Hans Journal of Civil Engineering =K T.#2, 2026, 15(1), 69-77 Hans X
Published Online January 2026 in Hans. https://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2026.151009

REE MR AN N EEE SERENT 5
Fe B

Fﬁ}t‘f’%_’l*’ *i'%:ﬁla ig*ﬁ]l’ %EZEI, %ﬁgll#

TR TR A TR SRS, Wk R
PRUUKE IR TR BRI, W I

Weks . 20254F12 130 F#HER: 20264F1H3H; KA HM: 20264F1H 16H

H E

AW ouiEE B BEAFSI/Al. W/BRINa/AIBC L, RS T P B AN KEEMBSY S %E60R.
MERBAT AL W, ERRY, BETEERI dBEEK, 3 dBERECE28 dXI70%M L,
7~28 d¥IEA R 10%. & A EAR B & B KL AERE TR A SR S B NES
FEREETLER BFE EBRW/BAR 4 T 5 72 AR S A A EE LA, MHEHRERT . RO
H—SFRH, HREUNETERIMNEREPTAEI0C~480CXH, 28 dNBREMN N3 AL
7.7%~19.7%. SAERHAKEZMESMES “EHRERES. BHSBEE” NIE, TR
S BIREEKIE.

XA
REBEMBEY, 1R MUSH, Riaets, et

Influence of Curing Time on the Mechanical
Strength and Composition Structure of
Fly Ash-Based Polymers

Weitao Lu?’, Yuxuan Du!, Xintong Wang?, Lianjie Mao?, Yigie Dong1.2#

1School of Civil Engineering and Architecture, Wuhan Polytechnic University, Wuhan Hubei
2School of Resources and Environmental Sciences, Wuhan University, Wuhan Hubei

Received: December 13, 2025; accepted: January 3, 2026; published: January 16, 2026

i (=
FEIEE

XEGIF: M, T, T8N, BER, HAERE. RESH RS 1500 5 H i aE M 2 SR R R R ).
+ARTHE, 2026, 15(1): 69-77. DOI: 10.12677/hjce.2026.151009


https://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2026.151009
https://doi.org/10.12677/hjce.2026.151009
https://www.hanspub.org/

Bli ki 25

Abstract

This study investigates the effects of curing time on the mechanical properties, microstructural evo-
lution, and thermal behavior of slag-ash-based geopolymers by designing mixtures with different
Si/Al, W/B, and Na/Al ratios. The results show that strength development occurs mainly within the
first 3 days, during which the compressive strength reaches more than 70% of the 28-day value, while
the increase from 7 to 28 days is less than 10%. With an appropriate mix design, the material gradually
evolves from an initial structure containing hundred-nanoscale pores and spherical particles into a
continuous and dense amorphous gel; however, excessive alkali or an improper W/B ratio leads to the
formation of needle- or rod-like alkali crystals and interconnected pores, which hinder later strength
development. Thermal analysis further indicates that the main exothermic polycondensation occurs
within the 30°C~480°C range, with the 28-day enthalpy release being only about 7.7%~19.7% of that at
3 days. Overall, the results demonstrate that slag-ash-based geopolymers exhibit a characteristic
“rapid early polymerization followed by slow densification”, providing guidance for optimizing key
mixture parameters.
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1. 5|15

TEROR R AR &, SIALL Na/AL AT WIB S35 fil B IS . g5 B3 R T S 1 A MR R 1) 5
MCEE 2801 [2]. VIKSBEE N EMBRISUR R, HARECR A 2 [F] I 52yl SifALL Na/Al EE & pH, AT
LR I H 5455 AT R3] [4]. AR, NaOH WL /KBEEBIERK i L S5 B — R 3R
#4x . 2E Ro M SR A o E S O 45 R[] [6], FRFRH T ¥ & B IEL LY, NG S T iR A T 3
wh[71.

SR, B TAEZHEH TRIEKEN B R, SRR IR R E S A T SoRA 5y ) H LR
SRR ERL, TE SI/ALL Na/Al 5 W/B Z R FZREEH 1 125 Re . O A R & #viasE MR A
785 [8]o FERRAFIFFA R IA T RS SIS “ R, 57 BRI S O, AL
G ZGR AT € B 7R[9] [10].

