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Influence of S-type Magnesia Expansive Agent on Micro-structure, Shrinkage and
Durability of Concrete
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Abstract: Incorporating magnesia expansive agents (MEA) into concrete is one of the effective ways to solve the deterioration of
concrete performance due to cracking caused by shrinkage. S-type MEA can provide a stable micro-expansive to compensate for
shrinkage of concrete over a long period of time because of the low activity of hydration, which is widely used in engineering. In this
paper, S-type MEA was mixed with concrete at different MEA contents (i.€., 4%, 5% and 6%, mass fraction). The effect of MEA on the
microstructure and macroscopic properties (i.e., mechanical, shrinkage and durability) of concrete was investigated. The results show that
the crystal growth of the hydration product magnesium hydroxide expands the microscopic pores of concrete with MEA, and the porosity
of concrete increases from 7.93% to 10.63% at 28 d when the MEA content is 5%. Therefore, the concrete strength before 28 d and the
resistance to chloride ion penetration are reduced. Also, the content of pores in the range of 10-50 nm decreases, thus improving the
shrinkage performance of the concrete. The autogenous shrinkage is reduced by 25.66%, 18.58% and 46.02% when the MEA content is
4%, 5%, and 6%, respectively. As the MEA hydrates continuously, the gradual filling effect of magnesium hydroxide reduces the
porosity and improves the strength of concrete with MEA. However, swelling from un-hydrated MEA is coupled with the effect of either
freeze-thaw cycles or sulfate attack with increasing the MEA content, thus having a negative effect on the durability of concrete. In
addition, the shrinkage model and chloride ion permeability coefficient model of concrete with MEA were also proposed to predict the
long-term performance of concrete, thus having a certain guiding value on the engineering applications.
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1.1 EMRREELE

BRI K YR P11 52.5 RERRER/KYE, AL o
Wk 1 fR: RN EREL 2.6 1R,
BN 5~20 mm FELLRRC I LA s BUKFIARRR
A RERRIK A, KN 30%; FEA KON E KK
S I MEA [ BiFf 8] A 250 s, 4% (80 um J7 FLI7
AR 3.6%, WA IWER 2 R, IREELRS
Lbansk 3 fiow, S B MEA RA4ME T, B2
N A% 5% 6%

=1 IKRHIMLEFLER

Table 1 Chemical compositions of cement W/%

CaO Ale; F6203 SiOz MgO SOg KzO Na20 LOI

60.87  4.47 2.71 1848 273 211 075 0.19 7.69

W is mass fraction.

#*2 SE MEA WLFEAER
Table 2 Chemical compositions of S-type MEA  w/%

MgO A]203 Fe203 SIOZ CaO SO3 Cl

MnO LOI

88.70  0.47 123 400 435 070 029 0.26

1.2 7%

Fo HR BT IR VR e L A e AN R RS TR
. IR LR AR 24 h AL, BEERON
WETRY 2, TR X R

IKACF=R 53 BT R K IR R 0.4 BRI 3K, S
B MEA B84 5%, F-37ZE 3. 7. 14, 28 d J5 &1k
. B EES 200 HLLT, KM Panalytical X Pert
Powder X S AT (XRD) 5 IFS 66/S 7 HLiH-4T
AR ATEAC(FTIR) MK Ve AR KA =4 TR #EE 13
Pegpdh & 28 d W HARF, R Poremaster-GT6.0 JE 7K
IR FLEER s SR S-3400N ZU49 4 o 1 B A4S
(SEM) WL &2 R %+ 1) R THI O TS

TR TP R e 5 B SRR e i FH VR K
HtR~FH 100 mmx100 mmx100 mm. JE#HEL [k
95 5 T 4 R o 2R B IR 44, BT B R
S 100 mmx100 mmx515 mm, A 37 B 5t
HWIaKRE, B SR B ean i AR TE 4R
B, W07 14 dBERIME 1R, B 54 RR S HEIE TR/
MR, RE A IRK S GB/T 50082
P, KRB 100 mm. =% 50 mm R BHEAT
PRABE FBEERERCM L), 475K A 100 mmx
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2.1 S & MEA XJ7K R AR FIZHI RN

K FKAEB N S B MEA i J5 XRD R4 5 40
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BTG KV SRR A — B, DR o) B i
WIKVE B B Kb mE /N, FF, FEE S B MEA
AW KAk, 28 d 8IS Ca(OH), Mo N7 (AT 5 e v i
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ik, Mg(OH), ATk RLfATHIE 50.75°, 62.55° (26)
W) S, RIS R MgO TV /KA AE il
K29 Mg(OH),.

