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Abstract: In this study, reactive magnesia (MgO) is used as a binder to carbonate and stabilise silty clay. The changes of unconfined
compressive strength, soil pH, carbonation products, and microstructure of the silty clay carbonated and stabilized by reactive MgO
are studied at different carbonation time and initial water contents through the experiments of unconfined compression, pH, X-ray
diffraction, mercury intrusion porosimetry and scanning electron microscope, respectively. The micromodel of carbonation reaction
of silty clay is proposed according to the intrinsic relationships between the strength of carbonated soil and contents of carbonation
products as well as the cumulative pore volume. The results show that with the increase of the carbonation time or the decrease of the
initial water content of carbonated samples, the carbonation products increase, and the strength of reactive MgO stabilized soil
gradually increases with the decrease of cumulative pore volume. Moreover, the pH values of reactive MgO-stabilized soil decreased
with the increase of the carbonation time, whereas the initial water contents show no obvious changes. Finally, the micromodel of
carbonation reaction of silty clay is established, and the highest strength of reactive MgO-stabilized silty clay is determined after
about 6 hours of carbonation.

Keywords: reactive magnesia; silty clay; carbonation; soil stabilisation; microstructural mechanism

1 8 = IKYEF 2 HFE 500 MJ RE i), b= AE KE I 4

W (CO2) Sk (7= 1t /KIEHER 0.95t ) COo,
KV A TR T o e H AT R AR, A2 R CAHEBE B 5%~8%) Ky AR A AR DL K

HFEHRAMOEFEREREIRM TR (A= 1t |, &Y. SRS E 550K, WIHREIE R

ek H 1 2016-06-06

HE&WH: EXRERRERES (No.41330641, No0.451279032): FEZKHE mifF K it XITH (No.42016YFC0800201); VL# 4 30E LA AW RAHITH
(N0.2018T01); “+=F” EEFHETHIFRITIE (No. 2012BAJ01B02-01); L#744 M3 s ke i 40 AE RHFFAIE THRI % BT H  (No.KYLX_0147).

This work was supported by the National Natural Science Foundation of China(41330641, 51279032); the National Key Research and Development Program of

China (2016YFC0800201); the Science and Technology Project of Jiangsu Traffic Engineering Construction Bureau (2018T01); the Key Projects in the
National Science & Technology Pillar Program during the Twelfth Five-year Plan Period(2012BAJ01B02-01) and the Fundamental Research Funds for the

Jiangsu Provincial Innovation Foundation for Postgraduate of Regular Institutions of Higher Learning(K'YLX_0147).

FEER XAE, J5, 1963 44, [, #IR, WM, TEAFRIR LI I A LT TR AR, liusy@seu.edu.cn



1544 = +

TeEGYA, Rk, N AEE TG AR
IAPR IR 3 28Y L 38 ] A 77 B ] 44 5 V2SR B A% G i
R 227K . HarrisonB IR G- 37 (1) # FE A, A
TIEHEABIKYE, ER IS EE BRI R 22K
VR e NI | = 1IN (1) RS, & iV @ ¥ i | = A
FABOKYE B A B3 PR 3, E RN,
OB IR @REMRIL CO2 H- 25 H2 s 5
O APERELF; @XSFRFABUK, LA —E =
()R FED AN T = it s (B2 S B A2 i — [ . 771
i, ATCAEERFIA

il N N 3 St ST D R e N
KVERIRL AT T REF, B %M. Kb
RIS BRACVERE . T AT RERNRIOW 25 44571, A FL 3R
B, TR B RN R 2 K TR T KAk, A LS T
AR 9 [ AT T AN A I RS 22 7K VR IR R B 25 i
Hl AL eI 3] 2~3 A5 BARE =2 /K VR IR 5, (7] B
AR B COL-91, 3 PR S AL BE [ ALKy T REAE
3~6h WIE Rk, B G 5z T KR [ AL+
SRS, FEH CO2 MRS & RIS BIELIR(E Y 70%I010,
PR BE R A S AR ) = 7K i B AN i = PR
R [ A i PR R 1) = SR TR O

IR K S TS P A B S 1) T A ] 45
WIFRAT T — RIIH I T REARIODG} S AL B b Ak [
RIS R LT TR R MR 7, KIA
& kA A o E DS ) @ A T e wl = S O 3TN
SR AT N e ot ] KR S e
CailslRI X1 124 T ONEER 5T 1 R A0 B 45 B R0 14 X Ak
TSR R, R IVEA B BRSO,
Wb I E SO R ET . SE BB R 27.5%,
b LR B AR N . AR, s EEERE T T 4
B A [ Ak - PR RGPV B AP IR 2812 1k
PERE, RILS/KEEMA M, S8kt BE
WU TR B OEPR R RTINS B R 2R 12 e 1. B0k
HZEAR T T HIUG - K Z 200 T A AL BE Ak 5
FE R R 2R AR 4L

HAT, N A3 5o S A BE I A 7] (A SR 72
Z G5 TR AL BE I b = (A B A 25 o R0 53 AR
JITHT,  TER G AR A N R 5 2 R OW L
W . R, A SCEFREAS R UG & K SR AL
I 8] R A BB A [ AL R AT TE M PR BT R 5 B . TR
B (pH). X BHRATE (XRD). JE7RK (MIP) Al
WIS (SEM) 58, &t 2 &V ik
IR R S S R ) B ANFLRR 23 A [ (1)
KA, WA BRI ELH, MIfHE AL
BERR AL B A 57 286 - B ARO00 i i A5

