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Early strength of cemented soils polluted by magnesium chloride

HAN Peng-ju, ZHANG Wen-bo, LIU Xin, BAI Xiao-hong
(College of Architecture and Civil Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: In order to study the influence of the magnesium chloride in the polluted soils on the early strength of cemented soils
after 28 days, unconfined compression tests, X-ray Diffraction (XRD) phase tests and scanning electron microscope (SEM)
tests are employed to study the mechanism of cement-reinforced soils contaminated by different content magnesium chlorides.
The strength test results show that the compressive strength of the cemented soils decreases with the increase of the content of
magnesium chlorides. The value reaches its peak when the content is 1.5 g/kg, while it is the lower when the content is greater
than 1.5 g/kg. Chemical products are analyzed by means of the XRD tests, and the test results show that chemical products
become more, such as M-S-H, M-A-H, CaCl,-6H,0, Mg,(OH);Cl-4H,0, C;A-CaCl,'12H,0, after the participation of the
magnesium chlorides in chemical reactions. Those chemical products play the role of decomposition and crystallization
composite action in the chemical reaction process. At the same time, these products change the pore size distribution of
cemented soils. From the SEM photos of cemented soil form, the chemical products in the sample with lower magnesium
chloride content link the soil particles together, and decrease the porosity. With the increasing content of magnesium chlorides,
the gel around soil particles is broken down, and the porosity increases, which make the strength of cement soils decrease.
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(i A5 013 s K e In 13T 5 48 3 i b X v A
T AR, I T R KR Mg
Cl'\ SOI B 14 AR K - HRE iS4 mi, FEAE Bl
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PR U 53 IR KA SEM & XRD BiAR, WF5T T mrdr b
SERFAE NS 7K U L5 B R A ) Y AR SRR, & SRR
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TSN o R R LR . 3 25Uk 2 i 4y
L5 S AL SEAOM A B T 4y SR B R AR AR L
(R ECIRAE . INFIRESEAT 7 XRD A1 SEM iR, *fH4y
BT 7 B0 [ 255 2 S 16 O AL B B LT s
R, A KR R N pp e - 5 AR A
SN AEZABNIRT AE ] J ) L AR AE O 45 R AE L)
ZESBE, BN AR W R R
ML ERFFE AT DL H SR RS . SEM AT XRD JHAH;
AWK YE LA HLEL 2T B, A I A0 e
PN 2 A1 58 BRI ¥ 2 R 7K 1 14D ] A L 3
BRI, AR g P R R E R
FEAMR AP A B 2 Tl ffE
FFPEE AR AT M ) BE K e 55 = AR 11 =
NS AR G Yt PRI AE TS g R 1
JEE P PPN R B B R A T s [
SR, SRR EEN SR .
DAL ST 6 R G o) 7 Y - 5 () s i LA R )
BRSNS M . A SCE KIS0 E AN [ A
BT G - e BRAT H 5 2R 5 XRD AF1 SEM
I, BT T /KIEIN EAS R & S B Yt 28 d
(BT R SRR AL AR, RIS 25 S 4 22 N R 7K Ak
FEPIIA . TSR FLAR AT, BRI T A
KU 11 R B B S M AL

1 REWAR
1.1 KRLEIRRE &

ARV A A R R T, KT BT
Ik 2.36 mm (K97, HHEE BRI S A 0 BT 40 B R 2
1, 25 KU F BRI Sk /K 28w A= 1) 530 A T

KIE 425" 2% CHLTREIEINIE) (GB 50021—
2001) 75 5% 10 TR EE T R Dok VA AR, R SR
PRCER 5 FhAS IR S sl (b — R b s =
0, FEABERI 50 g FRT 1 100 g HI LRI B BE
Ja AN S yg e 1, Vo g - HE 24 h Sk R
5438084, syt 150 g MUK 20 g R EL 4>
S FRERUAF I (795 4% - FK PR TN 30 kg /NS B FEHL
W il Fe BRI B2 7.07 em X 7.07 cm X 7.07 cm
PIbRHER R, RS & BIRE) 40 s, $RoPFRIMH .
e, g UK B WL 35 24 h S
Pel, TRCEAETRBERE N 20.9°C, HIXHEEHR 90.7%
IR HESRYHI IR 28 d JEREAT IR

