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Fig. 1 Schematic diagram of sulfuric acid attack mechanisms of fly ash-based geopolymers, fly ash-slag-based geopolymers, and
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Fig.2 Effects of silica fume and fly ash on the weight and strength of slag-based geopolymer concrete

under H,80, solution attacks'>”’
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Table 1 Comparison of acid resistance between geopolymer concrete and cement-based concrete

- . o B % | B %
FIEISES [ iRl R B8 b 39 Sk
GPC cc | GPC ce
70%PFA+30%POFA NaOH+Na,Si0, 2%H,80, 184 H 8.0 |200| 350 |68.0|[38]
100%FA+0%0PC 13.0 51.8
90%FA+10%0PC 18.3 48.2
NaOH+Na,Si0, 2%1,80, 1245 [24]
80%FA+20%0PC ) : 26.1 58.3
70%FA+30%0PC 34.6 66.4
100%F A NaOH+Na,Si0, HCI(2 mol/L) 8 )4 3.6 [39]
50%GBFS+50%FA NaOH H,S0,(pH=1.1) 140d 36.0 [40]
1009%FA NaOH+Na,Si0, 3%H,50, 4954 50.0 | 55.0 | [22]
80%GBFS+20%FA NaOH H,S0,(pH=1.1) 140 d 131 |200| 345 |[65.1][21]
100%GBFS 3.8 522
70%GBFS+30%FA 4.0 50.3
60%GBFS+40%FA NaOH+Na,Si0, H,80,(pH=0.6) 5 H 4.6 64.5 [27]
70%GBFS+25%F A+5%SF 4.2 58.0
60%GBFS+30%FA+10%SF 4.5 65.2
80%FA+20%GBFS 3.9 65.0
NaOH+Na,Si0, H,50,(1 mol/L) 365 d 18.1 95.0 | [18]
80%FA+20%0PC ' : 35 74.0
80%FA+20%GBFS 6.4 66.0
NaOH+Na,Si0, | CH,-COOH(1 mol/L) 365 d 16.3 98.0 | [18]
80%FA+20%0PC 9.6 81.0
100%FA 4.7 65.0
90%FA+10%0PC NaOH+Na,Si0, 5%H,S0,(pH=1) 90 d 5.4 60.0 [37]
80%F A+20%O0PC 8.4 53.0
100%NP NaOH+Na,Si0, 5%H,80, 9 A 39.0 |350| 580 |64.0][35]
75%F A+25%GBFS NaOH+Na,Si0, 5%H,80, 24 )4 8.1 | 142| 440 |68.0 | [41]
10%H,50,(pH=0.3) 38 |3715 54 | 644
100%FA NaOH+Na,Si0, 84d [34]
‘ 10%HC1(pH=0.25) 63 |18.0| 183 393
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F1 (4)
Table 1 (Continued)

- - LRI | EREIRR%
A9 {4 bl i b PRV T JE ol % Sk
GPC cC GPC cC
3%H,80, 8.8
100%FA NaOH 90 d [32]
HCl 5.6
NaOH+Na,Si0, 15 4.0
100%GBFS HCI(pH=3) 180 d 3.7 36.0 | [30]
KOH+Na,Si0, 22 5.0
65%FA+25%GBFS 5%H,80, 232 | 415
NaOH+Na,Si0, 8 J& [42]
+10%0PC 10%H,50, 262 | 482
NaOH 0.6 5.6
100%FA Na,Si0, H,S0,(pH=3) 56 d 1.2 7.6 [29]
NaOH+Na,Si0, 0.1 42
100%FA 1.7
100%RHA 28
NaOH+Na,Si0, HCl 90 d (28]
1009%MK 2.1
100%BA 3.2
100%F A 7.7
100%RHA 8.3
NaOH+Na,Si0, H,30, 90 d [28]
100%MK 7.6
100%BA 113
100%GBFS 3.6 29.0
75%GBFS+25%F A NaOH+Na,Si0, 10%HCl 56 d 2.0 3.2 31.6 | 383 [23]
50%GBFS+50%F A 15 8.0
100%GBFS 8.9 37.4
75%GBFS+25%FA NaOH+Na,Si0, 20%HC1 56 d 3.1 6.2 374 | 570 [23]
50%GBFS+50%F A 22 11.7
100%GBFS 1.6 17.0
NaOH+Na,Si0, H,S0,(pH=3) 180 d 9.7 60.0 | [31]
KOH+Na,Si0, 29 23.0
100%FA NaOH+Na,Si03 H,80,(pH=1) 48 d 13 21.0 | [36]
100%FA NaOH+Na,Si03 3%H,80, 180 d 1.8 20.1 200 | 40.1 | [43]
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Fig. 3 The appearance of geopolymer concrete with different nano-SiO, contents after being exposed to 5%H,S0, solution

for 6 months™'
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Fig. 4 Effects of Na,SO, concentration and corrosion age on the mass and compressive strength of geopolymer concrete
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Table 2 Comparison of salt resistance between geopolymer concrete and cement-based concrete

