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Preparation of cementitious materials from biomass power plant ash and the

application of cementitious materials in backfill material
LI Keji'*?, QI Tingye"***, FENG Guorui'***, WANG Haochen'??, WANG Linfei'*”,
HE Junjie"*?, CHENG Siyuan'*’, QIU Tian"*’
(1. College of Mining Engineering, Taiyuan University of Technology, Taiyuan 030024, China; 2. Shanxi Key Laboratory of Mine Rock Strata Control and

Disaster Prevention, Taiyuan 030024, China; 3. Shanxi Coal-based Resources Green-efficient Mining Engineering Research Center, Taiyuan 030024, China;
4. Shanxi-Zheda Institute of Advanced Materials and Chemical Engineering, Taiyuan 030032, China)

Abstract: The backfill technology using paste-like materials boasts advantages of excellent fluidity and high strength, ensuring long-dis-
tance transportation and pressure-bearing capacity, thereby facilitating its rapid development in the coal mining industry. However, its
widespread application is hindered by the reliance on costly cement as a binder. To reduce costs, current research explores the utilization of
inexpensive biomass power plant ash, processed through hydrothermal synthesis and low-temperature calcination, to fabricate a novel ce-

mentitious material as a substitute for cement in backfilling. X-ray diffraction and scanning electron microscopy are employed to analyze
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the hydrothermally synthesized precursors and the low-temperature calcined clinker, investigating the effects of hydrothermal synthesis
and low-temperature calcination on the phase development and microstructure of the novel cementitious material. Orthogonal experiment-
al design is adopted to systematically study the impact of various factors and their levels on the properties of the cementitious material,
identifying the optimal combination of factors for the hydrothermal synthesis-low temperature calcination process. The feasibility of apply-
ing this optimally synthesized novel cementitious material in backfilling is further examined. The results indicate that hydrothermal syn-
thesis significantly accelerates the reaction rate, and the precursor obtained via hydrothermal synthesis more effectively transforms into
active substances under low-temperature calcination. Optimal performance is achieved when the Ca/Si moral ratio of raw materials is 1.5,
the hydrothermal synthesis temperature is 90 °C, the duration of hydrothermal synthesis is 3 hours, and the calcination temperature is 850°C.
Backfill material prepared with a mass ratio of gangue : fly ash : novel cementitious material : water as 5 : 3 : 2 : 2, using the optimally
synthesized cementitious material, meet the requirements for compressive strength and flowability. This study concludes that the novel ce-
mentitious material prepared from biomass power plant ash via hydrothermal synthesis and low-temperature calcination can replace ce-

ment in backfill materials, reducing the cost of binders in backfill materials. This not only promotes the adoption of paste-like backfill min-

ing technology but also facilitates the utilization of biomass power plant fly ash as a solid waste resource.

Key words: biomass power plant ash; cementitious material; orthogonal experiment; backfill material; compressive strength
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Fig.2 XRD spectrum of biomass power plant ash
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Table1 Chemical composition table of ash from biomass power plants

TR %
JE R - )
Sio, CaO ALO, Fe,0, KO MgO Na,0 P,0; TiO,
27/ GEV A 50.64 15.55 11.13 7.05 4.88 4.06 1.59 1.24 0.91
JEATAT 55.56 221 31.00 4.94 1.64 0.90 0.31 0.12 0.85
IR 52.42 3.05 32.48 3.62 1.11 1.01 0.41 0.59 1.17
7Kk 22.27 65.90 5.59 3.47 0.70 0.81 0.27 0.07 0.31

B3 L4 & SEM K
Fig.3 SEM image of biomass power plant ash
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Table 2 Orthogonal experimental design factors and levels

/ TR
MV TR KA KR K R C
1 1.0 30 1 550
2 1.5 60 3 700
3 2.0 90 6 850
4 2.5 120 6 1000

®3 EXRHEIET
Table 3 Orthogonal experimental design table

s PSEELL  OKIAMREE/C KB/ BBEERE/C A7)

1 1.0 30 1 550 a
2 1.0 60 3 700 b
3 1.0 90 6 850 c
4 1.0 120 6 1000 d
5 1.5 30 3 850 d
6 1.5 60 1 1000 c
7 1.5 90 6 550 b
8 1.5 120 6 700 a
9 2.0 30 6 1000 b
10 2.0 60 6 850 a
11 2.0 90 1 700 d
12 2.0 120 3 550 c
13 2.5 30 6 700 c
14 2.5 60 6 550 d
15 2.5 90 3 1000 a
16 2.5 120 1 850 b
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Table 4 Mixing quality ratio of raw materials

B5RELL JER % AALES/ % FEBRRT K%
1.0 100 24.4 75.6
1.5 100 36.1 63.9
2.0 100 44.6 554
2.5 100 51.2 488
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Fig.9 Particle size distribution and cumulative particle size dis-

tribution curves of cementitious materials

Fef TR 6 /K 8 14 200 3 8 R i A 3R, 25K 80 pm J7 fL
5 05 4 A KT 10% 5% 45 pm 77 L5 0 42 8 K T
30%.

