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Performance and mechanism of CO; carbonated slag-CaO- MgO-solidified soils
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Abstract: The proposed technology of CO, carbonation combined with industrial solid wastes is a novel attempt to replace the
traditional Portland cement for soil stabilization. A series of CO, carbonation tests are performed on the soils solidified with
slag-CaO-MgO blend, which contains the main material, industrial waste slag, and the supplementary materials, reactive CaO
and MgO. The effect of binder dosage, MgO/CaO mass ratio, carbonation time and initial moisture content on
carbonated-solidified soils are investigated by the unconfined compressive strength (UCS), scanning electron microscopy (SEM)
and X-ray diffraction (XRD) tests. The results show that the CO, carbonation treatment has an obvious improving effect on the
mechanical properties of soils, and the compressive strength of solidified samples can be maximally increased by 25.77 times
after carbonation of 24 h. The strength of carbonated soils is proved to be positively correlated with the binder content (except
6S4L0M) and proportion of reactive MgO. The prolongation of carbonation time induces an initial increase in strength until the
peak, followed by an almost constant or slight decrease, and the optimal carbonation time corresponding to the peak strength is
around 6 h. The compressive strength of carbonated samples increases first to the maximum and then decreases as the initial
moisture content rises, and the optimal water content at peak strength is about 16%. The carbonation efficiency of reactive MgO
is significantly better than that of reactive CaO, while the low reactivity CaO contained in slag cannot largely enhance the
mechanical strength of solidified soils by accelerated carbonation. CO, carbonation promotes the formation of carbonate
crystals (CaCO; and MgCOs), and the growth of these crystals is closely related to the carbonation time, binder dosage and
reactivity of components. The carbonate crystals can effectively fill the interparticle pores within samples and bind firmly soil

particles together, forming an overall skeleton structure ———————
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and improving greatly the strength behavior.
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Table 1 Physical characteristics of test soils
BORE%  HXEE W% BIR/% B
0.17 2.75 29.63 20.15 9.48
® 2 ECHRHEFERS

Table 2 Chemical components of binding materials

o5 /%
P , ==
Ca0  SiO, ALO; Fe,0; MgO  Hith

¥ 42.00 33.00 1200 1.00 6.00 6.00
Ca0 92.00 0.34 — — 1.50  6.16
MgO 0.25 — — — 9701 274
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Fig. 1 Diagram of carbonation apparatus
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Table 3 Parameters for tests

FAE  BH-CaO-MgO  BRALEFE]  AKE

/% i L /h 1%
10:0:0 0 14

10 6:0:4 Ois 15

15 6:1:3 3 16
20 6:2:2 p 17
25 6:3:1 12 18
6:4:0 24 19

&4 ERECEE
Table 4 Mix proportions (by mass) of binders (%)

Al RS CaO MgO
10SOLOM 100 0 0
6S4LOM 60 40 0
6S3LIM 60 30 10
6S2L2M 60 20 20
6S1L3M 60 10 30

6S0L4AM 60 0 40
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Table 5 Compressive strengths of 5% and 10% cement-stabilized

soils at different curing ages (MPa)

43 5h 7d 14d 28d 60 d

5%7K e 0.23 0.79 1.68 3.29 3.36

10%7K 6 0.21 2.17 4.45 12.82 12.25
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Fig. 2 CO, absorption amounts and compressive strengths of carbonated samples with various mass ratios
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Fig. 3 CO, absorption amounts and compressive strengths of carbonated samples with various binder amounts
IE 4k 745 50 20%, L RES KA 17%, FE 300 kPa.,
CO, "k 150 kPa.

(4) ANFEEEELL (RIS MgO/CaO &L i,
[i5] 4 7511 45 2 338 DR 0T B A4 R 0 1 5 B2 11 i R R A
7)o BRE TG PR 5 B th 2 Rt e CRP B A7 ] 4 7145
OO SR E DTHRFEE ) i [ 445 H B4 bE 3 o 3G
B fR R 1.22 THE 54.1.

I A B, [R5 N2 5] AR
KR 52 AL 5 I LAy e Eh i . B 4 ubnite
597 5 h 5 25P10SOLOM. 25P6S0L4M Fll 25P6S4LOM
R RS XS ], 3 2R AR ARG 253 0N 0.4%, 1.0%
A1 31.7%. XU, &M CaO KA FEXT AR B/
R NZRE, BEAETE MgO KRR /NMEZ (L
MHLEIL 2.6 /N, Hk, &M CaO I N flHFE
FEAE BRI, TR IR R N A A A R
g e, mAKMAMEPURME . B4 EYE CaO
FElE GZEAFISBE &K Mg0/Ca0 L),
5 R i B I 554 F BUR 2, R B IXFE D
SR ) AL R BNk o X T 6S4LOM RFE, AR AL AL
R 5 o o1 7] B B PR I 20 BT R R BRI A . X
FEPET: HEAFBEILKR 520%) B, CaO H&
FR SR I I3 O L AR R FE (0 B2 K 55 404 K T i f 3
SEAEF, B 45 B AR B B AR 5 B AN S
BT A
2.3 BRUCETEIT R R M

