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Compressive strength and microstructure of fly ash geopolymer
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Abstract: The effects of water glass modulus and water-binder ratio ( the ratio of water to the mass of fly ash) on the macroscopic
mechanical strength of fly ash geopolymer were investigated by unconfined compressive strength test. Scanning electron micro-
scope and X-ray diffraction were used to explain the internal mechanism from a microscopic perspective. The results show that
both the modulus of water glass and water-binder ratio have an important influence on the mechanical properties of fly ash
geopolymer. When the water glass modulus is 0.8, 1.1, 1.3 and 1.5, respectively, the unconfined compressive strength of the
fly ash geopolymer sample is increased first and then decrease. When the water glass modulus is 1.1, the mechanical strength is
showed an optimal level. When the water-binder ratio is 0.28, 0.30, and 0. 32, the mechanical strength of the sample is showed
a decreasing trend. The fly ash glass body is dissolved in an alkaline environment, and the depolymerization-polycondensation
reaction is occured between the substances. N—A—-S—H gel substance is acted as the reaction product and played the role of filling
the pores. When the number is 1.1 and the water-binder ratio is 0. 28, the hydration reaction in the system is fully carried out,
more gel substances are produced, and the structural integrity improvement effect is the most significant, and the macroscopic
mechanical strength is the highest.
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Tab.1 Chemical composition of fly ash %
gy $i0, A1,0, Fe, 0, Ca0 K,0
TR E 54.94 34.86 2.52 2.63 1.76

KB (Na,SiO; K ¥, B B SMMSE A RA ) , B & W B 2 84 0 33.73% , B R I3k
20 PARKBRIREON FEATR R A 5O NaOH (A2, REE AL THRAR) . UCS K58 B
# YAW-4306 B SRl (St Tl R4 (R E) ARAFD) o
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Fig.1 Characterization of fly ash feedstock
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Tab.2 Water glass related parameters

W/ (grem™3)  Na,O RERA¥U% SO, RRAM/%  H0 REABUL  HEM
38.00 9.03 24.7 66.28 2.82

1.2 AF

ST K B RORI K JBE HERS S [ R4 8 0 o JAE 0 e 3R -7 s 5 B 2 AWML 2 M B R i, B T 2
WG E S BROR A IR K B BB I 1.0 ~ 1.5, JK B HLER 0. 29 BT AT 4R75 5 i
Jr2sm B, R I BEE T 4 RN IR B AR%(0.8 1.1, 1.3 1.5) 1 3 A ARIKREEL(0.28, 0.30,
0.32) , LUBYBEIR FIK B 38 4 SRR 2 by AR i SR A it , a2 R 2% 1R 1 45 3 W B g 2 4 R W) )
AT RIS RBCF MR . MEFRI RN 7. 14, 28 d BHIKAE UCS {H

1) UCS 1% : 1 T30 R 7E [ P9 i oKt 5 R B , 275 [ oA o (3 Tl TR 5 2 M BB A8 T vk
FRE) (GB/T 50081—2016) "™ il Shi %5 (iR B Jr i , FE AR LN A I 10 mm/s .

2) MR B 25 AR 1 em® (AT SRAGAREHEAT B BT OL SR , IR i B 43 R B S O o
0.075 mm i B IRFERY AR ZEAT XRD X5 , FIROWT-BEXT AN R 4544 T by M i 3 49 1o 40 2% O 0 2
N TE LB AT A R o
1.3 KIRIBEHORE

i NaOH [EIfAXT Na,SiO; ¥ WACECHEA T8I il i XY SSC /K S R ) 12 oL PR e U SR -5 Fl e i
B o BRI MR EK IR S0, 5 Na,O IRIGRZ L, SKBIBERIORIEE | BhdhsaE
FE LR A B Na,SiO, ¥ 1A NaOH [E {4 BT #EAT b2 B A iR K (1) BiR'™, iR
PEAERI TSR, KBRS B T 75 AN N B [ (A NaOH. 4 it B 73 ¥ =k 3 B o

Na,SiO; +2NaOH ==Na,Si0, + Na,0 + H,0 , (1)

R3 KHEBWMERFI AN NaOH KRR S H
Tab.3 Amount of NaOH added when modulus of water glass is adjusted

M 0.8 1.1 1.3 1.5

NaOH Ji & 43%/ % 29.4 18.2 13.6 10.3

1.4 XEHH
TRAE LUBHE IR RN ZK 3 38 0 JRORE, B SRR X FE x 8547 100 mm x 100 mm x 100 mm F¥3 ik, B
AT
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Fig.2 Relationship between different water glass modulus and water-binder ratio and sample strength
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Fig.3 Microstructure of samples with different modulus curing for 28 d
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Fig.4 Microstructures of samples with different water-binder ratios curing for 28 d
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Fig.5 XRD diffraction patterns of samples with different water glass modulus and water-binder ratio
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Fig.6 Schematic diagram of formation process of fly ash-based polymers
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