" e N BUin iR 0% | SRPET R /%
AT B AR WO I B i 41 Sk
GPC ce GPC | CC
70%PFA+30%POFA NaOH+Na,Si0, 5%Na,S0, 1841 4.00 | 20.00 -7.0 | 63.0 [61]
100%FA NaOH+Na,Si0, 3%Na,S0, 61 H 0.30 | 0.50 126 | 31.2 [43]
100%F A NaOH+Na,Si0, 5%Na,S0, 58d -0.50 | -1.70 -8.0 | 310 [62]
7%MgSO, -2.10 | -1.70 252 | 31.0
100%GBFS NaOH+Na,Si0, 5%MgSO, 180 d -1.30 | -1.40 15.1 | 27.9 [52]
3%MgSO, -0.84 | -1.54 80 | 7.0
5%Na,S0, -202 | 302
80%FA+20%GBFS NaOH+Na,Si0, : 360 d [47]
o 5%MgSO0, 33.5 | 405
5%Na,S0, -0.03 21.6
5%MgSO, -0.10 16.4
100%GBFS NaOH+Na,Si0, 12491 [46]
’ 5%NaCl -0.11 3.6
5%MgCl, 0.07 4.7
25%GBFS+75%F A -1.40 2.7
50%GBFS+50%F A NaOH+Na,Si0, 5%Na,S0, 60d -1.90 | 170 35 | 29 [51]
75%GBFS+25%F A -2.30 5.0
5%Na,S0, 6.97 12.6
10%Na,80, 3.80 17.4
100%MK NaOH+Na,Si0, . 284d (53]
15%Na,S0, 1.73 18.4
20%Na,S0, 0.97 19.5
10%Na,S0, 30 | 3.0
100%GBFS NaOH+Na,Si0, 61~ [48]
’ 10%MgS0, 8.0 | 18.0
5%Na,S0, 0.80 | 1.90 16.0 | 18.0
75%FA+25%GBFS NaOH+Na,Si0, 5%MgSO0, 24 J 170 | 2.40 6.0 | 14.0 [41]
5%NaCl 0.70 | 1.70 3.0 | 45
3%MgS0, -0.30 14.1
100%GBFS NaOH+Na,Si0, 1.5%Na,S0, 124 [56]
’ , -0.20 15.6
1.5%MgS0,
100%FA 1.30 6.7
95%FA+5%0PC 0.90 6.5
90%FA+10%0PC 1.00 10.6
NaOH 5%MgSO0, 120 d 1.80 13.8 [50]
85%FA+15%0PC 2.00 21.4
50%FA+50%GBFS 2.70 17.5
95%FA+5%SF 3.10 44.7
429%F A+58%MK NaOH+Na,Si0, 5%NaCl 60 d 10.6 [57]
100%GBFS NaOH 5%MgS04 28d 0.60 21.6 [58]
5%NaCl 3.40 323
5%Na,S0, 3.70 26.2
100%FA NaOH+Na,Si0, - 160 d [59]
; 5%Na,S0 -+
3.90 42.4
5%NaCl
80%GBFS+20%FA Na,Si0, 5%NaCl 150 d 2.00 43.4 [63]
5%MgS04 240 | 6.00 6.1 | 11.6
100%GBFS NaOH+Na,Si0, 90 d [54]
’ 5%Na,S04 0.70 | 2.80 58 | 17
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Fig. 5 Changes of compressive strength and elastic modulus of geopolymer concrete and cement-based concrete under different

seawater corrosion environments
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Fig. 6 Changes in internal pH value of geopolymer concrete

after accelerated carbonation by 3%C0,””
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Fig.7 Influence of fly ash admixture on the compressive

strength of geopolymer concrete under accelerated
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Fig. 8 Change of pH of geopolymer concrete and cement-based concrete under accelerated carbonation
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Fig. 9 Chloride ion distribution in geopolymer concrete under flowing NaCl solution and loading conditions
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Fig. 10 Distribution of free chloride ion concentration in geopolymer concrete and cement-based concrete
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Fig. 11 Changes of mass and relative dynamic elastic modulus of geopolymer concrete under freeze-thaw cycles of salt solution'
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Fig. 13 Degradation mechanisms or reasons of geopolymer concrete subjected to environmental attacks
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Research progress on the durability of geopolymer concrete

PENG Hui, ZHANG Bai
(School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: Geopolymer is a new type of inorganic cementitious material developed in recent years. It not only
realizes the resource reuse of industrial solid wastes, but also contributes to the reduced energy consumption
and greenhouse gas emissions, and is considered a green cementitious material with the potential to replace
ordinary Portland cement (OPC). To address the durability of geopolymer concrete, this paper compared and
summarized the durability performance of geopolymer concrete and cement-based concrete from four aspects,
namely, the resistance to chemical attack (salt and acid resistance) , carbonation, chloride penetration, and
frost resistance. It was found that geopolymer concrete exhibited superior chemical resistance, chloride
penetration resistance, and frost resistance, but slightly lower carbonation resistance than cement-based
concrete. However, due to the diversity of raw materials, the microstructure, mechanical properties, and
deterioration mechanisms were different for each type of geopolymer concrete, thereby resulting in large
differences in their durability. Under these environmental attacks, the deterioration mechanisms of geopolymer
concrete were mainly attributed to the dissolved hydration products, the formed expansion products, the
generated cracks, and the increased porosity.

Key words: geopolymer concrete; resistance to chemical attack; anti-carbonation; resistance to chloride ion

penetration ; frost resistance ; deterioration mechanism
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