59 6S1L3M. 6S4LOM F1 10SOLOM 3 4Lik#t:
PUE TR E S COL MR AT & Bl A I ] 32 A it 2k . Ho

£ 25P10S0LOM- 25P6S0L4M 25P6S4LOM R . 21 &
4 F£3P 5 hid#E 25P10SOLOM. 25P6SOLAM F1 25P6S4LOM
FFEE
Fig. 4 Comparison of 5 sample sizes of 25P10SO0LOM,
25P6S0LAM and 25P6S4L0M after 5-hour curring
(1) CO, MR AT B i T Ao P 7] B A iod A2
bEAE B AL R I, KFE CO, it SR 25k F
FEE T PRI EMILG . S () v, Bl
AE 20P6S1L3M (1] CO, W WS Bl B Ak B [ 4 K< g 3
I, B EAERAY 24 h A TERRE P B RF AR R AR BRSO
SO A%, WAL E 3~6 h i 2, ik FE 20P6S4LOM
XF L CO, s iad 7, BAuif (Al 6 h J5, CO,
W B AR I T R, ORI AT e B TR
KB COy A, HARIKE R TR B
CO, W Bl 5 (o) Al E H, Bk A 20P10SOLOM
R EAA R, B TR A A CO,
Mg J1 A BR,  HIA I S5 T TCER I &K i 2k
BEAREERERAE, IR E SR CO Rk E S
BRAL IS TRT R 5K 3R




T

v

R 2019 4F

i

2202 I
12.0[12:25 109K W L3460 d 140
v
100} 1120
8.0t 1100
£ —— TN «
2 60/ —=— COferit 18.0 @
Q
Z aob 109K WL - Fep 14 d 160 &
5%k e [k 1385160 d lao S
20 5K LS54 d lro
ol X
. - . 0
0 5 0 15 20 25
WAL 8] /h
(a) 20P6S1L3M
161 8.0
12} 16.0
20
]
i
g v MR luo =
g 08 —=— COMRCl =
= S
Q
04 20
! ! Il 1 10
0 5 10 15 20 25
WAL 8] /h
(b) 20P6S4LOM
0301 m v 02
40
g ]
E 025 J-02 §
g a
4-04 ©
—v— TG PR B FE SR B
—=— CORMcR 106
-
0.20

0 15 20

Akt ) /h
() 20P10S0LOM

5 IMHHERE K CO, IR EREREILATEI T (LT 2

Fig. 5 Change in compressive strength and CO, absorption amount

0 5

of samples with carbonation time

(2) HUHs R BERR A I [A] 22 {2

ANTE] A 745 B R BE TR R A TR AT e 5 2 AR 4K
M2, BB )5 TR 2218 T i, R
ToF TE) 7 s 5 T WA M I S0 P S R P2 A P 22 3.
PriEl 5 Ca) AT 0~6 h WAL RE SR ok BT+ IF:
E 6 h AP SR L IA B KA 11.45 MPa, 6 h 5382
FFUA R B B A B4 24 h R 10.16 MPa; H1IE 5 (b)
13 0~6 hBRALI A AR FEGREEHF4E ETHHAE 6 h
Wb TR LA B 1.43 MPa, 6 h J59mBEHF4G % H ik
1% 24 h SRFELL AR T I% 34.1%: MRAEE S (o) RI:
0~12 h WAL AL SR BT BT BAE 12 h Ab iRk
FFRAA 0.3 MPa, AL 24 h FREER TN B 0.8%.

R, R 3 Ak sl B i AL I TR A AL
FRARRL, (H BT AE AL 2] 56 B2 U R 7K - AN Ji5 5 52 A i
FAZEROR, S e A i RACRAR R B _EAROHE ] 41

FBE LA ST, R LR, TR AL
NIRRT 3 AN B BRI, Bl A BRI S
.

a) BRALRTH: 0~3h, BRAGIAFEDTE 50 S s 2
Fho BEBT, FLERVAWR S TR R GRS T
MgO. CaO S5HEREMEL, 5 CO, Bl Emik
DR FERLR . BRI S, AR IR 2 A e mT
PRUIRRE 2 ORI AR R[] LR, (R B R g 4 2
S PR R T

b) WAkl 3~6h, B REREKEERT
B, MERKMREARLE . BB A N EAT, FLERVER A+
PR B TR LT R B, A R BR AL P S R R
M AILE, BHAS CO, 58 it — Dl S
BNEER TR, FEmA R SOE 3 SR SRR
N, IR G R R Ak A (L R R %