M4 1 9 mI A, AR ERIE | BRES 3 min DL K 3K S
6 min A BEEEFS R 80 pm LR B9 0kE & L 435 A

76.9%. 83.6% LA J 85.7%, i@ i 80 pum 77 L 5% i 4%
PRGN T 10%; Wi AERES | BRI 3 min LK ER
JE 6 min B BEEERTEHT 45 pm DL B9 B0RL 5 L4 91
H 58.3%. 70.1% LA K 74.8%, Horb R gEATBRIES 1 g
BEPRLAN L 45 pm JrfLIRTHR AR A KT 30% HYZEK,
T K B 3 min A1 3R BE 6 min 19 ¢ 8E 4 K14 0 2
45 um T FLIRTHAA KT 30% HESR . 454 BRIEE
KM 6 min i RCEER RS0 BRI BE Y BE B 25 1O 1 L,
DA K 2 BB Tolk Az 7 ek S o B Y REFE, BERRER IS
S 3 min {E A RAEBREE R

3 KRR IERE

3.1 RBER

TEK Y A SR AP I 101 530k 7 d 1 28 d
ANEE B, XA PR B IR LT IR | B R
A, P ah L 5,

&5 KERRVMEREMINIXIEHER

Table 5 Performance test results of cement mortar

A e TR 7 dFATIRE/MPa 28 dbidfra iE/MPa 7 dPLIE R E/MPa 28 ddi 58 iE/MPa i) EE/mm

X AR ZH 5.87 8.26 33.55 47.20 182
BPPA 0.01 0.03 0.09 0.21 —

1 0.10 0.59 0.61 3.39 203

2 0.36 1.62 2.09 9.24 195

3 0.66 1.75 3.96 10.13 174

4 0.12 1.65 0.66 9.48 157

5 0.59 1.60 3.59 9.47 163

6 0.27 1.68 1.63 9.61 149

7 0.27 1.07 1.54 6.26 192

8 0.49 1.49 2.78 8.49 187

9 0.23 1.66 1.38 9.56 127

10 0.32 1.26 1.97 7.18 146

11 0.29 0.75 1.70 428 171

12 0.22 0.58 1.38 3.39 184

13 0.14 0.27 0.86 1.59 157

14 0.24 0.60 1.35 3.37 177

15 0.29 1.37 1.68 7.84 115

16 0.35 1.05 2.11 6.16 135
e X BR 2 S L0 PR K U A I A ek FE S8 BE 0 T %9 BR AL BCHT . USRI . 7T LU 5

YRR, BPPA 21 DLW Jo AR #E AT K P i~
i Bebe A BRA LR el ) 5 e AROK D A A A ik
Beo MR PR T LB R, A n vt o1

BPPA #H i e 7E 7 d F 28 d % BA 19 4T R 3 B AL Ky

0.09 11 0.21, R UERH A1 T /K A B~ IR BB 1Y)

AW TR T RAS B TS A IR, AN DA AR I A
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Bho BRILZAMEAE RITA R 3 5l gl s g
B, 7 d ISR EE K 3.96 MPa, 28 d #4153 ik
£ 10.13 MPa, [RIA 3 55356 41 0 3t 8l B AR 6 F %
MREHAR 22K, BA B nmsh
32 WESH

KRR 253 AT X K P b 23k 7. 28 d & A Y
PUITIREE | PURREE DL sl B AT gt o, S

gER L 6, HFE 6 I, 7d A28 d IR PLT IR
JEE AT H iR B8 114 S0 PR 2R 42 BRI 28 P A e T
B2 > A BHATS E H>K G B = K G LR
Ui AR U0 15 1 4 52 e PR 28 v, o) o R R ) e
KA R BRI IBR IR B . TSI EE R 25 i A

