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Hydration mechanism and carbon footprint of formic acid modified coal

gasification slag-based backfill material
GUO Qiang', ZHANG Jixiong'?, HUO Binbin'"?, LI Meng'*, ZHOU Nan', LIU Sixu'
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and Technology, Xuzhou 221116, China)

Abstract: The application of coal gasification slag (CGS) as backfill materials is hindered owing to its low hydration reactivity which res-
ults in insufficient strength performance of cementitious materials. This investigation applied formic acid to modify the surface of CGS in
order to enhance the reactivity of CGS, and the mechanical properties, hydration mechanisms and carbon footprint of the formic acid modi-
fied CGS-based backfill material (FCM) were further investigated. The results show that after formic acid modification, part of the calci-
um carbonate and anorthite in CGS react with formic acid to form calcium formate, producing in-situ pores on the surface of CGS
particles. The optimal formic acid dosage is 4% of CGS. At this dosage, the specific surface area of CGS particles increases from
6.32 m%/g to 9.35 m*/g, and the total pore volume increases from 0.034 2 cm’/g to 0.040 1 cm®/g. Consequently, the 3 d and 7 d compress-
ive strengths of FCM are nearly doubled, and the cumulative hydration heat at 72 h reaches a maximum value of 81.08 J/g. However, fur-
ther increasing formic acid dosage decreases the hydration activity of CGS and mechanical properties of FCM, owing to the additional re-
action products covering the CGS particle surfaces, resulting in the bridging and agglomeration of CGS particles, which hindered water

molecules in FCM from penetrating the particles. Additionally, the carbon life cycle assessment revealed that substituting cement with 4%
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formic acid modified CGS reduced the total CO, emissions of FCM by 376.16 kg/t compared to that of the reference group, significantly

lowering the carbon emissions and achieving carbon reduction targets.

Key words: coal gasification slag; backfill material; hydration mechanism; modification; carbon footprint
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Table 1 Chemical composition of CGS, CG and PC %
=i o(Si0,) o(A1,05) o(Fe,05) o(Ca0) o(K,0) »(MgO) »(Na,0) o(Ti0,) (S0;) LOI
CGS 57.31 23.43 3.04 2.81 3.52 0.85 1.86 1.69 0.35 5.23
CG 56.26 25.35 3.08 4.45 5.69 1.08 1.91 1.73 0.45 —
PC 28.71 8.45 2.36 50.87 0.74 2.05 0.74 0.69 1.35 4.08
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Table 3 TG quantitative results %

5] o(C-S-H/Af) ©(Ca(OH),) w(CaCO,) EFTEHIKSE

FCMO 5.33 0.71 15.40 25.02
FCM4 6.21 2.27 16.59 28.72
FCMé6 436 233 17.48 28.14
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Table 4 Carbon emission factors at different stages

BBt TR A = JEAA R B ™= iz A ISR
el A 7 Ca Ca Ca Cu Ces Cy Ca G Co Ce
KU/ (kgCO,e/t) 62.35 2.18 720.00 735.00 0.17 1.10 1.50 2.32 -2.10 —2.45

R5 FCMRHEAHER

Table S Analysis results of FCM carbon emissions ke/t

75 C, C C, C C
FCM(R) 496.58 124.85 2.86 -20.86 603.43
FCM4 187.49 118.72 243 -81.37 227.27

H1 & 5 AT %, FCM M HE i 2 2005 B /K e 4:
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I 4% R BREME CGS B4R 60% 7K e, #H L
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1 AL 6.32 m*/g N %) 9.35 m/g, i FL B AR
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