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A Feasibility Study on the Application of Ferrosilicon By-Product in
Concrete to Replace Silica Fume
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A ferrosilicon (FS) by-product was applied into a cementitious binder in concrete substituting the ordinary Portland cement
(OPC). The original material characteristic of FS is very identical to silica fume (SF) regarding chemical composition and
physical properties such as specific surface area and specific gravity. Therefore, the FS and SF concrete or mortal of which
10% of the material was replaced to total binder weight were fabricated to evaluate the feasibility of using FS as a binder,
and the comparative information of OPC, FS and SF concrete was given. The hydration characteristic of FS concrete was
analyzed using X-ray diffraction analysis. The FS concrete was beneficial in compressive strength, resistivity against chloride
ingress and reducing porosity considering performance of OPC concrete but the advantage was less than using SF. A
possibility of alkali-silica expansion was found out from the FS concrete due to the agglomerated size of the silica particles.
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FSO| £35S IS YoM 2B T3 40| 7Kt
XRD 242 +AGIACE 312126, °) He 5-60°, TY 40KV,
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oM ESHHZ AFRE AIEXIZ ‘OPC, FS, SFO| 5t5t
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Si Fe, Al AFSI2 2 LME[0f QIOLE FSQ} SF= SIO2 020X
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Table 1. Chemical and physical characteristics of raw materials

OPC FS SF

CaO 66.981 0.897 0.505

Sio, 17.437 91.000 97.103

Fe,0; 4.160 2.596 1.061

ALO; 3.970 0.482 0.305

SO; 3.419 3.890 0.303

MgO 1.607 0.163 0.147

K0 1.238 0.622 0.424

Na,O 0.339 0.000 0.000

TiO, 0.275 0.032 0.000

ZnO 0.153 0.023 0.009

Main oxide P,0s 0.143 0.107 0.064
compound

%) SrO 0.110 0.006 0.003

Cl 0.050 0.000 0.000

MnO 0.042 0.082 0.055

Cr,05 0.023 0.020 0.000

CuO 0.012 0.000 0.000

PbO 0.012 0.000 0.000

NiO 0.009 0.022 0.006

Rb,0 0.004 0.003 0.002

WO; 0.000 0.033 0.010

V205 0.000 0.022 0.000

As)05 0.000 0.000 0.003

Specific surface area(cm?/g) 3,240 211,000 194,000

Mean particle size(um) 6.16 2.39 0.349

Specific gravity 3.14 1.98 2.14

1000

300

Peak intensity (CPS)

3

10 15 20 25 30 35 40 45 30

Degree (28)

33 60

Fig. 1. XRD pattern of FS and SF containing silicon oxide
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Fig. 2. Particle size distribution of raw materials(binder)
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Fig. 3. SEM observation of FS and SF raw particles at magnification
of 100 and 30,000
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Table 2. Setting time of fresh mortar
OPC FS10 SF10
Initial set(min) 375 470 350
Final set(min) 535 700 495
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Fig. 4. Compressive strength of FS concrete at 1, 14, 28, 90 and
300 days of curing
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Fig. 5. Pore diameter distribution using MIP
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