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Fundamental performance investigation of alkali-activated slag-fly
ash-sewage sludge ash geopolymer

XTAO Jing, TANG Xuguang, LI Lingjie, HE Chengbin, CHEN Qiunan
(College of Civil Engineering, Hunan University of Science and Technology , Xiangtan 411201 , Hunan , China)

Abstract: In order to address the challenges of solid waste resource utilization and low-carbon urban development, this
study prepared alkali-activated cementitious materials ( AACM ) at ambient temperature using ground granulated blast-
furnace slag (GGBS) and sewage sludge ash ( SSA) as partial replacements for fly ash (FA), with sodium silicate and
NaOH solutions as alkaline activators. The orthogonal experimental method was employed to investigate the effects of water-
to-binder ratio ( A) ,sodium silicate modulus (B) ,and liquid-to-solid ratio ( C) on the performance of geopolymers. Results
demonstrated that the optimal mix proportion included 10% SSA (mass fraction) , water-to-binder ratio of 0.5, sodium
silicate modulus of 1.1, and liquid-to-solid ratio of 0. 4. This formulation extended the initial and final setting times of
AACM paste by 23. 1% and 62. 3% ,respectively,reduced mortar fluidity by 17. 24% ,while achieving 28-day compressive
and flexural strengths of 54. 4 MPa and 7.75 MPa. The order of influence significance was determined as A > B > C for
workability parameters,and A > C > B for both compressive and flexural strength development.

Key words: sewage sludge ash; alkali-activated cementitious materials; workability; mechanical properties; orthogonal

experiment

RERR KRR SLOUA K I SR E S0, AR EE S A0, i ground granulated
(EHC AR 7= BE 2 1 BE ARG i e i ) AL, s i K blast furnace slag, GGBS) . Bk (fly ash, FA)
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kB & B %k B B (alkali-activated cementitious
materials, AACM ) if i Gl P 38 & 0] 5 25 i R o [
TR B BB BE 7 1, Fet AR TR UK e R AR 2
80% , A BEGEIRALPLRY, Wil R K
AR T,

IEAEK, CAT ORI Z BT ST T T B
RRRH RS, ZHOU 261 F F B R 38 B2 €K
Pl L 4 7 B —E BUE SRR AACM, 5§
A BB GOBS/FA JER AL AT R i A
Peo TEIMEARAF BT T I LRI GGBS 2 H Xt
Bk FA - GGBS [E 0575 Js T iy s EE 52 m, &3
GGBS 45 £t X 38 Ji 5% Wi % /1. CHEN 45" 3 i
GGBS - SSA R & il 45 H 28 d FLJE5% JFF 54 32. 8 MPa
1) AACM, SR, BLA K 2 )R R T GGBS, FA
SEAEGER ITIR AR, R SSA S5 % [ K 1) b [e] Al
FHWTSEA /&, HE LU 2 22 7 [ % B ) Ak 5K
TE R O SR, FEE SSA - GGBS - FA
SOUMR R, S R B PR Ak v P[]
B, CCN SRR
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FWFFEXT S, LAKBE B A NaOH ¥ UAE b & A Bk
WORR, Wi KB . KR . K JLIEREL
WE FE XS AACM (R BEA PR RE SZ W KLAHE, R4 5
X 5t 2R B K A7 54X ( x-ray powder diffractometer,
XRD) X HA™ Wy 2 AT 0B, 4R 98 = ok R & IC
AL, LASE S [ I Wb ) A1) 5 A i 2 4 T
RIS

1 ABRERSHTE
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15, SMHHLE & . GGBS I A 1L ARty Bt
NHle FATGTFILEEM T 9K AR F24A
AR X PSR (XRE) 23087, 255440
21 iR,

ANAERE: SR A I A R TN VR B AR T RD, A
JERECH 2.3,

BRI R ) KB b WV A R, R
3.3, WK BEEH 38.5, Na,O Jit & 47 £
8.53% , SiO, JE &/ EH 26.98% . NaOH 4 Hr
gl WK E BRIINHEA W o 3 3 1) 7K 3 58 9 W h s
i NaOH A A 802 0.9 ~ 1.3, K¢ JoT ol Bl 384 % 771
VIR TR 2= T BRAL 24 b, DLW AR Rk R £k 78 4%
KA o
1.2 REAHR

PR RIS, 85T SSA Fl FA By fEs
XTHUER G WA RE I RE . 538 k(12 - 13 ],
e KA 0.5, AKBEISREECH 11, WIE
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PiRzs, MARE 3 M. KR E SO IR
J TN IR Y 2K R AN K 5 S SR R B R
VR L A Sk B 3 4 700 1 TR 5 T 5 R I 3 L
SSA Bt U SSA B FA (&%,