KB AEB N S B MEA #iJ5 FTIR MliRK4s 3
WME 2 fis. 650 cm ' ALK RERERR —45(C,S) S REMR
ZHG(C3S)RFEIE, 850 em ! AL RIFRIR =45 (C5A)
SRR VU5 (CLAF)RFE I . B KR KL R4
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READUER 1) Si—O MgaRsh s, 220tk

AR T C-S-H B 3 400 em ' PR A 58 148
H,0 A O—H ZFH P H4EIRS 5] i,
Herb 3300 om ! xR A I 32 Y HLO S, T
3643 cm ' ISR K S Ca(OH), IAFTE . Bli% /K
TEAWI KAk, Ca(OH), IIRFIEIEIZH I 58, RITKIL
AR Ca(OH), BCRIIN; 1 140 em™' AbXH R RIS
AR IR S HE N 1100 em ™ Ab FOAS LA 5
AR, KA B S B MEA J5( 2 b),
3 643 cm ' 4bxF R ] Ca(OH), WAH A% FEAIE, 5 XRD
ML R —5, He/KRES KB S B MEA
LA —3, (HHE, 76 1463 cm '\ 2 920~2 950 cm ™'
53 700 cm' 24k PSS 1 MO B8 Mg(OH), 4
iR, X — P RIMIETER) S B MEA X7KJe7K
B A LU
2.2 S & MEA XRELTFLEHSREFFEISE NN
S A MEA # ARl R+ LR 3
. ATLAEH, B SE MEA J5, 10~50 nm 75
I FLBR R />, T 50~100 nm i [ P FLER %L
I, KT 100 nm FFLBR R A H B AR
Al JLFLAEM 33 nm A5 F£ 2] 45 nm, HALBR DA S
BRSPS ek & AN 0.034 8 mL/g 4 %
0.0485 mL/g; 28 d W IR EE L IFLBE R H 7.93%4F

*3 RBRLEAH

Table 3 Mix proportion of concrete

Mix proportion/(kg'm )

Sample Water/cement ratio
Water Cement MEA Sand Coarse aggregate SP
Reference 0.40 152 380 0 653 1213 1.52
S4 0.40 152 380 15.2 653 1213 1.52
S5 0.40 152 380 19.0 653 1213 1.52
S6 0.40 152 380 22.8 653 1213 1.52

0 10 20 30 40 50 60 70 80
26/(°)

(a) XRD patterns of cement paste without MEA

1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80
20/(°)

(b) XRD patterns of cement pastes with 5% MEA

1 JKJEFI I XRD 1
Fig. 1 XRD patterns of cement pastes
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(a) FTIR spectra of cement paste without MEA

(b) FTIR spectra of cement paste with MEA

2 JKYEIFHKIN FTIR
Fig.2 FTIR spectra of cement pastes
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MER . B S MEA J5, 3 d &I (E 4c)me M
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(a) Differential pore size distribution

(Mg(OH), TERRMEI R K EEZ) 300 nm, JEJEZ)
50 nm [R7NIUTE FREGR),  FFIZ T 70 78 B AL
B, PRSI ECE . K 4 d Rl B
FI| Mg(OH), #H 552 B 1M B 1) 32 ZEREE 4

2.3 S & MEA 3PRETEM M RN
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SR BT RSB S A MEA FiRAE L, 8 S
A MEA VR B - U8 B2 A AE AR 20 . S B MEA
BEN A%, BRI 00 5 I PR
X2 KN MgO /KATE i) Mg(OH), f# 10~50 nm ji
FEL N AL = AR NG, FLBRZR B, S BURE it
JEBRFERAC. 281, BEEBENIES, S A MEA K
7R AR F A HOGHR &E P s B 52 A2 /), LGS
AR Mg(OH), A 2IIE/RAE A« PRtL, BG4

(b) Accumulative pore size distribution

K3 S B MEA XHREE - FLERH 0
Fig. 3  Effects of MEA on pore size distribution of concrete
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(a) 3 d, without MEA

(¢) 3 d, with MEA

(b) 28 d, without MEA

(d) 28 d, with MEA

K4 JREEL OIS
Fig. 4 Morphology of concretes

FI3En, 84 d R4 S B MEA fif f5 iR & ik 58
A, F£H] S B MEA w4 m R R 1
SR o VIR B RGT R 9 1A S T e A
FAAIA, 84 d W HARS, S B MEA B84 4% 5%-
6%l VAR BS R TR R B il S T 5.37% 8.81%.
5.50%. JEEEL BN S B MEA J5, H ke
AR SOk P R 25 1 R — 2,

(a) Compressive strength

R, S 8 MEA Yo yi k550 B FA) 5 i 5 % 301
PIAHSG . — 71, HIKA =) Mg(OH), AN H #4515t
FEHEN, H Mg(OH), I 1 FH 218 K FL 14 B Rt
TRFLERR, BT FEREE L.
1, BEE MgO AWKk, KALF=¥) Mg(OH), 45 i
AN AR K 7 Ve LI, AT Aok i g B 8
P TR R R

(b) Split tensile strength

K5 IREEL IR
Fig. 5 Mechanical properties of concretes

232 XPREETIETERERISZ S AL MEA X}
TREE R ERE MR a6 From. o, sk
YRS TR AT I A5 ) S A4 ek 2 VR T A
5. MK 6a FTLAE H, S % MEA )35 N3 #AK