BTk, AWFFOERUL R A S R DA AT IR, LI B S BRI % R R SR A,
SR FH R B 7V AN R SIAL Na/AL S WIB 414, A 3d. 7.d #1128 d W A PTER AL . P sme,
HFIH SEM #1 TG-DSC RALHMMIEH SHATH, B IER /R IKE R G IEA R R0 7] T (158 B
RS AERFEAFIE, A S [ PR R AR R W s AR AR 2%

2. MBS
2.1 B
IRAEHE R A SR A 6], BT A A HE (I, R SR P i . SRR 2 K PR
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ek, KR4 2~10cm, HEFRLLER S W 1. Si0, 5 AlLOs &/ EZ fKT 80%, kek&E/NT
2%, RP\HLIEHAESBANYINE, IS ERIR, EEIE R AW 2R . BT P
B XRD MRIRTS, ATS BRI 1 R . ERECGHEE, ST AR R % . & Jade 6.5 5 JCPDS
Fodt, FEFYINATE. FORA . AR

SEIGTHF AR 2 B A 105°C AR L S5 AT IR A 2R I0 BT 75  AEK HUB T B 2R E E R AR, JETEAT
A RBREEHLF L 550 r/min EREE 25 min, 15 375 B O 400 5 5% BHEAF .

Table 1. Chemical composition of coal bottom ash (wt%)

F 1. FERIRERERL S (W)

REEL TR Si0, Al,Os Fe20s K20 Ca0 MgO Bk B oAt
Rt 59.93 22.98 7.90 174 2.16 1.28 0.25 3.76
! 147 3

2-BERAT
3T
AR
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Figure 1. XRD pattern of the coal bottom ash
1. IGERRIN XRD #4940 5% Bl

R B EARIEE T S ENE 2, AL 39.0%, WAL 42.6%, ML 2) 14.3%, R
2] 4.1%. BRIGEERIPIZITIRE A Z) 1600°C, iAW e iR FRONRRE, i KIE AR R A0 K. it
P R A

Table 2. Semi-quantitative mineral composition of coal bottom ash

#2 REDETYANNFEESE

up ) ¥ W5 5 (%)
K FE Sio; 39.0
YR kA AlgSiz013 42,6
Wik NVl Al2[Si4010] (OH)2 14.3
K TR Fe203 41

EHEBEYE RS, EEM SiIIAl — &N 1.5~3.0, Na/Al BE#H7E 05~1.0 HE 1 7141, AiREBIK
R ALOs &8N 22.98%, A HB BARAMINARTR, 5 2 e LB R 1 [H] I BT B RAR

2.2. WA
FeBET 2 E B A S B A IR — € TS & B % AV R A WA (i, BARRC & L L&
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Table 3. Mixture proportions of coal bottom ash-based geopolymers
3. WEEMRESYREL

FE b Si/Al Na/Al W/B
s1 2.666 0.687 2.422
S2 2.732 0.618 2.770
S3 2.854 0.763 2.045
S4 2.471 0.719 2.816

FREX NaAlO: [l % T & £ B 1K, 7RI MR 4@y b 218 I A\ FCH) NaOH
L EPIEFRRE, RO TR 1k B AGE — U SNZEOR R, AR R T
PR TR RO R 2 0 . Bt R SR IR R L & N T B, AR BRI R SRR I A TE E K
BB (R AT 3.3, CHZRER T %), s d i HE2) 3min, DLAORRA D HBIS5 . RN78
I3 o FEH TS BT RIRE IR AR 3 AN TT R (20 mm x 20 mm x 20 mm),  GESRIN {8 AR N &y AR I
2~5mm, VMBS LERF, Wk 2 s,

Figure 2. Six-cube mold forge polymer specimens
B 2. RERZFHRIRERE

MRS R S R GARREY LR AR BE TR I 80°C, Rt A S el L, A AN R HERR 2 38
FLIFE 2 . BUE Ve T I EI 9 PT R SR . ikt St i A, SRR R LRI AR TR A AR AT 2
PGS SRR, (e RH, RrEANIRES,  FRRIERIEOROT s S  E ER A, fEE ERLA
Frs

J A JE D AR AR AR TR, AR R ) R BT 80°C SN T RAE AT 24 h #A5R
1o WA R R A IR ABRHETR I AR (25°C L HIXHREZ) 98%) 4k 8 57e, ZhIY] 28 d IR A LA
H 73 RE I8 A L2t AT I 0 PR 0 s 5 2 ik

3. LRI
3.1 FEFPRETHRERERRAE

3 ER, KEFEWIEESWE 3d EIEREH . 3dPrEsEE T imiEs 28 d i) 70%, 7 d~28d
UNEIEK, 24)5.4%~12.6%, 2T “Fom” , HHREREEEEPER.
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Bl 4 AR B b T A VAR BT 5 P RE B U8 AR A T R HE 0 22 S MR REAE, T W ST
JESREERML: 3 d WL HRE A S 28 d BRI 70%~80%, 7 d~28 d {UZE1B K, 15 BB 22 [ bk T
BRSE T B YERE, S ISR A PRI 2 . PLTOR A S R R P RIVE T, A2 XA BURR R I8 )
JE R AEREYEWT R . OB R S VIR B ) B S TR AR ), BUATRBE TR T hUR SR, X5 A
H L SURAFLBT iz i 2 B R R O

