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Abstract: To promote the resource utilization of industrial solid wastes in highway drainage pipeline backfill, this study uses
fly ash (FA) and ground granulated blast furnace slag (GGBS) as the base materials, and introduces flue gas desulfurization
gypsum (DG) to construct a ternary alkali-activated composite system. The mass ratios of GGBS to (FA+DGQG) are set at 70:
30, 60 : 40, and 50 : 50, with DG content ranging from 0% to 12%, and the modulus of the alkali activator at 1.0, 1.2, and
1.4, resulting in a total of 45 mix proportions. Unconfined compressive strength tests are conducted, combined with X-ray
diffraction (XRD) and scanning electron microscopy (SEM), to investigate the effects of DG on the mechanical properties
and microstructure of the material. The results show that the strength first increases and then decreases with the addition of
DG, with the optimal dosage being approximately 6%. The S60 group achieves a 1 d compressive strength of 14.48 MPa at
6% DG and a modulus of 1.0, which is about 23% higher than that of the control group. As the activator modulus increases,
the compressive strength decreases significantly, with the strength of the S60-6%DG specimen dropping from 14.48 MPa to
1.50 MPa. The specimens containing 6% DG exhibit the fastest strength development within the first 3 days, with the 3 d
strength reaching 76.92%-79.70% of the 14 d strength. Microstructural analysis indicates that an appropriate amount of DG
can promote the formation of ettringite and C-(A)-S-H gel, thereby improving matrix compactness, whereas excessive DG
leads to sulfate residue and reduced gel phases, which is unfavorable to later strength and structural stability.

Keywords: Highway drainage pipelines; solid waste backfill materials; alkali-activated materials; FGD gypsum;
compressive strength; microstructure
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Table 1 Physical properties of raw materials
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Specific Particle-size parameters
Sample .
gravity  D10/um D50/pum  D90/um  STD/um
FA 1.84 2.683 12.793  83.746 4.08
GGBS 2.60 2.034 12423  37.658 3.41
DG 1.88 4767  13.139 82427 3.22
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Fig. 5 Particle size distribution of GGBS, FA, and DG
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Table 2 Chemical composition of raw materials

T/ % )
CaO  SiO, ALO, SO, Fe,0, MgO
Content
GGBS  36.82 26.75 19.66 - 0.32 11.1
FA 3.7 47.7 37.53 - 4.55 0.94

DG 34.75 1.93 0.4 4127 026 0.26
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Fig. 11 Compressive strength variation with curing age
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Fig. 12 XRD patterns of geopolymers with different DG contents
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