1 TR

Table 1 Physical indexes of soil specimens

B R W MRS AR IhRRK
ds W]_/ % Wp/ % I P éﬁ( Cu CC
2.70 27.8 19.0 8.8 11.8 3.258

®2 THNRAS

Table 2 Main chemical compositions of soil specimens (gkgh)

ca®t Mg cr SO;” HCO; HEihsi
0.154 0.101 0.11 0.216 0.138 1.72
FT3 KELWMEHFE
Table 3 General formula of cemented soils
N LA e = E A SRR L ST
TOMIKREE (LY gEsEAgke) BEArEA(gkg ) A%
w 0 0 0 13.3
MCI 5.1 1.7 1.5 13.3
MC2 15.3 5.1 4.5 13.3
MC3 20.4 6.8 6.0 13.3
MC4 30.6 10.2 9.0 13.3

1.2 FMRIEREIXE

7291 28 d Ji, XHAFLLK YR AR T R 3 i
B, B3 AMRBRI PR A 7K U8 L 1 TS PR i
FIT RS A H R A 7= 1 e 74 i X7 F SEBe L. (5
o 5105A), f KATECAH 100 kN, IR A 0.5 2%,
INZEGE %K 5 mm/min.
1.3 fWE R RYIRELS 418

W PO 58 B ARG 5 K T AR EREEA T DB, %
BTN 30 mmX 20 mmX 15 mm KO R
W&, IRBIRTFHE. VT, R SRR, R
RET 25 £3°C il KA JARIBK TS, AN
RS WP ACHT BSRFE, J/ oA 1200 5048, FAKERTE
A, TERROMFE AN s SR AR RO A K
A BRTAT A 1) 4277 1) SBC-12 /N B IS S 4 4 i
B 58 B EN TN HITACHI TM-1000 28 4748 a5 0l .
DR AR AR N e I, o T e R A A,
e BE K BN PO AS BT i S i, i
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FIF] Image-ProPlus6.0 (IPP 6.0) 73 Bk fhxt/Kie 1
SEM EUEEATALEE . 437, THEEHRALER, RIEG
LB REL . X T SEM BZ KL H S - Tk
WAF LB ZAT 5 X, ANFEBCRASEEC S SEM
BG LB SRR, RAR T B2 SRR AL
BRI s S, ANLBRIAE B A R 58 4 S ok s
R 2t i BOR SRR AN FLBR . - gl b 5 R 2 [T IEG
SRR, ATRRMIAZIRALER: A SEM K5
LIRS RN R R I N 518 20 HELR,
SRR AE— AT N FLBR I &, BIRAEAE 4
) A AL ety b ARS8 A () FLBR % R i A —
YA LB o, W38 2 A0 i SRR
FE FRRAEAEAG — 0 E I 2 5
1.4 KRB MK

TR 28 R, AT HU s 5 I 5 IR K U L AF i
AifF 5 Ik 0.080 mm 7 AL, FREX 5 g WAEK e TR,
TRAT A TR I A e Fti b, e — e R AR
B, A W A EURL T 1 BE AL 2> A . R
TD3500XRD #7440 B 34T K Ve - I AH A,
R IE LR =, FIRRg AR 200, 2k
Ak 70° , FIHEEE N 0.020/s. XRD #HR
JADES.0 SRAFBEAT 34T, AR AT SR U 1 v BEA v H 2%
FTS R AR SRS, SR A oF (0 7 V4R 3
AIREMIIAE, TR AR KR - AR P S o e 3 i o 4
W .

