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Abstract

This study systematically investigated the potential for resource utilization of biomass fly ash and
bottom ash in cement-based materials. Through tests of pozzolanic activity indices and analysis of
compressive and flexural strengths, the study revealed the evolution of pozzolanic reactivity and
the modification mechanisms of these ashes. The results indicated that the pozzolanic activity of
biomass fly ash is significantly lower than that of conventional admixtures. The 28-day strength ac-
tivity index of fly ash decreases linearly with increasing dosage, primarily due to insufficient reac-
tive silica and alumina phases and the pore-deteriorating effect of unburned carbon particles. In
contrast, when biomass bottom ash is used as a fine aggregate to replace river sand, pre-wetting
treatment triggers an internal curing effect that significantly optimizes long-term performance,
with the 28-day flexural strength exceeding that of the control group. Compressive strength exhibits
a threshold effect: when the substitution level is below 10%, the 28-day strength remains above
95% of the reference group; however, at a 15% substitution level, strength drops by 13% due to
pozzolanic dilution and pore deterioration. Based on these findings, a tiered application strategy is
proposed: fly ash is suitable as a supplementary cementitious material (dosage < 20%), while bot-
tom ash can safely replace up to 10% of river sand in load-bearing structures. For higher substitu-
tion levels, mechanical activation or chemical activation is recommended. This study provides the-
oretical and technical support for the low-carbon utilization of biomass solid waste in building ma-
terials.
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Table 1. Physical properties of natural river sand

1. RIRRPRIYIER M &8
WX E(mm)  HEREE (kgm®)  RBWEE(kgm®)  RIAETKE%) WK 28(%)
b 0~4.75 mm 1512 2583 0.04 1.12
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Figure 1. Particle size distribution curve of biomass ash residue
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Table 2. Grading of crushed biomass ash residue

2. WIEEEYRIGERRE

fiii fL R ~F (mm) 4.75 2.36 1.18 0.6 0.3 0.15
I3 R R (%) 0.4 21.2 14.4 18.0 14.0 9.4

Table 3. Physical properties of biomass ash particles
3. YRGB TR IR M AE

F42 X 7] (mm) HEFHE FE (kg/m?) FMEE (kgm®)  KIREIKER (%) W 7K (%)
AW 5 K 0~4.75 mm 1098 1806 0.53 11.01
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8 B A B AT B AUK RN, KT IR RS &, BAE A (40 mm x 40 mm x
160 mm). b FBEFENLIZ LU RE P REAT ke, SR T b, EtAMASREL, FMARER R, 1T
WA EERER L, LI ETARE; SCRIIFEiPLEs, SeiEsirt 30s J5, R = 30 s TR A £
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I AL IR 53 W 2 B N, A A e UR AR S 60 4, LIRS 120 IR, RETEHREHERE, HERER
TP, RECPFREAETE 3 K WETEINKEC A H ik 4 Fis

Table 4. Biomass fly ash activity test mix ratio

4. EMRCIGEMEMAEC AL

25 KUE(g) PRUERD (g) HERTE K (g) 7K (ml) H5(%)
1 450 1350 0 225 0
2 405 1350 45 225 10
3 360 1350 90 225 20
4 315 1350 135 225 30

# R IRIRAEARE TR A B N (GB/T 17671) [7]5747 %2 28 d, %M€ (GB/T 17671)73 7 7€ Xf Le i ih
ARIS D PR R, AR RO A XD IR, SRR E 1%.

H,y =2 x100 )
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R——iRIG D 28 d PUESRE, AL NIEIH(MPa);
R,——XTLLARHD 8 d FUIRumAE, A7 NIRIF(MPa).
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Table 5. Cement mortar mix ratio

5. KERRELALL

2531 KIE(2) b (g) AT K (g) Kml)  AFEFIK(mI) H#5(%)
1 450 1350 0 261 0 0
2 450 1282.5 67.5 261 3.23 5
3 450 1215 135 261 6.45 10
4 450 11475 202.5 261 9.68 15
4. BRI
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Figure 2. Compressive strength of biomass fly ash
E 2. £YRCRERE
Table 6. Biomass fly ash activity index
6. VIR CRTEMEIEH
W 10% W 20% W 30%
28 d 80% 73% 60%

RHEFR 6 FIREE R, WB 10%EWF CIKHI R EETE R BUN 80%, P15 20%EW 5 KK A 5 P i
FRECN 73%, W1 30%AEMR CIKIIBREEPEIRECN 60%. TTLAMLEER MY KIKIBEM 10%18E 5
30%H0, SEFEVEEFEEE 80% & 2 60%, EIEEFEKB KR BERIIN 10%, 58EHRKL 6.7~13.3
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MTE 10%35 EI TR RE 80% 50 g, W EHH THhbG . BEZA SKE ZORMCM M, WA NHEh
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s PUTIEEIIE 3 foR; PUREHE IR 8 fron, Uk LB alE 4 frors.

Table 7. Anti bending data of cement mortar test blocks
= 7. ORE RIS B

) 3d 7d 28d
KB NIKE(MPa) 4.7 5.3 6
W1 5% (MPa) 4.5 5.7 6.1
M 10% (MPa) 4.4 5.7 6.3
M 15% (MPa) 42 5.5 6.3
8 .
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Figure 3. Flexural strength of biomass ash residue
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MR BB DS R, AWK R PR SR R IR, BARE 3d i, WA
HUSAR XL 7 d WIS, LA AE 15%EM K U B AT X 4L HAE 28 d B, M
% 5% 10%. 15% LV I HLaT 5 B 15 v TR B K I L4 9852 (6 MPa), LT3R L7 N 6.1 6.3+
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6.3 MPa.
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Table 8. Cement mortar compression data

3 8. KRR RIMERIRE

2H 5 3d 7d 28d
KIBNIKHE(MPa) 224 32 43.1
W15 5% (MPa) 22.1 30.8 41.1
% 10% (MPa ) ) )
W5 10% ( 21.8 30.9 412
% 15% (MPa ) ) 7.5
W5 15% (MPa) 21.9 30.1 3
50
*éAmﬁ
R #:5% 43.1
0k W?’;‘lo% 41.141.2
HEH W#515% 7.5
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Figure 4. Compressive strength of biomass ash residue
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M 4 T LSRR, NBE 5%~15%0F, 3 d JURBEERBAHFK 0.3~0.6 MPa, {HIBE 15%HHf
TRIEHS ST 10%2H, R BT Rl i AR BHE AR UR AN A IR . B 5%~10%I1) 7 d SREERE
IEARBHE, (H15%5EHBERERK UHSBE T KUKRNMARS B BE < 10%8, 28 d
PRIERFFARIBAN) 95.4%~95.6%, 1M 15% 52 HMEEIRIEE 37.5 MPa, B8 MEEA LRI,

AR IRE SR R, RAEKIEHREARBD, BIEEAS BRSSP, T8 UK
BT ARG, RPURSREE FREM B RN EVIRKIES 1 h TURSE, LB E K e KA
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