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Malic Acid Modified Foamed Magnesium Oxysulfate Cement
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(1. Hebei University of Technology, Tianjin 300130, China; 2. Tianjin Chengan Thermal Power, Tianjin 300204, China)

Abstract: Malic acid was used as a modifier of foamed magnesium oxysulfate cement (FMOSC). Effect of malic acid on porosity,
dry density, compressive strength, softening coefficient and drying shrinkage of FMOSC was investigated. The phase composition,
cross-section morphology and elemental composition of FMOSC were studied by X-ray diffraction, infrared spectra and scanning
electron microscopy. The results show that the addition of malic acid has slight influence on the dry density and porosity of the
sample, but the pore size distribution becomes narrow and the drying shrinkage rate reduces. The compressive strength of FMOSC
modified with malic acid is twice greater than that without malic acid. It is indicated that malic acid could inhibit the formation of
Mg(OH), by chelation ability and promote the growth of 517 crystal phase in the form of screw dislocation.

Keywords: malic acid; foamed magnesium oxysulfate cement; chelation ability; crystal phase; screw dislocation; air-void diameter
distribution
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Table 1 Chemical composition of light burned magnesium

oxide raw materials w/%
MgO SiO, CaO Fe O3 AlLO; Ignition loss
87.10 5.56 1.08 0.35 0.39 5.52

w is mass fraction.

1.2 FMOSC {3894 &

PLE 52 1 BE K . n(MgO):n(MgS0y):n(H,0)=
8:1:26.5, 73 HIFRE MgO FTHE 735k 21% 1) MgSOy
WU, 5 R $2(0, 0.3%, 0.6%, 0.9%, 1.2%,
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B LA JECRHR A 5 i N o 203 TR A A% b
280 r/min HIHSEBERE 15 min VR S35 o KR
KRIZH 3 mL/g MgO Vs I 2 A0 I\ 2 5P (1)
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H RN R, [k 24 h JE R, KRB BN
T N (25+2) °C 5 YRS K (60£5)% U H IR IH MR TR 3 46
IR A S, AT HEREINR .

1.3 FMOSC H8EMit 5 RIAE
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KM SP-175 BNz AAHb HSC A g I ASCIN e 15
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20 4 5°~90°,

K 2% [E NICOLET 2 w47 ) NEXUS470 2!
Fourier ZLAMGHEAMN 2 FMOSC A fhf#) FTIR i,
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Table 2 Dry density and porosity of FMOSC 28 d with
different addition amounts of malic acid

Mass fraction of

Sample No. malic acid/% Dry density/(kgm™)  Porosity/%
1 0 457 73.39
2 0.3 460 73.33
3 0.6 463 73.21
4 0.9 472 7291
5 1.2 476 73.03
6 1.5 490 73.03
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NI 0.9% ], HT Hs 8 55 RN Ak R H0A 2 5 KH
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0.9%f, PUEBRFE R A RECEIUNMRE R F%, H
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A0
Influence of malic acid addition on the compressive
strength and softening coefficient of FMOSC at 28 d

Fig. 1
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Fig. 2 Effect of malic acid addition on drying shrinkage of
FMOSC at different curing ages

2.4 FEREEXT FMOSC RIS HIRE >R
2Pk MgO 5 MgSO, iR & I, 11k MgO
IKEFE B [Mg(OH)(H0), ] JE R o (X (1)),



2 48 5 2 W

D A RRIR I R A K < 225 -

3 g 3E R e BT S FMOSC 7547 28 d il XRD
o 3 AA, SERT S FMOSC #3EE Rk
R I N MgCO; Fit MgO #7i, B J5 MgCO;
T S O i i v T O MR, X e JE i K
A= 517 S AT, 5255 CO, SN A ik MgCO5PY,
L EDS {8 ESE T I1X— 4. & 4 ¥ FMOSC ] FTIR
FE 1 444 cm ' Ab HUBURR IR R AR i PR S c g, HLik
PE e A% e 5 AR 1 B XRD %38, MR
P FMOSC ¥ XRD #% 1 &3l Mg(OH), /KAL)y
ST, ] 4 v R BeME Y FMOSC () FTIR 72 3 700 cm™
b H B T Mg(OH), H 1 O—H A1 455 Hi 5 W i g 261,
VLR TE MgO FE/KM Gk — 20 | N A K AL = 4)
Mg(OH),, X2 i T-Bl& KA ) N EELT, MgO /K
fif T 1 11 [Mg(OH)(H,0), ] A Fa iz PO e gk 8 5 14 &
HOH J W TE ik Mg(OH),(:(2))-
MgO+(x+1)H,0—[Mg(OH)(H,0),] +OH (1)
[Mg(OH)(H,0),] +OH —Mg(OH),(s)+xH,0 (2)
OH
B ] |
HOOC—CH,—CH—COOH
HAA WIS oK, ¥Ry TP &8
2 NMRIEMFIE LB —ANEAR o-FRIEMRSE, REW
A A A 55 B 5 7 WA R e e & 7

*—517phase
A-MgCO,
©®-Mg(OH),
H-MgO

Addition of 0.9% malic acid

e

Intensity

Before modification

([ ] ! irﬂ P u

U NI IR IR B R RS I
10 20 30 40 60 70 80 90

50
20/(°)

B3 AR SERT R FMOSC 28 d XRD i
Fig. 3 XRD patterns of FMOSC at 28 d before and after malic
acid modification
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Fig. 4 FTIR patterns of FMOSC at 28 d before and after malic
acid modification
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Fig. 5 Schematic diagram of MgO hydration shell in FMOSC
with malic acid
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Fig. 9 Microstructures of FMOSC at 28 d before modification
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Fig. 8 Effect of malic acid on the air-void diameter distribution BN, ARBEAE 517 MR AEIREE AR HOFAEAC,
and macroscopic morphology of FMOSC at 28 d B A RELL 517 dAHAR EE T = A X A KA 47
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(a) Triangle region

(b) Bubble wall area

(c) Trigonometry magnification
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Fig. 10 Microstructures of FMOSC at 28 d after malic acid modification
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