
that the scCO,-sandstone-groundwater reaction occurs actively in the early CO, injection stage (a few
months), but it then becomes stable and further rock property changes are halted. As a result of this
study, the CO» sequestration site in the Gyeongsang basin can be evaluated as an appropriate site from
the view point of geochemical safety if a careful observation over the geochemical reaction in the early
COy; injection stage is performed. The use of SRpys values to evaluate the extent of the geochemical
reaction will be available for any other CO; site in the world to secure leakage safety for reservoirs
or formations.
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Application of the supercritical CO; treatment for the recycling of the
waste concrete as an alternative aggregate resource

Minhee Lee"’, Seon-ok Kim?, Chul-Woo Chung®
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The amount of waste concrete has continuously increased due to the redevelopment of the old
city and the repair in old building structures. But the recyeling of waste concrete as

consiruction material was limited because of the high pH maintenance in its extraction
solution. The pH of extracted solution from the waste concrete penerally ranged 11 — 13 and
for the recycled usage its pH should maintain lower than 8.5 in Korea because of its adverse
effects on the environment. The laboratory experiments were performed to investigate the
feasibility of the supercritical COz (3¢CO2) treatment to lower the pH of the extracted
solution from the waste concrete. The aqueous CO» originated from the scC(: produces
carbonic acid in solution which is very reactive with minerals in the waste concrete and leads
to form stable carbonate or silicate minerals. In this study, the feasibility for the usage of
these chemical reactions such as secondary mineralization and precipitation occurred on the
waste concrete surface to lower the pH in extracted solution was verified in batch scale
experiments. Two waste concrete blocks sampled from different aggregate factories in Korea
were used for the experiment. Each waste concrete block was pulverized with a mortar and
pestle and 30 g of powder and 90 ml of distilled water was mixed in a 100 ml of teflon beaker.
The teflon beaker was placed in a high pressurized stainless cell and the scCO» was injected
at 100 bar into the cell at 50 °C in an oven. The pH and ion concentration of solution in the
cell were analysed at different reaction time intervals. After 5 days of the reaction, the scCO;
treated waste concrete powder and the original waste concrete powder were dried and 20g of
each concrete power was poured into a glass flask, which was filled with 100 ml of distilled
water, After the mixed solution in the flask was stirred with a magnetic stir for 10 min. at 150
rpm, the pH change of solution in each flask was measured at different extraction time for 5
days and their results were compared to evaluate the effect of the seCO; treatment on the pH
lowering, From the results, the average pH of extracted solution from the original waste
concrete powder abruptly increased from 7.5 to 11.8 and maintained around 12.0. However,
the pH of the extracted solution from the scCO- treated waste concrete maintained below 8.5,
suggesting that the scCOz treatment process has a great possibility to use the waste concrete
as an alternative aggregate resource for the construction material.

Keywords: waste concrete, waste recycling, scCOs, scCO; treatment
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Method of Reducing pH of Cement Paste using Supercritical CO;

I IR 4 8 ™"
Moon, Hoon Kim, Ji Hyun Chung, Chul Woo
ABSTRACT

As the amount of construction waste generated in Korea increases, recycling of recycled aggregate is
alzo increasing, However, since the recycled aggregate has stromg alkalinity, the pH must be reduced
and recycled, However, the conventiomal method has a disadvantage that pH is restored due to low
reactivity of carbon dioxide, Therefore, in this study, we tried to reduce the pH by inducing accelerated
neutralization reaction using supercritical carbon dioxide environment, Experimental results showed that
there was a difference in the degree of reaction depending on the particle size, and XRD analysis of
the powders showed that all potlandite reacted and disappearad,
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‘The supercritical CO. (seCOy! stornge capacity of the aguifer was estimated
bused on the residunl scCO; ratio to water in pare spaces after the scCO;
iniection into the nquifer. The amoant of dis)
spaces of the Januwi and the Pobeng
measyred in Inboratory scale. The dried sandstons or congiomerate core was
fixed in the hizh pressyrized stuinless steel cell. The distilled water was

mhu‘lﬂlrhmhthwe at llwbl-l'nffﬂs
ro pores with wntsl At the |

the mict
tions of rock core (100 bar and 50 T, !eOO,vn
injected into the rock core af 110 - 150 bar of iniection pressure. The scCOx
storage ratio was calcolated s the fraction of the =cCO; volume in the total
pore spnca of the rock core after more than 3 pore volumes of the :cCB.'I);

0z
ﬁel!lhhty of these lnyers as the optimal scCOy storage site in Kores.
Assyming that the radius of the CO, stornge site is 500 m and 50 m in the
mmmmﬂldmqummﬂriﬂmnmm the scCO;
aquifer was esiimated at about 470.000 ton,

storage capacity of the
considering ns one of the C0y infection testing sites in Korea in viewpoint of
 the scCO, stormge capacity.