¢) WRALIEH]: 6~24 h, BRAGINEETRE T T 22
A FT TR ARSI 5 B, 5l R
FEGRE BRI TTRE SR A0 R . QO%E I R] P A U 2 1
=g K S EUAFE R RIE ;. @K @S2
PLBh L B IR BB A5 40 e et s I [i)d < Bk
5 7 50 53 7K G A B A AL = I K, BRAS IR AL
L AT
2.4 THEKEFHRACEZMN

| 6y 20P6SOL4M A1 25P6S4LOM B 4k 1A
PUE BRI K CO, WU BE T FEI IR 5 /K 2 1) 284k i
2k, b, WRALEE 0.5 h, FJE 300 kPa. CO, )k

150 kPa.

1101 —=— 20POLAM

100 | —o—25paam | 100
4 8.0
P ¢
9.0 T6o
80} |
________________ 40 mﬁ
8 o —=—20P0LAM 120 =
—0—25P41AM | =
5 60 F 0 g
= 50 {-20
40+ 1-40
1-60
30 ;/0/_0\_/‘;
? 80
20 . . . °
14 15 16 17 18 19
BAKEI%

6 BRUIKAIRAE K CO, IR ERE LA &7k REWTIE
Fig. 6 Change in strength and CO, absorption amount of
carbonated samples with water content

SERE], BRAGIARE CO, MRSCEEBE - FEIAG 57K
FAFMNFEANESE, PO IR 7 7K S8 K a3 = I
AN, BAESKEN 16% 4 . fERAGTE & KA
HMRZFAET, LREYIIEKE (FERAEESKEMNEA
D XS BRAGIREE COL MR 0 2 5, (H ke
S KR S AR AR FETUR SR . i



128

EHEE, 2% CO, LY -Ca0-MgO [ + 2 fe SHLHH R 2203

A KEIHAGET L CO, W & B35 0As, (H Ik
WAk =4 o] B8 G o it R AR EE R AR TR R . &
IKRBAC S PAATES . BE RS F7E L ARFLIRIA] B B
WAL = 2E > BASREAR U R 4 L3k, M
SR AR AR s B 3 7K 3R 2 o 0 hr ) FL B
L, FHZE CO, MR A RSB 5= A i, i
FEAAAEPUER R
2.5 X SHELTHHAR

AR MERFERAT X BHERATHNRG, SRR AL AT
JE IRFE N B S B = J FL AR A . B 8 2H [
B EN 20% KRR IKXFEHIT XRD W
20P10SOLOM-0 h. 20P10SOLOM-24 h. 20P6S0L4M-0
h. 20P6S0L4M-0.5 h. 20P6S4LOM-0 h. 20P6S4L0M-24
h. 20P6S1L3M-0 h. 20P6S1L3M-24h, H1 0, 0.5h
A1 24 h oy AR ARG BRAL 0.5 h FBRAL 24 h, H
JE 300 kPa. CO, <)% 150 kPa. X HF£RATHHMRSS 5,
WL 7. 43 HTal A

COBRACHT J5 B P 53 AR AR KA s SR,
SN, AN R SRR R £ o KAk SN A2 1 [
AT S M A 5 A K o) OB AR A
F S Ca(OH), Fl Mg(OH),o filkfb s B2 Fa i A A4
CO, FTE b 7] v M S A J SR S 7 A R TR
ih, EEAWIRE:S (magnesite). BRIERES (calcite,
aragonite) FIIKEREGEE (CaMg CO3). XT LLHKALHT
JEIRFE XRD B FTAN, BT 50 B KR
(1) 2 B JiR R A AE T I e R Sk i R 2B A, AT TR
S0k 4 U S 78 SR IR FLIR, 2 R 45 A4 B o sz
P RE A1 ST 8 v LR BREE

f M M
e A MO RETM 0 on v mOM M0 m
L S LANAC ¢ ¢ o | 20Pestiam-On
) )  20P6S1L3M-24 h

[
wPQ M C p
M) oo op gp p youA @
Bl LA GUAC ¢, ko fooresoom-on
20P6S0LOM-24 h
o M
M [ J

¥y
vl

M. M
YMTOMI9 g of qu e Qp

Q
Ql ™
WLJJFJ : P Qp

X7 : ;
S O S BN L L)
) ) ) ) . 20P1QSOLOM-24 h
10 20 30 40 50 60 70 80
e )
Q-Quartz; M-Mullite; P-Portlandite; B-Brucite; A-Aragonite;
C-Calcite ( Magnesium calcite ) ; G-Magnesite

7 X SHEEATHTMIASE R
Fig. 7 X-ray diffraction test results
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Fig. 8 Scanning electron microscopy images
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