J oz 2018 4F
2 ISR S
21 REAE

TRI6 FH A RS B KT8 R R S5 3 R 2
R A+, HETEMIAAER LR 1;
FKE, FXE R BBERER SR (AL T
I RUAE JTG E40—2007) LGRS, pH MK S 1
ASTM D4972—13 #yEl4, K-k 1:1. W5GHT
RE A BT & B TA R AR A1)
BIRAAES, R R R A0S E AL B S 1
E9 61s, I X HEFOCI GG LA
B IS R B & B R 2 Bk

K1 AR TR ELERER

Table 1 Physical and chemical indexes of soil samples
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Table 2 Chemical compositions of materials (unit: %)
+#  Si0, ALO; Fe,03 CaO KO MgO P05 Hif
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Fig.1 Schematic of carbonation system
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Table 3  Test schemes
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8
—o— ik 15h
d —o— it 3.0h
6 F —2— 1At 6.0 h

—o— ki 12.0 h

TAMPRPLEFRSE g,/ MPa

0 . . : .
0.5 0.6 0.7 0.8 0.9
WU AR IR VV%
(a) MRt
4
) —o— ik 1.5h
—o— 1L 3.0h

—— 1L 6.0h
—o— Tkt 12.0 h

TR GTESRIE qu / MPa

0 . . . ;
0.5 0.6 0.7 0.8 0.9
WU A IR VV:—

(b) Haet

B2 1A S KR ARG RS B X AL SRR Ak 1 5R R T
Fig.2 Influence of initial water content and carbonation
time on the strength of magnesia carbonated soil
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Fig.3 Variations of carbonated soil pH values with wo/wi
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Fig.4 Chemical composition changes of carbonated soils
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Fig.5 Effect of initial water content on pore distribution
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Fig.9 SEM images of carbonated soil under the influence
of different initial water contents (X 1,000)
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Fig.10 SEM images of carbonated soil under the influence
of carbonation time (X1,000)
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Table 3 Relative intensity of the strongest peak of
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5 R R PR AE X R T
KAL) AN - o
TN A W R+
AL R AU LR LR R
OSWL 07WL 09WL OSWL 07WL OQWL
KEEA 3.7 46 4.9 41 45 7.4

=IKETEH 1.8 2.4 15 17 1.4 1.1
ERIKEEA 6.0 1.6 1.9 3.7 3.2 3.1
KR 13 15 1.3 22 0.8 1.4

R4 BRACKTRIFZM T BRAGT HBRAL =Py BRI PR AR X SR B
Table 4 Relative intensity of the strongest peak t
of carbonation products in carbonated soil
under the influence of carbonation time
S5 SRUEE TR AH KT B8
) bl R E L
0.0h 30h 6.0h 120h 0.0h 3.0h 6.0h 120h
IKEEH 121 66 37 15 80 42 41 23
=KEBEA /16 18 37 /17 17 19
EREREEA / 16 60 44 / 09 37 30
IKBREEA /14 13 16 / 09 22 11

M 3 aTLEH: OB /KE R 0.5 £5
TR, KB A o BRI AR = BE A, T /2 I H
MEERIRIR b, —KEEEE A (BOEREREE A +/K B
B BRI AR . Unluer SEUESE T
A B YBIRRE o 1) =K EE B A TEBOK S 2 kK
A KR A FIERIR A, XS5 A SO T 45

RA—E. @EMAIIaE KB =PI 1)
KA, T HE R AR R . AR AT LA H,
B A aG S KA, EREKBe A SR, E
JRIRRAL PN o

LR 4 R, A A BERRAL R B0k i
BEBR AL TRIBE I, 3 AR AL 7 A0 ) d5 55 DA AT X 5 JEE
B8N AR 2R R T, BEBRALI (8]
BEIR, 3 IR 4 1 i 5k Vg AL T 5 58 ST i ek
Ny HIEMIR BT 55 L AL 3 — 2.

AR SOH ] A - 1) T8 M BR B0 55 P2 5 AL = )
B SRV AR S P REAT G, SR WA 11 Fosse A
BIrRar DA Y, SBR[ A0 T R4 1 5
53 XRD W4 BRI BRIRAL ) (=IK=28k
Ay BRERECA KRB AT D IG5 2 7K
P R LM KRR, 5 GGBS+MQO [l {1k HAH 1A
(211, R WA 0 2 I S A BB AL P (148 22 T 4
1o B T M BRI 55 5 5 B A 7 420 o S e 1y J5E
LU Z 5T GGBS+MgO [ 4kt 58 % 57k fh 7=
Yy f o = FE AT EUARL, BB BRAL 00 AR
2 AT 2 T GGBS+MgO [A 4k -+
IKACF IS AR A5 VR A TR AR o

7000 o
© o N-Zr/KZ52m
g 6000 o H-2 K=
= 5000 A N-FRAL IS [A] B2
ol & H-BRALI
L%( 4000 | * X1 2 FAE-GGBS+MgO
2
< 3000
2 2000 .
Bt S e "
0

0 4 8 2 16 20 24
BRA ™ 0 Ao R VAR PO A X B8R 3

B 11 R E3R S AR YRR AR R R R
Fig.11 Relationships between the strength of carbonated
soil and the relative intensity of the strongest peak of
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Fig.13 Carbonation reaction model of silty clay
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