2 WWERESH
2.1 FMRINERE D

B TARREEES 7T 28 d MK YE L1k
MIBRPTESRSE ¢, » B 1 A4 KPS =
h 1.5 g/kg I GRFE MC1) 55k 51 # K E 4.90 MPa,
BABEMBERIKE L G W) [W5R)E 4.57 MPa
WK 7.22%, SACEES RN 6.0 gkg GAFE MC3)
9.0 gkg CRAFE MC4) [FI7KJE L5 7 i L KRB AL
Bkt G W) SRERFMK 10.50%F1 21.88%,
4 4.09 MPa 1 3.57 MPa; LLHAFE MC1 AAFE MC4
(PIsREEATH, AE MC4 R B B e MC 5% %
X 27.1%. Z5 EPTR & AA &A BRI 7K Lo B2 Bl
MC1 b, HARRFRAR B Z B KT+ GRFE W)
A AR L (IR TR 7K = e o P Bt o 5
AR B (R 14 N AR, 150 B AR S B B S AN
HANTET 1.5 gke), SABEIIAFAEN KYE L )i 5

BERATH, Bl AACBE S BN CHRKT 1.5 ghke),
XA - s BEAR, AL TRESE R PN 5 R EE A .
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Fig. 1 Compressive strength of cemented soils
2.2 XRD RIEERSH
XF 5 AMAFEREAT XRD U0 A, WK 2. &l 2
AL B RACBRKYE LI (MC1~MC4) ikt
WA AR AT — € B 22 57 0 /K Y n I = i 3= 23 ok
KB BRI AR AR SN & 0K 7K e KA R
IR IR AL S B 3 AN IR, B LK PR KA 7= 1
C-S-H. C-A-H 1 C-A-S-H b B4 1ok 1) 7% i)
B, A RS RABRN, IR R AT RN
3Ca0-2Si0,3H,0 (C-S-H) + 3MgCl, + 9H,0
= 3CaCl,6H,0 + 3Mg(OH), + 2Si0; , (N
Mg(OH),+ Si0=MgO-SiO,-H,0 (M-S-H) , (2)
3Ca0-AL,056H,0+ 3MgCl, + 9H,O
=3CaCl,'6H,0O + 3Mg(OH),+ALLO; , 3)
Mg(OH), + Al,0;=Mg0O-Al,0;-H,0 (M-A-H) , (4)
MgCl,+Ca(OH),+6H,0=CaCl,-6H,0+Mg(OH),, (5)
3Mg(OH), + MgCl, + 8H,0=2Mg»(OH);CI-4H,0, (6)
CaCl,-6H,0 + 3Ca0-Al,05-6H,0

= 3C30A1203C3C1212H20 ° (7)
C-S-H
M-$-H M-A-H  CaCl, 6H,0
Y TR TS WA
A Ao, PO VO W | omcadhime VIC3
Lo cnstomtadn s dorensend et e MC2 o
. h.. A | T A § P MC1
i o r|’l‘" B st ity I, Ji W
1 1 1 1 1 1 1 1 1 ]

20 25 30 35 40 45 50 55 60 65 70
20/C )

2 28 d X BHEATHTE
Fig. 2 X-ray diffraction of 28 d samples of cemented soils
M XRD Bt g R8T DU S AL BRIR K
P C-S-H AR SS (B 25° ~30° Z [l
SRR AR 1 M-S-H (I 257 e
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SKER/RALED) « M-A-H (B 45° ~50° Acfidiskds
INIED) N CaCly,6H,O (AR 55° JiAq fi kgt
H) .

SR SRR KA ) C-S-H KA RN (1)
A EARES £ i (CaCly6H0) « KEEAT (Mg(OH),)
F B AT (Si0y), [AII K BEAT 530 5 (A ek —
RN (2) AR T 7K M-S-H; [ #ESEUL
BES KV C-A-H RAEZER N (3) F1 (4)
AR M-A-Ho B M-S-H A1 M-A-H Ji 455 55
C-S-H {i&, H.AIarEere KL, EkK)e - pegh vk
B,