SR R 25 44 R ) S 2 PR R T A MBI > b
RS LS 7K A B R B >TK A B

FRo6o MESWER
Table 6 Range analysis results
EES AR RE LY TR RS KA R BpEiRLE
k 03100 0.265 0 02525 0.207 5
k 0.405 0° 02975 0.365 0° 0.3200
7 AR ks 0.2650 0.377 5° 0.308 8 0.480 0°
ky 0.2550 0.2950 — 0.2275
R 0.150 0 0.1125 0.1125 02725
R BRI B> A R > 7K BB U > 7K B G
k 14025 1.0300 1.0175 0.710 0
k, 1.460 0* 1.290 0°* 1.292 5* 1.0325
ks 1.062 50 1.235 00 1.21875 1.415 00
28 dPTYTIR
ks 0.8225 1.1925 — 1.590 0*
R 0.6375 0.260 0 0.2750 0.880 0
R BRI B> A B > K A U ST B L
k 1.8300 1.6100 15125 1.2200
k, 2.3850° 1.760 0 2.1850° 1.8575
7 dbUEIRE ks 1.607 5 2.2200° 18125 2.907 5°
ky 1.500 0 17325 — 13375
R 0.8850 0.610 0 0.6725 1.687 5
R BRI B> A B > 7K BB UK ST B G L
k 8.060 0 6.002 5 5.860 0 41025
k, 8.457 5" 7.350 0° 7.485 0" 5.900 0
ks 6.102 5 71275 7.007 5 8.2350
28 AT R
ks 4740 0 6.880 0 — 9.122 5*
R 3.7175 13475 1.6250 5.0200
R BB B> A B > 7K B U ST B L
ky 182.25° 162.50 164.50 189.00°
ky 17275 166.75° 164.25 177.50
I ky 157.00 163.00 164.63° 154.50
ky 146.00 165.75 — 137.00
R 36.25 425 0.38 52.00
B EHHET LR > JEUE MG ik LU > 7K S UTRLEE > K A G G

I “FRIER R R P

Xl 22 50 M i R % DR R e (A AT 2o A mT 1A
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AR AR R A RS A LG 1.5, KA LR
JZ 90 °C, K K 3 h, BBEIRE 850 °C; 28 d
PUYTIRE AN 28 d PUHBR BN 2 115 H 19 e R KO
A N JEARES R L 1.5, KA R E 60 <,
IKIA IR 3 h, HBERIEEE 1000 °C.
33 FESH

TEAR 22 43 BT B LA L, ok /K U Je T B 56 3 A
BN HEAT 7 25008, 8y 25 Bt 45 R R 1 e
PSR HATHE— DR, Jr 22T EE R 3R 7,

H % 7 R0, 7 2240 A g e 7 d BudT R R

7 d PR R )RR PR 2 S MR B R R R > K
A S ARG R E >k A G EE, 4 A5
PR MRS W3 28 d Lo, 28 d Bk
5uf P LRI sl B ) W) 2 P HE R S 25 e i

— 3, YR BRE R B> TR RS ik LU > K G B>
TR BT EE , B I B2 R A R i L 2
PEMARH B . KGOS 28 d HL T E A
28 d YL R JEA — & R, X s B R /N, K
A B BEXT 28 d BUATIRIE | 28 d B R B DL R
BRI

RT AESWER

Table 7 Analysis of variance results

GIHTXT4 255 H A 1 Hi ¥r F Il SHE B EHHET
AL L 0.056 3 3 0.0188 459388  F,=2.49
TG LIRS 0.027 8 3 0.009 3 227143 Fyps=3.29
7 dhidriRpE TG IR 0.099 4 2 0.049 7 1242500  Fy=5.42 kﬁﬁ%}%{E'IJE*;;J‘(:;imgl;{;;jfﬁﬂﬁﬁ
BBl 0.1852 3 0.0617 151.204 1 —
2 0.001 2 3 0.000 4 — —
AR A L 1.0773 3 0.359 1 64561  F,=2.49
IKIE BIRLEE 0.150 4 3 0.050 1 09011  Fyp=3.29
28 dbidsmEE KA 0.362 8 2 0.1814 32626  Fon=5.42 et ﬁrg*bﬁf jjjfzj;t{ggykﬂénﬁaf
BRI 1.863 2 3 0.621 1 11.165 5 —
R 0.166 9 3 0.055 6 — —
JEAERHES AT L 1.865 7 3 0.6219 19.6975  F,,=2.49
TKHAA LR 0.859 6 3 0.286 5 9.0755  Fy0=3.29
7 dBU IR KGR 3.3740 2 1.687 0 533861  Fyp=5.42 bR *;;*7 g‘;ﬁh gfzgr;? Chiels
BRI 7.1057 3 2368 6 75.018 6 —
R 0.094 7 3 0.031 6 — —
JEAEMSRELL 36.234 5 3 12.078 2 63966  F,=2.49
TG LIRS 4183 1 3 1.394 4 07385  Fy0=3.29
28 PR KRG 119254 2 5.9627 31579 Fou=5.42 BRI H>§j§f§§fﬁj‘g*m%ﬁiﬁ
BBl 62.133 4 3 20.711 1 10.968 7 —
2 5.664 6 3 1.8882 — —
ARG A L 3126.5 3 1042.17 47.0150  F,,=2.49
IKIE BIRLEE 51.5 3 17.166 7 07744  Fy=3.29
e KA R 215 2 10.750 0 04850  Fyp=5.42 k&k,%{ﬁ)g**>§jjﬁzﬁ§ﬂt; ;jmﬂ/ﬁwﬁ
BRI 6502.0 3 2167.33 97.774 4 —
R2E 66.5 3 22.166 7 — —

