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Abstract: MgO-C refractories are widely used as the lining materials in steelmaking industries such as basic oxygen fur-
nace, electric arc furnaces and steel ladles owing to their excellent thermal shock resistance and corrosion resistance origina-
ted from the presence of flake graphite and other carbon sources. In order to meet the requirements of clean steel smelting,
low carbon society and effective usage of resources, it is greatly important to develop low-carbon MgO-C refractories. Never-
theless, the high temperature performance (especially thermal shock resistance) will be decreased significantly when the
content of flake graphite in MgO-C refractories is reduced. Therefore, much effort based on the selection of carbon sources,
modification of binders, optimization of antioxidants and control of in-situ formed ceramic phases was performed to improve
the properties of the refractories in the past 20 years. In this review, the recent progress on low-carbon MgO-C refractories is
summarized, and the future investigation work including the fabrication of composite/lightweight magnesia-based aggregates
with high strength and toughness, the development of new antioxidants, the combined utilization of different antioxidation
techniques, the control of synergistic strengthening and toughening of composite nano-carbon/ceramic phase, the preparation
of composite powders containing nano-carbon and the selection of flake graphite substitute materials is also proposed, with
the aim to provide the guidance for the development and application of low-carbon MgO-C refractories.

Key words: MgO-C refractories; nano carbon sources; in-situ formed ceramic phases; binders; thermal shock
resistance ; mechanical properties
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Fig. 1 The evolution process of nano-technology in refractories

[13]



-8

RRMAE . AR BERK T SRR R TS 2 Ji 611

SR 3% 0. 9%, AR BREE RN KR PERE SR, TF
HAE T8 A A B SN 10% PG GEERRTH KA RN (R 1),
Behera 25" IR AT T 15 40 K Ik 2 B4 AR Al 5 ke ik 2
AR B A [R50 EAR 8 I 06 B AL v RE 1 s ), 245
R, SRR a5 a0 T8 BB AR, Ak
HRIEPET R, R T YA KB P R] B AT T R A

W ZE A HERE
F1 BUKREHRBREBRTIA RS & S Emm AR i aE
ekl

Table 1 Properties comparison of low-carbon MgO-C refractories

containing nano carbon black and traditional ones!'*]

Developed MgO-C  Traditional MgO-C

Properties refracto.ries (3% flake refractories
graphite and 0.9% (10% flake
nano carbon black) graphite )

Apparent porosity/ % 4.3 3.8
Bulk density/(g/cm®) 3.12 3.05
Cold crushing strength/MPa 51 37.5
Hot modulus of rapture/MPa 4.5 3.9
Oxidation loss/ % 21.82 36.95
Slag penetration depth/mm 2.01 1.98
Thermal shock resistance/ cycle 12 12
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Table 2 Properties comparison of MgO-C refractories containing

carbon nanotubes and only with flake graphite!*!]

MgO-C refractories MgO-C
Proverti (4.8% flake graphite  refractories
roperties and 0.2% carbon (5% flake
nanotubes ) graphite )
Apparent porosity/ % 11.5+0.2 12.3+0.1
Bulk density/ (g/cm®) 2.98+0.01 2.94+0.01
Cold modulus of rapture/MPa 10.28+0.38 10.02+0.25
Flexural modulus/GPa 2.36+0.05 2.65+0.09
The residual strength ratio 47.17 1743

after thermal shock/%
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Fig.2 SEM images of flake graphite (a) and expanded graphite (b))
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Fig. 3 Thermal shock resistance of low carbon MgO-C refractories con-

taining expanded graphite!*”]
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Fig. 4 TEM images of carbon nanoparticles (a, b) and carbon nano-

tubes (c~f) formed in low carbon MgO-C refractories
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Fig. 5 SEM images and EDS spectra of MgO (a) and MgAl,0,(b) whiskers formed in low carbon MgO-C refractories' 7!
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