45 55 3 )
2026 4F 5 J

P R A2 40 (A ARBE A AR)

Journal of South-Central Minzu University (Natural Science Edition)

Vol.45 No.3
May 2026

R T 0 R R B 5 B M0 B 42 0 /4T SR A
B4 EELHZN

(PERERY: o W SHEERE; boWIbE B4R TS Ba TRE ARG O o AL S RETR AT RME
HE TR A w3 430074)

W OE ONIFES B PVA SR YR (GPP) MRS PVA S 4E M & A £ 4k (GPPB) RV S BT AL I o8 B A
b FH 4R B TR i i 2 DL s B4 2k, SR XRD \SEM | BET 28364 Bt , WF5T T b 75 R T 12 16 R Rl I 7
S AR TP RO S R A4 O AR L G52 R B : GPP 5 GPPB MR WP (1) Mn Zn .Pb . Cr.Cd \As .Cu Ni 55 4 &8 2 1=
IR EERF A GB 89781996 brife , IRIB LT HE b R WIHS I GPPB MFLAE BEHE T AR 41 4 b R Wb 3% GPP.

KRR HIRPIESIE UL W ; VRALE FR
FESES TQ578.1 XHEMFRER A XEHRS
doi: 10.20056/j.cnki.ZNMDZK.20250813

1672-4321(2026)03-0306-09

Effects of simulated acid rain and freeze-thaw cycles on compressive

strength and heavy metal immobilization of geopolymer mortar
WANG Ying, LI Yingying ,ZHANG Xue, JIN Shunbo,ZHAO Binni, LI Jia"

(South-Central Minzu University, a. College of Resources and Environment; b. Hubei Engineering Research Center for
Prevention and Control of Heavy Metal Pollution; c. Key Laboratory of Catalytic Conversion and Energy Materials

Chemistry of Ministry of Education, Wuhan 430074, China)

Abstract To explore the changes in compressive and flexural strength of geopolymer mortar mixed with PVA fibers (GPP)
and geopolymer mortar mixed with PVA fibers and basalt fibers (GPPB) , as well as heavy metal ion leaching, mass loss,
and strength degradation, characterization methods such as XRD, SEM, and BET were used to study the microstructural
damage evolution of the mortar during acid rain immersion and freeze-thaw cycles. The results showed that the leaching
concentrations of heavy metal ions such as Mn, Zn, Pb, Cr, Cd, As, Cu, and Ni in GPP and GPPB geopolymer mortars
complied with GB 8978—1996 standard. The freeze-thaw resistance of the mixed fiber geopolymer mortar GPPB was
superior to that of the single fiber geopolymer mortar GPP.

Keywords geopolymer mortar; simulated acid rain; freeze-thaw cycles
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Tab. 1 Chemical compositions of EMR, PG and GGBS

AR A S Y A 53 B %

YNGE D

Si0, ALO, Ca0 Fe,0, S0, MnO P,0, K,0 MgO Hib

EMR 18.51 1.94 14.26 7.25 29.47 4.87 - 0.45 1.89 21.36

PG 10.22 1.59 26.70 0.58 38.54 - 1.49 0.83 0.20 19.85

GGBS 31.37 16.22 38.28 0.27 2.03 0.55 - 0.45 9.37 1.46
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Tab.2 Composiition and properties of test samples
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GPP 200 40 160 0.7 0 35.8 7.0

GPPB 200 40 160 0.4 0.4 36.8 7.9
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Fig. 1 Compressive and flexural strength of GPP and GPPB under acid

rain immersion at different pH for 24 h
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Fig. 2 Variation of heavy metal ion concentration with time at pH 4. 5
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Tab.3 Mass loss rate after different freeze-thaw cycle days
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Fig. 6  Micro-morphological changes in GPPB geopolymer mortar after 5-30 d freeze-thaw cycles
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Fig. 8 BET analysis chart of GPP and GPPB
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