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With the increasing of iron and steel production, the rational utilization of waste steel slag is very important. At pres-
ent, itis common to use steel slag as admixture of Portland cement and concrete. In order to further investigate the
effect of modifier and superfine steel slag powder on properties of magnesium oxysulfate (MOS) cement, the ex-
aminations of compressive strength, hydration products, and pore structure of various MOS cement mixtures are
discussed in detail. The results show that malic acid helps the formation of 5Mg(OH),:-MgS0,:7H,0 (517 phase) and
gives MOS cement a finer pore structure. Addition of superfine steel slag powder can decrease the porosity and fine

the pore size in the paste.
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INTRODUCTION

In 2019, the global crude steel output is about 1,869
billion tons, and the steel slag by - products is about as
high as 280 million tons. The recovery cost of extract-
ing metal from steel slag is high and it will reduce the
utilization rate of its value if it is used as backfill. There-
fore, how to use slag solid waste has been a research
topic for many years by metallurgical researchers [1]. It
is also a practical problem to be solved in the develop-
ment of circular economy and the construction of eco-
nomical and environment friendly society [2].

MOS cement is a type of air - dried cementitious ma-
terial formed by the reactions between high reactivity
magnesium oxide powder (normally obtained by calcina-
tionns of magnesite at 700 °C to 900 °C) and aqueous
solutions of magnesium sulfate (MgSO,) [3]. MOS ce-
ment is a friendly material due to its environmental pro-
tection and energy saving properties. In addition, it has a
number of better engineering performances as compared
to magnesium oxychloride cement and Portland cement,
such as good compatibility with many materials, good
hardening speed, low thermal conductivity, high resis-
tance to fire, abrasion and chemicals [4, 5]. As a result, it
is a promising material with a wide range of industry ap-
plications, including use as binding of lightweight insu-
lating panels, industrial flooring, fire protection, decora-
tion and construction [6]. Moreover, MOS cement is also
widely used in reinforcing steel and prefabicated struc-
tural units processed at elevated temperatures due to its
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low rate of steel corrosion and good insensitive to high
temperatures [7].

In this paper, the influence of modifier and superfine
steel slag powder on properties of MOS cement is studied,
which provides theoretical basis and technical reference
for improving the properties of MOS cement and expand-
ing utilization of waste steel slag.

MATERIALS AND METHODS

Raw materials

For preparation of the MOS cement, light - burnt
MgO powder with a purity of 85 %, from Haicheng, Li-
aoning Province, China was used. The content of active
MgO used in this work was determined to be 61,6 % by
the standardized hydration method mentioned in Dong et
al.’s report [8]. Superfine steel slag powder with specific
surface area of 610 m? /kg from Anshan, Liaoning Prov-
ince, China. Chemical composite on of light - burned
MgO and superfine steel slag powder analyzed by X - ray
fluoresceence spectrometer were presented in Table 1.
The magnesium oxysulfate (MgSO,-7H,0) employed
was a pure analytical reagent grade crystal obtained from

Table 1 Chemical compositions of light - burnt MgO and
superfine steel slag powder / mas. %

Materials Light - burned Superfine steel slag
MgO powder
MgO 86,53 0,83
Sio, 5,47 49,86
ALO, 0,13 38,12
CaO 1,26 3,78
Fe,O, 0,43 4,52
Others 6,18 3,07
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Tianjin Biaozhunkiji Ltd., China. An ultra pure analytical
reagent grade malic acid was selected as a modifier addi-
tive for MOS cement.

Sample Preparation

MOS cement paste mixtures with different combina-
tion of the raw materials were prepared, and the mix-
tures design are shown in Table 2.

To prepare the neat MOS cement paste, a magnesi-
um oxysulfate water solution was prepared firstly. The
malic acid was admixed with the MgSO, solution to
form a clear, uniform mixture. Subsequently, the
weighted MgO and superfine steel slag powder were
added into MgSO, solution and blended for a few min-
utes to form homogenous MOS cement pastes. After
mixing operations were completed, the pastes were cast
into moulds.

