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Effect of modified basalt fiber on the sulfate resistance of concrete

DU Changbo™, LI Dongze', YI Fu'?, ZHU Minghao'
(1. School of Civil Engineering, Liaoning Technical University, Fuxin 123000, China; 2. Beijing Jingneng Geological
Engineering Co., Ltd., Beijing 102300, China)

Abstract: To explore the effect of surface modification of basalt fibers (BF) on the sulfate resistance of concrete,y-
aminopropyltriethoxysilane coupling agent (KH550) and nano-silica (nano-SiO,) were used to modify the surface of
BF. The modification mechanisms were revealed through micro-characterization techniques and concrete sulfate
erosion tests, and the durability in a sulfate erosion environment was assessed. The results show: KH550 can
facilitate the uniform distribution of nano-SiO,, which aids in the reaction between nano-SiO, adhered to the BF
surface and Ca(OH), in cement, enhancing the hydration of cement and the interfacial adhesion between BF and
the cement matrix. Under sulfate attack conditions, concrete that incorporates nano-modified fibers out-
performs other types of concrete in terms of salt resistance and compressive strength. After 280 d of erosion, there is
merely a 0.23% reduction in the mass of the concrete and a 2.76% decline in its compressive strength. The erosion
process of concrete specimens under sulfate dry-wet cycling can generally be divided into three phases: Enhancing
the compaction of concrete, starting concrete deterioration, and severe degradation of concrete. Nano-SiO, fills the
micro-cracks at the interface between fibers and the matrix in concrete, leading to secondary hydration reactions

that produce dense and durable cement silicate hydrogel (C-S-H) gel. This effectively inhibits the further penetra-
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tion of chemicals and moisture into the concrete, impedes the production of expansive materials such as ettringite

AFt) and sum, significantly improving the concrete's resistance to salt-induced erosion.
gyp g y imp g

Keywords: basalt fiber; nano-SiO,; microscopic; concrete; salt tolerance
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Table 1 Performance indicators of basalt fibers (BF)

Diameter/pm Length/mm Density/(g-cm™)

Tensile strength/MPa

Elastic modulus/GPa Elongation/%

17 6 2.65

3 200-4 500 95-115 2.4-3.0
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Table 2 Main chemical composition of cement and fly ash

Oxide Cement/wt% Fly ash/wt%
CaO 62.77 4.73

SiO, 19.93 43.26

AlLO, 4.97 32.78

Fe,0; 3.82 8.35

SO, 2.32 0.73

K,O0 2.07 —

MgO 1.68 0.92

SiO3 — 1.21
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Table 3 Mixing ratio of fiber concrete raw materials

Raw material Cement Fly ash

Granite

Sand Fiber Deionized water Water

Mix proportion/(kg-m) 376 94 740

1022 7.95 4.68 164

x4 WRERBEESELR
Table4 Acronyms and corresponding
descriptions of samples

Acronym Description

BF Basalt fiber

PBF Pretreated basalt fiber

K/PBF KH550 modified pretreated basalt fiber
K-S/PBF  KH550-Si0, modified pretreated basalt fiber
K/PBF-C  KH550 modified pretreated basalt fiber concrete

K-S/PBF-C KH550-Si0, modified pretreated basalt fiber concrete

PBE-C Pretreated basalt fiber concrete
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Fig.1 BF modification and the preparation process of concrete specimens
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Table 5 Tensile strength and elongation of BF, PBF, K/PBF

and K-S/PBF
Fiber class Tensile strength/MPa Elongation/%
BF 3845 2.81
PBF 3925 2.74
K/PBF 4083 2.74
K-S/PBF 4132 2.74
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Fig.2 SEM images of nano-SiO,, KH550-SiO,, K/PBF and K-S/PBF
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Fig.3 XRD patterns of PBF-C and K-S/PBF-C
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Fig.4 Changes in the quality of PBF-C, K/PBF-C and K-S/PBF-C after attack by sulfate solutions
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