H: Fon(3,15)=5.42, F,5(3,15)=3.29, F,,,(3,15)=2.49; MF>F, (3,151,

%ﬁﬂﬁﬁ%ﬂﬁg, iE?%I “rx” H %Fo_ol(ll5)>F>F0_05(3,15)E‘JA, %3”@@%9

LR A7, BFos(3,15)>F>Fy 03,15, A —ERI; 2F, 0(3,15)>FI, SEIREV/N, SCRAEE,

3.4 EEXBFHHE
AR 22 70 B M7 22 20 B 45 2Rl A, B i
JEXAIRAE R M R R, Ho 7 d 3 fre b i

1 850 °C, T 28 d i A HBCRE IR E A 1000 °C, H.
850 °C W 7 d 3 B & = F 1000 °C, 1fi 1 000 °C A

28 d 9 FE AL T 850 °C HE R K 10.8% ~ 12.37%,
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FEXT I SN W7 e BRI 50 B A8 T 8 T v o
%o Z5 b, SF i i B2 RN U 2 BE, HE AE JBUBE IR B
850 °C.,

SIHT IR, JCit 7 d 82 28 d IPLIT . PURRE,
IS RE LI 1.5 s 5, £S5k H /N i sl
FER, H 1.5 5 1.0 Wi sh 2= A R, SO ek AT
BE 1.50 Jr 25ttt KA B) AL X 3 8 5
Wil AN K, KGR XS 28 d 5 EE R R i . (R,
KRR [ RT3 SR 5 B T R B 2, K PRI
WAL 7 d BB 32 B, UK G B B
490 °C, IH A 3 he

PRI, i 76 G 5 Rk o 5 1) e A R K P AL
H: EAEHESRE L 1.5, AKEG BUREE 90 C KA
RS 3 h DL B e iR 850 °Co #E R4l A T HT
il 5 B e R L, I AR AR YR 10 v A 1 P P R
1T 7B —Feiiat, BARZE R 8. X LhiEAg kg
o B R AE YA 3 B, B & A 15 )
B JES B A4 ek LA B v ()5, (R IR B BE A T e

&8 JKiRERYMEREMIN R

Table 8 Performance test results of cement mortar

YL/ MPa PO R /MPa .
i 8l /mm
7d 28 d 7d 28 d
0.78 2.25 4.15 11.46 165

4 FEIEMTRL A ERE

4.1 FEIEMBEM B

AU A S BT B & HER T4 B
IR 2 KR 2 K=5 141 1 0 2 YRGS Fe I kL L
b, S RAE Z K ALA T KA S R AB be il
F A 2 0T BL R BE AT R ORI T U L. ih
TR B BEA RHEREAR L T K Je 22, I AR 156
TEPRIE TSR R S BERRLFUR I B o LA
AREIE LT, RO IR FE B BEAT R LE, 42
Fe BT L JES A R 4 P AT 2 ST AT R BEAY 2K,

®9 FTHEMBEMBESLL

Table 9 Backfill material raw material mix ratio

i T A/g WEIRIg KE/g WEEER K LRI IR/ Kig

1 1380 1104 276 0 0 552
2 1380 1104 0 0 276 552
3 1380 1104 0 276 0 552
4 1380 828 0 552 0 552
5 1380 552 0 828 0 552
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Fig.10 Filling test blocks when using biomass power plant ash

as cementitious material
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Fig.11  Stress-strain curves of backfill material
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Fig.12 Slump and expansion of filling materials
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