Test methods

For each mixture assigned in Tables 2, cubic speci-
mens with a size of 40 x 40 x 40 mm were cast in steel
moulds. It was observed after 28 - day air curing at a
temperature of 20 £ 2 °C in a curing room. The com-
pression test machine (TYE - 300) having a load speed
of 1,5 mm / min were selected. The crystalline phases
were identified by X - ray diffraction (XRD, X’Pert
PRO) technique using Cu - Ko radiation. The pore
structure measurements of MOS cement paste mixtures
were conducted by using a mercury intrusion porosim-

Table 2 Mixtures design of the MOS cement pastes

(MgO: Superfine steel Malic
Sample . N G
number MgSO,: slag powder acid
HZO) a / mas. % / mas. %
MO 9:1:20 0 0
M1 9:1:20 0 0,5
M2 9:1:28 0 0,5
M3 9:1:20 10 0,5

a— Molar ratio
b — By weight of light — burned MgO
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eter with a maximum pressure of 228 MPa. The as-
sumed contact angle was 140 °[9], and the mercury sur-
face tension was 485 dynes / cm.

RESULTS AND DISCUSSION
Compressive strength

The compressive strength of different MOS cement
mixtures after 28 - day air curing for 3, 7, 14 and 28
days are illustrated in Figure 1. It shows that with a
fixed molar ratio of MgO : MgSO, and H,0 : MgSO,,
the control sample of MO has low compressive strength
of about 30 MPa after 28 - day air curing. Compared
with the control sample, the compressive strength of the
modified sample M1 is improved significantly by add-
ing malic acid as an additive. The compressive strength
is over 110 MPa after 28 - day air curing, which is near-
ly four times the control sample. This means that malic
acid can boost the compressive strength of MOS ce-
ment significantly. From Figure 1 also can be seen that
the compressive strength of M3 with an addition of 10
% superfine steel slag is similar to the sample M1.

Pore structure

Porosity, pore size distribution and critical pore ra-
dius of MOS cement mixtures at 28 - day air curing are
shown in Figure 2 and Figure 3.

From Figure 2 can be seen that the critical pore ra-
dius shift to the left side of finer pore size for the sample
with malic acid. Thus, the lower porosity and finer pore
radius of modified MOS cement paste result in the bet-
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Figure 1 Compressive strength of MOS cement
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Figure 2 Differential pore distribution curve of MOS cement
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Figure 3 Porosity and pore distribution of MOS cement pastes

ter pore structure than that of the control sample without
malic acid. Figure 3 shows that the porosity decreases
from 15,94 % to 12,87 % for the modified sample M1
compared with the control sample MO.

From Figure 2 and Figure 3 also can be seen that the
porosity and pore size of the hardened modified MOS
cement paste are influenced significantly by the molar
ratio of H,0 : MgSO, for the same molar ratio of MgO :
MgSO,. For example, although the sample M2 has lower
porosity of 1,66 % than the sample M1 of 12,87 %, but
the volume of pore size larger than 1200 nm were 100 %
which higher than the sample M1 of 14,05 %. And the
critical pore radius of sample M2 was larger than the
sample M1. This means that higher molar ratio of H,O :
MgSO, can greatly increase the proportion of harmful
large pores. The modified MOS cement paste incorpo-
rated with 10 % superfine steel slag powder by weight of
MgO has the lowest porosity of 7,10 % and the volume
of pore size larger than 1 000 nm reduced from 11,26 %
to 10,03 %. This implies that superfine steel slag powder
can function as a filler in the paste, thus decreasing the
porosity and improving pore structure of MOS cement.

Hydration products

From Figure 4, X-ray diffraction (XRD) can be seen
that these mixtures at the air curing age of 28 days are
primarily composed of 517 phase, Mg(OH),, residual
MgO, and MgCO, that originated from the raw materi-
als. The results indicate that malic acid are favorable to
the formation of 517 phase. For fixed molar ratio of
MgO:MgSO, of 9, cement paste M1 exhibits stronger
peak intensity of 517 phase and weaker peak intensity
of Mg(OH), than the mixture M2.

CONCLUSIONS

The XRD results indicate that modifier additive of
malic acid, lower molar ratio of H,O : MgSO, and addition
of superfine steel slag powder are favorable to the forma-
tion of 517 phase and less Mg(OH), produced in the hy-
drate products, which are benefit to compressive strength.
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Figure 4 XRD patterns of modified MOS cement with different
molar ratios

MOS cement paste with small amount malic acid
becomes denser and with finer pore diameter. Higher
molar ratio of H,O : MgSO, can greatly increase the
proportion of harmful large pores. Superfine steel slag
powder plays a good filling role between the needle rod
517 phase, thus decreasing the porosity.
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