SFALBERII AT 5 K8 -4 (1) Ca(OH), KA Y.
(5) FRAEREEL N (CaCly6H0) « KEEA
(Mg(OH),), KEEABRR AN (2) 4b, [FR
PR RN (6) A R AR S, i (Mgy(OH);
Cl-4H,0); S LG4 (CaCly6H,0) LKk =4
C-A-H KRN (1) ERKIE RIS (CA-
CaCly12H,0) , H i Fral A B4l i MK Ak SR RS
AN K g5 AR, R T K Ye - C-S-H.
C-A-H 1 C-A-S-H AE %, MWL 5 1E K 1075
PERERFA

MEL EAGZE AT AT A2 Y. (1) ~ (4) F2E
A M-S-H F1 M-A-H, 3fi# 77K L) C-S-H Al
C-A-H, MKJeb ket 2, womiEm; mik
RN (5) ~ (7, WG S, . B
B gl KA R IR S, K YE 145 gk, tegs
s o IR S BE AT 7K U8 1 RS 2 A3 55 45 T )
HHE1ER
2.3 ML RANIES T

BI345 tH T 200015 ARl AL B /KR 1211
SEMIE 5. iAW K Y R4k s = A2 20 (DRI
C-S-HAIC-A-HH4 it | rpr BORL S5 440 1) 1 R0kr 2 45 e K
TR R S5 R SE (3 (a)). 247KV TP &L
Lo 1.5 gkgit (K3 (b)), JLIEA ek bl -+
br B TCARFI R BEARLL R, A A RDIR A4 RN 45 S Ao X
MST S HCE SRR AR TR 1, &5 AR, 2 SR
PR A T AR, g5 ook 2 B2 SRR G5 R R
TGS B E R AT D 24, &E il E
AR, HXRDZHTH IS S5 5 RS,
gl 7K AL GV R 5 6] 7K e L s B S e K, 7E/K e
LA BT RS D IINE A O 1] R A i
BAGR, A LR g R o L KA, kg
FABEE KT 1S g/keltf, BURLR I AR 2 [HA7AE
EHAFREE I RERR SR KA, TR Bl AL B
K, S TREEE FENEER, SEUKLY R
/N, R R] (1) e 2549 2 A o 9 R TM-S-HRT

M-A-H, [RINA KA DEHERALESLER . 24N
M R RS 2 fil A S5 8 5, A K e L o R PR A
3 () .3 ) B,

3 KR EHEHITI L5 #4 (& 15 (X 2000)
Fig. 3 SEM photos of cemented soils (2000 times)

Kl4%h i T 400015 N ZIPPALHL R 5 (A FEMCI

(R ) ARAFEMCY GRS RRAIR) MO R A,
[T L ALBR . AT AR AEMC TR 45 R 7K
VAR =) 5 85 R BRI E S5 75—k, TR R R
SERIRGS , FIRCORDIR - Bk - Al 7 S5k (K4 (a))
FLBRE N, FLBRGE TN 8224, FLBREAU A 0.339 (&
4 (c) ) 5 FEMCAH ok J8 [ Rt ) O 24 oy
fiff, RIS CUE LR ROk A L, S RORE o] B PR ALK &
HBE @R Ar, FLBRANEE 2161, FLIF5140.468,
BARFEMCTIFLBR %0.33948 51 7 38%, AR (1% 51
FE S IRAFERE NI, P BOLRE N (B4 (b (d)) o

N SR e T s il
¥ 2 0 FRN

2N 5
a ‘?“ OBy + 8
B )

x4.0k 60pum

x4.0k 60pum
(a) MC1

¢ N ~ * o f -
: : b7 - )
TP . RS P
x4.0k 60pum x4.0k 60pum
(e¢) MC1 (d) Mc4

REEMC1LEFLER S . 0339, FLERGEH Mgk 224;
REEMCALETLER S . 0.468, FLERGEHH M8k 161,

4 SbIRRTEEYIRAE SEM BIRITEE (4000 £5)
Fig. 4 Comparison of SEM photos processed by IPP software
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2.4 FLBRTESH

2 Image-ProPlus6.0 73 47 85 A4 43 il W45 Al A
6000 % 4000 f%. 2000 ff. 1000 f%. 500 ff#1 200
5 6 MUK M AEEUR RO ES 1 G AT A B L 44T,
THEILALBR R, HrPAE 1000 580 F, HALBRIA F 5
ferfE, DRLE A S TSR 1000 A5 A LB 23T 149 ot A B AEL T
KAEE, BAARPER 2 AR LA 5, A
ME LB R S AR A, WK 4.