®1 REEYWERMLFZERMER(RESH) %
bR CaO0  Fe,0, SO,  ALO,  MgO K,0  Na,0 TiO, P,0;  f=it i
SSA 557 7.66  0.49  21.43  2.92 — 0.88  0.90 1270  4.80  4.39
GGBS 3400 0.91  1.62 20.05 6.21 0.43 0.28 191 — 0.26 —
FA 550 11.85  0.82  34.20 0.95 11 0.41 0.8 — 3.00  0.13
*:2 HEHMEAZE kg/m’
Y SSA GGBS FA IR Y5 NaOH 7K i
A0 0 225 225.00 146. 18 33.82 130. 73 1350
Al 11.25 225 213.75 142.53 32.97 127. 46 1350
A2 22.50 225 202. 50 138. 88 32.13 124.19 1350
A3 33.75 225 191.25 135.22 31.28 120. 92 1350
A4 45.00 225 180. 00 131.57 30. 44 117. 65 1350
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*3 HEKTE

H#E
7K
A B C
1 0.45 0.9 0.3
2 0.50 1.1 0.4
3 0.55 1.3 0.5
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VR B IS R] ) I S 2 BRI A o AR 2
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COKVIERE s BE E F7 %) (GB/T 2419—2005)
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H Na ™ 20 A i & 40 R AR SR Ak . B S, B
AL B Na*, FERC FE & s
ALO, YT A # B Si0, PU T ARB, TERE fEgE
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n(OH), -Si -0 -Al" - (OH), (1)
n(OH ), =Si-0-Al'""") = (OH ), ———(Na,K ) " = ( =Si-00-Al'"’0-0- ), +3nH,0 (2)

(Si,0,,AL,0,), +2nSi0, +4nH,0 ——— )n(OH ), -Si -0 -Al‘") —(OH), -0 -Si - (OH), (3)

(Na,K)* =( =Si-00-Al‘"0 -

0-Si-00-), +4nH,0 (4)
x4 EXRBEELH kg/m’
\ ISR
Gy WRTR A B C
SSA GGBS FA JKIEEE  NaOH 7K b

H1 A,B,C, 0.45 0.9 0.3 22.5 225 202.5  98.35  29.90 128.95 1350
H2 AB,C,  0.45 1.1 0.4 22.5 225 202.5 138.88  32.13  102.81 1350
H3 AB,C,  0.45 1.3 0.5 22.5 225 202.5  181.24  32.51  75.50 1350
H4 A,B,C,  0.50 0.9 0.4 22.5 225 202.5 131.13  39.87  129.18 1350
H5 A,B,C;  0.50 1.1 0.5 22.5 225 202.5 173.59  40.16  101.80 1350
H6 A,B,C, 0.50 1.3 0.3 22.5 225 202.5 108.74  19.51  143.62 1350
H7 A;B,C;  0.55 0.9 0.5 22.5 225 202.5  163.91  49.84  129.42 1350
H8 A,B,C, 0.55 1.1 0.3 22.5 225 202.5 104.16  24.10  167.95 1350
HY AsB,C,  0.55 1.3 0.4 22.5 225 202.5  144.99  26.01  141.62 1350
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21.35% , HLHTR S 1 6.85 MPa [§ % 5.05 MPa,
FAI% 26.28% ; 28 d $i 88 BE fl 57.3 MPa [ &
47.0 MPa, P4 17.98% , Hi4rs®E H 7.93 MPa
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U 1 K AR IV o 24 7K B 38 K W 488 U
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TEAGIRE LA AF T, PR R P NayO T A3 SO A
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HOHE A KA BT, T T R G 9 T 2
Ho B TR E I, TRERE v B EE A S SiO,
JEE AP BOR W BN, TR RE AL R R . R
JREHE AR, H7E Ca( OH) , AL F 78S Si0, i1
KA TG S 3, 48 T R A W ) 2
PERE™
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T FIEAC BETH B T 036 IE 38 i 3 T AR P
128 d BB IR 25 SR HEAT AR 254007, AN S
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EEEL W2z LK SR
A B c

K, 10.57 11.33 11.93
Ky 11.20 12. 10 11.37

TAEERE 7 A,B,C, A>B>C
K, 12.87 11. 20 11.33
R, 2.30 0.90 0. 60
K, 7.93 7.00 6.52
‘ Ky 6.43 7.03 7.37

28 d HUdr = A,B,C, A>C>B
K, 6.75 7.08 7.23
R, 1.50 0.08 0.85
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28 d P EGE — AB, G, A>C>B
Y 47.00 46. 47 56. 07
R, 10. 30 8. 60 8. 67
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E 7 28 d AACM %3 XRD Hit
HI[E 7 AT, AE 20° ~40° 7 S ML N, PIr
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