-  Objective of study |

Tt imectioa well

“Sehematic cross-section of 8 reservoir-cap rock system?
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he storage site. lmvmumemmlmmmmdmcﬂ
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Materjals |,
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+ ‘The dried rock core 14.2 cm in diameter and 5. cm in lensth) was fized in
the high pressurized stuinless steel cell, nad thea the stainless steel cell
was covered with o heating jncket to mointain ot 30T

- The distilled water was injected into the rock core at 100 har of the
iniection pressure to saturste the rock core with water.

tions of rock core 1100 bar and 50 T, the
ed to thssudmu(ﬂmmrkemmthpul:lmn
s¥ringe pump ot the range of 110 - 130 bar.

* When the scC0: bewna to penetrie into the wnter-satorated rock core in

Jangzi basin, the initial injection pressure of the »cCO, into the rock core
was mensured.

= The amount of effluent water from the cell was measured to calcolate the
seC0; storzte ratio replaced with water in pore spaces of rock core affer

the 5cCO, injection-
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{ Method -\

The schematic ingram of tae tie initial imecti o
= The scl0; storage capacity was estimated using the following equation.
The scC0, storage capacity (ton) = Vsx # x e X =
= ¥s: Volume of reservoir rock (m*
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A.num.m(thtllm radius of the CO, storawe site is 500 m. and 30 m in the
average thickness of the reservoir layer onder 1000 m in 5cCO;,
starage copacity of the Janari basin was larger thag 470.000 ton.
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= The initinl infection pressures of the seCOy for reservoir rocks in Jaguui
basin were shown below. )
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= It was evalunted thet the mvernge =c{0, st
msrnemd-nﬂ!mwuslxﬁﬁlﬂdlﬁm and the T
enpusth storage capacity for the pilot scale CO); storase test in Korea
(470,000 ton of capacity).

* considering the initinl scCO; injection pressure of coazlomerate (P of

110-120 bar). it is sugmested that the initial 5cC0= injection pressure

_?&utibe 130 bar or more when the pore water pressure of the core was
ar.

The lapiai sandsione requires the higher infection pressure | SP=150 bar)

than the Januei conulomerate, susresting that the Dmernte is more

suitable as the =cCO; reservoir rock in Korea.
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Recycling of Waste Concrete as An Aggregate Resource by Using the Supercritical Carbondioxide Treatment
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The high pH maintenance of extracted water from waste concrete should be overcome for the recycling of concrete waste. The
average pH of exfracted water ranged from 11-12 and 1t has to be lower than 8.5 in Korea for the additional recycled usage.
Laboratory batch and column experiments were performed to investigate an effect of the pH lowering by using the supercritical CO2
(scCO2) reaction on the concrete waste. Before the experiment, the surface of the concrete waste originating from the seCO2
treatment was visualized by SEM/EDS analyses. The secondary mineralization and precipitation occurred on the waste concrete
surface lowering the pH imn water were investigated by batch scale experiments. Two waste concrete blocks were pulverized and were
mixed with distilled water placed in a high pressurized stainless cell. The scCO2 was injected at 100 bar into the cell i an oven at
different reaction time intervals. The seCO2 treated waste concrete powder and the non-treated waste concrete powder were dried and
20g of each power was poured mto a glass flask. which was filled with 100 ml of distilled water. The pH change of water was
measured at different extraction time for 5 days and their results were compared to evaluate the effect of the scCO2 treatment on the
pH lowering. The continuous column experiment was also performed to consider the kinetic effect of the pH lowing. The scCO2
treated concrete aggregates (or non-treated concrete aggregates) were packed 1n a large column (15 cm 1n diameter; 80 cm in length)
and the distilled water flew down from the fop of the column at constant flow velocity. The pH of the drained water from the column
was measured at different time intervals. From the results, it was considered that the dissolved CO2 from the scCO2 treatment lowers
the pH of water forming secondary minerals such as carbonate, hydroxide or silicate minerals. The dissolution of cations such as Ca,
K and Na from the concrete waste also resulted in the pH buffering of water by the repetition of precipitation and dissolution. The
average pH of extracted water from the original waste concrete powder abruptly increased up to 12.0. However, the pH of the
extracted water from the scCO?2 treated waste concrete maintained below 8.5, suggesting that the scCO?2 treatment process 1s available

to lower the pH for the recyching of waste concrete for the construction material.
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The continuous column experiment was performed to investigate an effect of the pH lowering by using the supercritical CO; (scCO,) reaction on the concrete. The scCOy treated concrete
aggregates (or non-reated concrete agoregates) were packed In & large column (16 cm In diameter, 1m In length) and the distiled water flew down from the top of the column at constant flow
velacity. The pH of the drained water from the column was measured at different time inlervals. From the results, it was considered that the dissolved CO. from the scCO, tr'ea‘_umenl lowers the pH
of water forming secondary minerals such as carbonate, hydroxids or silicate minerals The dissolution of cations such as Cal', K and Na" from the concrete waste also resulted in the pH buffering
up to 12.0. However, the pH of the

4

of water by the repefition of precipitation and dissolution. The average pH of drained water from the original waste

aggregates sbruptly i

drained water from the scCO, treated wasle concrete aggregates maintained below 8.5, suggesting that the scCO; treatment process is available to lower the pH for the recycling of waste concrste

for the construction material.