BT 3d W, fRSE - RS RSP = 4E M 4, T RIIA R B B AL s B S 46 SR S LR o i 45 R R A
AR, PUPTREENE AR T, (B SUR ST B X LS A B, S EUS R TH IR A TR

3.3. SEM A siE L

IEEL 3d A 7d B S1. S4 AFEIEAT SEM RIS HT, SLikER 4 R 5, S4 iR5e 45 R4 6. 3
d i, S1 Wi B BOESL IR GYIHAR, BRI, JRAAE R 7 2445 . K H Microscope £ihD 234
TR GR35 2R EGE P LBy 7.19% . FEAARSR T HICH A & PURBURL I BLATR 20 8 9K (I BRTE Rk
FH/NFLIR , BRIE RO 22 A ORI i AR JE R B I “A%7 o BRI I, ST 3R I BRIE ROkL 2. 2 k2D,
PURBUR S ME B 2 TP R80%, MR ER— T e SR IX, A /D ET4i544%, LB LA
N LA E, SHBCNEUE.

(a) S1-3 d-1000 times (b) S1-3 d-5000 times (10,000 times)

(c) S1-7d-1000 times (d) S1-7d-5000 times (10,000 times)

Figure 5. Micromorphology of S1 at different curing ages
B 5. TREIFFETEAT S1IXHERYRMIMNE

S4 fEM I T RO ESIM R 25T S1, 3 d i, HARM-FEERIR, R EhELRE
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TEIERREARL, BILRRECEZ HJE E LR R, 7d I, S4 73R REHIEERL, I I &R
BERBEIRB R AR . IX e G AR 2 DIACIRERPPIRIA 78 FLIR, 5 BB S S 8G B 2 LS E S5 1 Kl
PaE R tt@EE, HI9 T e HECELEE . R Microscope 3RS R AMIRAG RS IRI43 W15 5 S4 2448t
i Bl 5271 31 12.53%.

(b) S4-3d-5000 times (10,000 times)

(c) S4-7d-1000 times (d) S4-7d-5000 times (10,000 times)

Figure 6. Microscopic morphology of sample S4 at different curing stages
B 6. FEIFFHFMER T4 S4 BORSNE

Al A HE SiIAL. Na/Al 5 WIB HA A FI T H I GRS SR M e e R, R BRI/
FLBRZ N 5L, SREERERS M Ra e K, Bl B ml K e U AR 24 00 5 A B FL IR A BRR Bl 4, BELAS
B, & S4 F1PERE R AR HL S BA5R EE  EA BR ) 3 RO R A

34. R EMERTSN

73 S1 5 S4 A[HEEHAR TG-DSC ik, 7T )L 30°C~230°C. 230°C~480°C i 480°C~1000°C —/>F &
REH B HEREMRBEA R FEETERY. 5k 4 iR, 30°C~230°C A/KI IR SR 4R 10 E /Y
B, SR B AP T R, BEIOREE 7 /K 46 58 CAE TR vh 5 R 280°C~480 C IR BLIE T 570 W0 70 Ak
B SR AR A I T, R RIS T (A B RS 5 ;- 480°C~1000°C EZNBAR G HIKIBERR, i3]
WRTERI Y, JUHE S4 BER, SRS AERE, [t S4 Jta R AR T S1. BRI AR EIL W %, 28
d 5 3d [ 7.7%~19.7%, IIEF MRS EONRIZL. AR, S1 83T S4, RUIHS IR 5410
Wiy, T S4 R RN R, (HIRSERAL, S SEM B B RBURLAER S A — 2, BRI 5.
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Figure 7. DTG-DSC curves of fly ash-based geopolymer at different curing ages

7. mEEMBEVEFPREAERER TH DTG-DSC #hk

Table 4. Weight loss rate of coal bottom ash based geopolymers

4. REEMREMHLER %)

bzl S1:3d S1:7d S1:28d S4:3d S4:7d S4:28d
30°C~230°C 4.96 452 413 6.28 6.09 4.19
230°C~480°C 1.72 1.90 1.93 2.30 2.20 2.43
480°C~1000°C 1.66 1.77 1.29 1.59 1.60 1.48
MR R 8.34 8.19 7.35 10.17 9.29 8.1
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Table 5. Enthalpy change of coal bottom ash based geopolymers
5. WEBEEMBEYRET

Fre S1:3d S1:7d S1:28d S4:3d S4:7d S4:28d
J&ARE AH (J/g) -1662.72 -372.74 -324.77 —1254.35 —332.52 —-96.03
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