TIRBEL I E U E . S 7 MEA B8N 4% 5% 6%
B, JREEL 153 d BURE 2 0 FEIR T 25.66%

18.58%- 46.02%. Kt, S A MEA #gf% I kst
TREE L E et fe, AT PR VR Bk PR B WA AR
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TE SRR . (R, M 6b i LA H, S Y
MEA Rt U i 1 e 2 L/

EE T U S B SRS R RE LA
BB AR k. — RN, TREE L PN IR BRI,
XL S K FLAR UGB /)N, B 4L A7 R e, AT
ST s, TRk EE 2 E S 5~50 nm
UL S EARECN, S B MEA 1B A3
FRAR T VR &R 10~50 nm YEFE N LB &R, KL S
T MEA (1945 N BH 2 BAR 1 VR 1) B IR o

R L K 4 P REAE SEBR AR A A SR BE, Tl
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(a) Autogenous shrinkage

7£ 0.976. 0.930 LA L. [A}, S A MEA N5 iR %
+ AW R A BIE a) RERK, S A MEA X iR
TR T A HUE & HIFZI N AN .
233 hREELPUAMEREREE WwE 7 R,
TEIEE L PR TR B R H T E R R S A B s AR
RRIE. ME 7 ATULEH, S AHIRE L1 ERR
FKIET GB/T 50082 H 5% IR brifE . 55%F IR
ML, BEEETBAN 4%, 5%, 6% S B MEA J5
BRI PRI 45.31%. 18.58%. 25.78%. #il S
B MEA 1935 N 0] DAk TR 7R R G 2R Hp (1) 3R
RS S

ME 76 \LAEH, S B MEA B8 H 4%, 5%
WAl ERE L PURRE . XA, EEM S
B MEA TEVREETH Y Sk 5 SuRE LT
HEHn, I 1 RaIEHE R T BERIKIE /7.
2 S B MEA 584 6%, 100 UKIRBG I o TR
AR Bl A R N P, 200 IRPEFR S AT
GB/T 50082 1 60% il Attt W] S Y MEA
it A4 E Mg(OH), #r &1 hn, &K
Mg(OH), 45 fi2E Kkt HFLBt K s 71, 5
UREIEIME A Z NG, InE 7RSSR
BT A, 15 23 [X B iR g i S T MEA B &,

_200 |> 1 1 1 1 1 1 1 1

1
0 25 50 75 100 125 150 175 200
Age/d

(b) Drying shrinkage

Ko REELIdirtae

Fig. 6 Shrinkage properties of concretes

x4 BRTWEHEMEMAER

Table 4 Fitting results of shrinkage of concrete

Autogenous shrinkage Drying shrinkage
Sample
a b; R? a b, R?
Reference 26030  21.15 09922 148.18 6.01 09594
S4 187.86  13.78 09912 166.43 932 09301
S5 217.60 2883 09919 131.75 5.88 0.9518
S6 136.17 2465 09760 166.62 556 09724

234 SNREETHAE TRMERREE A
Fic LR A i3 IE R AU 8 Fim. nILLE
i, S MEA B2 AN 4%, 28 d & IR REE A
BB RO AN R T 18.94%, X2 RTE
S %Y MEA SRR, KIbP=% Mg(OH), FI K
& PR R ORFLECE S N, AT TR his
FEEREHRAFI M, B S B MEA B85,
28 d W R EE LA B T2 18 RECA BRI, X2R
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N, BEE S B MEA MIAWiKAL, Mg(OH), 4
K, HARE AL, RS TEdmimE. e,

(a) Loss of mass

EFERMIAERER S B MEA i, @IHBE

METF 5%

(b) Loss of relative dynamic modulus

K7 IR LB R
Fig. 7 Resistance to freeze-thaw cycles of concretes

BRI, RE LR TR R
WA R AT & A K(Q2)

D, = D, X [tTOja )

U Dtk I R e SR 1B E R
Do AIHIAG T to I Xk 2 f R o = S 1808 A L
o T IRARHL
WEERIEY, AXQ) SRR &R
s FNZH TAE S B MEA &8 FiREL 1
WA R, AR I 31 0 16 a5 B
ARG S, LIS S B MEA iR G LKk
WPTA R TEEERE R T -
2.3.5 HREEpURBRSL R ERE AR TRk
T HUBRIR £h R TR L RE 7 A TR S B A 3 e vk
PR 5 AT SR B R RAE, 1 9 Fras. AN 9 AT B
b, REELTHBA S B MEA 5, BEHKMAE

(a) Relative mass

(b) Relative dynamic elastic modulus

WEN, fE 90 ARG Ja Rk L i B B 1 kA
4%~6%JuH N o [, 60 RGN 5 VR kE AR X ) 5
PEASTEE K HE O 5 B2 U WS BRI B AR TR B3R

K8 REELIRE T ENERE
Fig. 8 Resistance to chloride ion penetration of concrete

(c) Relative compressive strength

Ko TREEL UL #h 1R ik e
Fig. 9 Resistance to sulfate attack of concrete
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2) Mg(OH), N EA I Ee A B A K, 28 d
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NG

3) Mg(OH), A~ Wr 4 i A= 4 AT f M2 T VR -1
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