The high pH malntenance of extracted water from waste concrele should be overcome for the
recycling of concrete waste. The average pH of extracted water ranged from 11-12 and it has to be
lower than 8.5 in Korea for the additional recycled usage.

* The verification of the pH lowering effect by
using the supercritical CO; (the scCO;) reaction

on the concrete waste and the evaluation of its .

+ The i
using the scCO; reaction on the concrete waste aggregates.

column exp were perfi d to i igate an effect of the pH lowering by

recycling as a new aggregate resource ”

=Fig. 1> The crods ssctisn ol
soncrate waste ncludng aggregates

From the column expeniments, the average pH of the drained water from the original waste concrete
aggregates abruptly Increased up to 12.0 and maintained above 11.0. However, the pH of the
drained water from the scCO; freated waste ggreg

lowing than the groundwater tolerance Emit (9.5 of pH) in Korea (Fig. 4).

below 8.0 which was

1. T types of concreate waste aggregates {coarse and fine) were reacted by the 5cCO; — distiled water in the
high-pressurized stainless steel Lank (75 L of capacity) at 50 © and 100 bar,

The Ca®" concentration in drained water of fine aggregates without scCO, treatment was very higher
than that with the scCO; treatment, suggesting that the Ca®* dissolution continuousty oecurs from the
caicium hydroxide minerals such as portiandite in the orginal fine concrete aggregates and
increases the pH of the drained water (Fig. 5),

- ey ———

B ot g s i et
. ~8-Fine agoregies without ths treatment
. “ ~&Fine aggregates with the irsatmast
5 "‘—'—-'—-0—0—!-.\._,_,.__.__.._. E i
i) Caarse agoregates () Fine aggregates [ Insick of e fank with agpregates  (d) The hiph pressisized tank il W v -
(5L of capacty) Houm s
<Flg. T Pholograghs of concrets waisle and the high tnk used in the o -—n
<The scCO; treatment process> i b w
2, The 17 L of the 5200y, 48 L of distled water, and the coarse aggregate of 24 kg {27 kg of fine aggregate} e % e " e oA m e == e m m e omomomom omom o o=

Flughed yodems (L} Fhested velume (L)

were poured in the tank and the reaction continued for 24 hours at 50 % and 100 bar,

[

. The seCO, d wers d from distilled waler and were dried in an oven at50 2,

. Each acryl column (16 cm in di. And | m in length) was packed with the scCO: treated coarse aggregates
(or fine aggregates) at 60 cm in height of the column inside. Alse, two other acryl columns were packed with
nan-seC0, d and fine aggreg Total 4 celumns were prepared for the experments (Flg. 3)
The top of sach column was designed by the sprinkler to fiow down the destiled water at 15 mLimin and the
feshed water was drained cul frem the bettom of the column. The water sampling ports were altached on the
column wall and bottom. Total of 220 L watber (& years average rainfall in Korea) were flushed out from the

-

o

calumn,

All drained water wars gathered In the storage tank and the water sample was taken at different time intervals
and the pH of the drained water and sewveral cation ) on ICP/OES and
the pH meter.

@

in waler wene

-

. The gH kwering  of the dramed waler for the scCO; treated aggregales was compared to those of non-
treated aggregates

«Fig. 4. The pH of drained water from the column= =Fig. 5 The Ca** cancentration in drained water fram the fine

aggregates In the columnx
+ Fig. 6 shows the secondary minerals created on the surface of the scCO; reated aggrepates and most of

them were carbonated minerals such as caklte and aragenite.

+ These minerals restrain the dissclubon of bask cations from the aggregates and thus thelr dissclutions
prevent the pH lowering i water.

< Fig. 8. The SEWEDA results for the secondary mineral (G20} created on the surface of the aggregate after the S6CD; reatments
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+ The pH lowering of the waste concrete aggregate by using the scCO, was verified by the

calumn

and the

prevent the pH increase orignated from the of the caicium hydrowd

and show the

y ménerats such as CaCO, created on the aggregate surface by the scCO; reatment

Results suggest that caly 24 hour scCO-waler-concrele reaction is enough o confrol the pH increase of the flushed water from the concrete
far the recycing of the scCO; treated concrate waste as an aggregale resource.

€)PUKYONG NATIONAL UNIVERSITY  Eniroumerta Soit & Groumseter Remecision LAB.

- 108 -






of 2(ZBEIM YES LESI=

g75{of g cf.

I7tst7ls 712 #Xlo 2R




	S28BW-418092811450
	(붙임1)최종보고서(보완본)_부경대학교 정철우(기초원천)