5 ALIRFEAYINAE SEM ElIfR (1000 f5)
Fig. 5 SEM photos processed by IPP 6.0 software
&4 REMREBRILEFITT AR

Table 4 Sampling pore analysis of microstructure

Wl FARALBR (um) BT Ay FLBRIV 43 B /% L
(1000 ff5) <2 2~5 5~20 20~50 >50 -
W 381 9.15 3026 2534 3143 0.360
MC1 464 925 2880 29.03 2829 0.349
MC2 290 643 3581 3743 1743 0.407
MC3 334 568 33.69 4295 1434 0.380
MC4 410 644 942 4971 3033 0410

ei e 4 7740, FE MC1 19 SEM 15 LB % 5
i 0.349, KZFE W, HALBEE K 0.360, 111495
EEE A 9.0 ghkg I GlFE MC4), 1 SEM B4
FLBRZILF] 0.4100 VLB, MSEEBES 54 1.5 ghkg I,
XK L FLERRE 2 T AR, BUTH LR 4R/,
SRR T RS EMBERKEL GRFE W) BRI
F oI, FLBRERNR, SRR,

R AR IR N, PO FLBR AT LA 3 1k
LR 535 fLIA (>50 pm), KFLBE (20~50 pum),
LR (5~20 pm), /NLER (2~5 pm), LB
(<2 pm) ", W& 4 LR ARG T AT A
TR, KPR R AR T g .
TEFTA AL SEM B, A MCL IAALER (<2
pm) FUNLBR (2~5 um) BIELBIAH K, 2050
4.64%F1 9.25%; IRFE MC4 [ FLERE (5~20 pum)
tefilisy, R 9.42%; HIE 6 7741, 2~5, 2~20,
2~50 pm [ E A 35 Bl SR 1 1 (0 189 KT 42t 1
K G 98 A TR KT >20 pm 73 A B
A, B MC4 (1) 80.04% , HABIKFEFLIZ KT 20 pum

) EE B 35 /N T 60% (W=56.77%, MC1=57.31%,
MC2=54.86%, MC3=57.29%); fLili (>50 pm)
173 LB S EE & eI N G RO, ARk
MC3 Bk BN, HAT 14.34%. DRIHA] LAHERT 7 H
ERIEN) SEM K, ALKV L LAy
MRATEAE, BTSN FEELLR R R
b, FLBREZRAN R 5 e Lo R 1) 22 5%

100 -
[0 2<n<5s

B 2<n=<20

T m2<n<50

W MCl ~ MC2  MC3  MC4
b i

6 MR EMFLE T EZRRITE

Fig. 6 Cumulative diagram of average diameter of pore
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AR, SRS BN, SUBEIRIAEERT K e 111
SRFEIARA R, B SRS EIHOR, X KYE TR
FEAR, 75 TR S e b B 75 | i HAE

(2) i XRD RE - #rf3 th &2 5 Il A
) M-S-H F1 M-A-H 73f# T KJe L) C-S-H Fi
C-A-H, MKkttt ze, womiEm; mk
BRSBTS AR 4l i K AL SRR RS
flKYe L4 SNk, AahfrER . DI SRR K e
R FE R S A5 I A .

(3D EHTOU 2 B 43 B m] 0 A0 B 1 L AIC N
IKYE IO A5 K 7K e KA 7= 5 4 i K s 3 25
i, TEMBRRIN SIS, s Rk - Bk -
4" ity BEAE R A ERS IR, LR [ ) ek
PRI 53 il A RORE J) L PR K LR i 7 Ll PR e
FEIRFE (03 S B 5 IR G5 R T B, S ECLRE N .

(4) WX SEM K5 IPP b FE . 4341 515K
e AL 5L 1T, SULBEKYE L4l
B ATRAE TS, FEELMRE KA, 5T K
PR =R
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