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Effect of Fly Ash on Properties of Polyurethane Grouting Material
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Abstract: To address the issues of intense exothermic curing, insufficient thermal stability and flame retardancy, and high
cost of polyurethane (PU) grouting materials, while promoting the high-value-added resource utilization of industrial fly
ash (FA), the study employed modified fly ash (mFA) as a functional filler to prepare PU grouting materials. The effects of
mFA content on the curing characteristics, mechanical properties, thermal stability, and flame retardancy of the grouting
materials were systematically investigated. The results showed that with increasing mFA content, the peak temperature
during curing decreased, mechanical properties first increased and then decreased, while thermal stability and flame
retardancy continuously improved. At an mFA adding amount of 30 phr, the grouting material exhibited optimal
comprehensive performance. The curing time was slightly prolonged, compressive strength increased by 23.1%, initial
thermal decomposition temperature increased by 55 °C, char residue rate increased to 39.5%, and the limiting oxygen
index increased from 19.2% to 34.6%. The peak heat release rate and peak smoke production rate decreased by 48.1% and
41.3%, respectively, while the total heat release and total smoke production decreased by 50.0% and 51.6%, respectively.
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Tab.1 Chemical composition of FA AT %
w(Si0,) W(ALO,)  w(Fel,0;) w(CaO) wMgO) w(HA)
523 28.7 6.8 4.2 2.1 59
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PP, 10-1, SR X PSR R A 2 )5 (i A
WL AR (FTIR), Nicolet iS50, 3£ [E Thermo Fisher £}
B4 w5 3T 2 kK A, OCA40 Micro, {8
Dataphysics 2y 7 ; J7 B8 IR Z2AIL , WDW-100, 55 5 ik 4 5 A
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Tab.2 Formula of grouting materials A5 phr
B — il
Rt Lol PPG LT PAPI mFA

21 PU 30 325 0.2 373 0
PU/mFA10 30 325 0.2 373 10
PU/mFA20 30 325 0.2 373 20
PU/mFA30 30 325 0.2 373 30
PU/mFA40 30 325 0.2 373 40
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Fig.6 SEM images of grouting materials (1 000x )
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Tab.3 TG data of grouting materials

FESL AR WIS fiIR /o C TR 1%
4li PU 221 7.8
PU/mFA10 235 18.7
PU/mFA20 251 29.1
PU/mFA30 276 39.5
PU/mFA40 281 452

M3 WTLUE Y, 4 PU BB PRSI A 221 °C,
BRIRF ) T.8% N mFA JT , 11 5B} A PR gt it 22 bt
54 34K B, BB mFA TR B340, TG #h £k 4 107
fhFe B K o 4 mFA AR 53504 10,20,30,40 phr i,
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PU ik 2 [a) Ak 44k B REAZ R vt 70 T-BE AR E T , i
PG i R o R TR, N T S A R
mFA ZFLAGHA REMEIR KT A3 P AR 0 /NG T4 5, B34
53 f LN B SE ALY 3 mFA R TEHLH M E i B AN 5%
fift, RERSTE MR PIZ , 1) PU 43 FREI R S5 TE I k12 55
mFA TR &R IZ2 BB E— P BHLAS PE A L,
P0G Ap L BE— 25 Py i, DA B8 i kR 5 PR TR
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2.6 FEMBIEIBEATERE

F A JPIERAT R BLIR S . AW LIE W, 4
PU 1) LOI{Y A 19.2% , e HH H A Sy kAR . BEAE mFA i
DB, AR LOTIZHE K . 24 mFA BRI
5% 5541 10,20, 30, 40 phr B}, LOI 43 % 4% F+ & 24.7% .
27.8%. 34.6% Fl 35.8%, 4l PU f) PHRR Fl PSPR 43 %1 4
526.91kW/m*f10.081 2 m*/s. K& mFA I AO3E I, 7
H b4 KL PHRR 1 PSPR 2 #i FEAK . 24 mFA ¥R N2 H
30 phr B}, PHRR Fl PSPR % 21 PU 43 1] F% fIX 48.1% Al
41.3%,

R4 ERAH G PR R

Tab.4 Flame retardant data of grouting materials

FER AR LOI/% PHRR/(kW-m™?) PSPR/(m’-s)
4 PU 19.2 526.91 0.0812
PU/mFA10 24.7 383.72 0.078 5
PU/mFA20 27.8 320.68 0.064 6
PU/mFA30 34.6 273.55 0.047 7
PU/mFA40 35.8 256.94 0.0459

8 WA BHK THR R TSR B4k, &I 8 0T LU
B I ) B SE K, 4l PU B9 THR AU TSR B 26 Pk FFF,
o AT, B 2% THR A TSR 43 31143 208.83 MJ/m* Al
28.60 m’, EHHIALEIRIZY . Bl mFA TR NIE A3, 3%
PPEE THR 1 TSR 31 21~ o ) C(EDZ s/ , 3 2% THR
43 99 [ 3 149.68 . 123.64 ,104.48 ,100.17 MJ/m*, TSR 43
5% 21.16.16.26.13.83.12.94 m*, X5t H mFA RESIEAIT
T AP FHE) THR A TSR 24 mFA 7 Jll & 24 30 phr B,
THR Fl TSR #5414 PU 73 7F541K 50.0% F1 51.6%.
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Fig.8 THR and TSR curves of grouting materials
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Fig.9 SEM images of residual carbon of grouting materials (500x )
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WEL, ZGEWFIT mFA TR IR H AR | Ji2f ke P
T P B LA R 04 52, 445 75 T30 285 ) R AIE 45 R 48 7
mFA W3RV 25 SR« FEIR IR A IBE R e #4 T
FA 10 , i FA H SRR P Ak 1%, 5 F T mFA 5 PU &
PRI RTEAHZE . BEE mFA BRI, ¢, o A, 1
VERESETHE I , P E VEFIBH R PERER 2232 5 . mFA 1]
TEFETE PU T RLZR B R RE Y [R] I SE 38 FA 1) i B IR
AR FEARK RS AR . 24 mFA FR &4 30 phr B, 1423
MBI ZEGPEREELAR , 1., e BT 137.2 °CPE R 96.5 °C, i 4k
A1)l 92 s iEHC 25 116 s, PUHETRJESE & 23.1%, F 4G5
fiFlim ST 55 °C, B e T+ 28 39.5%, LOT H 19.2% $& 7+
% 34.6% , PHRR 1 PSPR 43 71| B4 48.1% F141.3%, THR Al
TSR 73 %A1 50.0% Fl1 51.6% .
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