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Abstract

As global cement production continues to rise, so does the industry’s carbon emissions. Incinera-
tion of sewage sludge produces sludge ash containing SiOz, Al203, Ca0O, and Fez0s3, which exhibits
pozzolanic activity and can potentially replace a portion of cement. This study examined sludge
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from a wastewater treatment plant in Guangxi, treating samples via drying, ball milling, and var-
ious calcination conditions, followed by physicochemical analysis to assess pozzolanic activity.
Key findings include: Calcination temperature significantly influences specific surface area, den-
sity, and microstructure, with 600°C identified as the optimal temperature. Holding time affects
exposure of reactive components and pore structure, with 2 hours being the ideal duration. In-
creased specific surface area enhances reaction interfaces, promoting pozzolanic activity; how-
ever, excessive surface area increases water demand. Optimizing calcination conditions can pro-
duce high-performance supplementary cementitious materials, reducing cement consumption
and carbon emissions.
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Table 1. Chemical composition of sludge

F 1. SREMUFER

Components/wt% SSA
SiO2 10.83
AlLO3 4.4
CaO 5.08
Fe203 64.26
SO3 1.69
BaO 0.08
Na20O /
MgO 0.19
K->0 1.04
TiO2 1.68
P20s 7.88
TiO2 /
MnO /
ZnO /
f-CaO /
LOI 2.87
Specific surface area (m? kg™) 673.58

2.2. BRUHIE

1) #BE

WA 5 5 e B R, TERAINIH A R Sk, At B TR, R E L
THREMANR, FHUGRSTRA AN LN Y5 G RIIER . BRIACRES T SRR SR B UE A [F]
BT TeRES,, A FIERBENL ) BT HIEE Smin. 25 min. 60 min H TS IEM LR BINEN
i PR B B SCMs) F i i ls - R My PR R BRI 30 1. Ml & i, 2. 45/, 3. LhRmR[12].

2) A[EBGe B Ak #E

W BE A5 Ve IAEAS R E T HEAT RS, A S Bl , Sl mlis 1000°C . ARSI TH RN
B iR £ (400°C, 500°C, 600°C, 700°C, 800°C, 900°C)5 fRIE - 8] (1 h, 2 h, 3 h, 4 h, 5 h), FHEHEZ N 10°C/min,
R RE P 45 R Ja HARA HI B IR, 14515 2V5 78 K (Sewage sludge ash, SSA). i B K 28 S50 1 e i e
O FBENR B, SRS TE MR B R AT CRIRLIS AT SE58, S5 i e V5 TR K I LR T AR . B A5 M bl B2 A
Wit i, 5 e B ] ) BEAE R AR NG LI, BE ONARR . TR R A UG R, k. BRIER, TE
BN E I AR R S OB RS, T SUR B &5 e KB . AR B SRS Rk R mIA
64.26%, 1R A AL BB AR R .

2.3. SEWGE

2.3.1. FA#BFREMBFESEM)
SEM (SUPRA 55 Sapphire, %¢%], ) T W5 R KIS K& FLBR > i . F S R AR R
ARG b, IR SRR ML R SR A R AT AT T
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2.3.2. X SEATEH(XRD)
] X GHEATHAU(XRD, D8 advance, BRUKER, #[H)7E 10°~80°(20) 1l A iS5 e A I AH
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2.3.4. BRFZE

TSR & AT Ca(OH),L EWRE T 40°C = 1I'CHIERM T, RS M IEMEE T 105C
+ SCTEMPHAT T . SR EE 200 ml HF1 Ca(OH), ¥ FF I B AIIE L S 2., FARE S g Bk
MBHIINMLFD Ca(OH), W, W EVR A VAN B SR AR . BN I B2 5 R R 30 DL OR R VR 50 )
P IRATEWAEE 120 s B BRI RAAMER TR, lidH 5946 8 53R 2 01 Z(H(Ac) 7T LK
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2.3.5. SREEMIRECE
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PEFEEL PAT (Pozzolanic activity index)& 7N, 4 PAL{EH KT 60%H, FRZEWAMELEA Kl KiEH. K
L A3 T AR HOR AR 2Q2) AT T
R o,
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Figure 1. Loss on ignition of SSA at different calcination temperatures
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MEF R AE H, 105 CHRETFI5 IRk B mA 43.18%, (HZ L0 AR E e £ 3 15 I8 K ke 2k
FORHTREAR, YO P EHUR EERATE 100°C~400C o IX— BB R B G H HKFIZE BKIMZER, DL
HR M AN T A . 2234 400°C~600"C 1SR I 75 e K BE 2k i T s 28 2%, B . X —ifl
JE DX TRl A WLy 70 1 22 B, B RT3 e BooR AL B b () R X TR AR — B BL {5 P
BHUTFA6 7 A B e, A2l — SR S5 MR b, RIS B8 70 ToW LD AT RE A A IR F2 S R . 600°C~800°C A #L
WA R TE 4, AR I LA AN S o RS E iy, TR el T BRI, e
SEACBRABRIR ES 73 8 J I BR85S YR AE Ml R PR KB RN 5, R ZONTENL
R HAR BB B BCE B AL T AT RENE

5t P 2 PRI AN 20 B B AR T ARSI S S kB o J 5 V0 K A PE AT LR T AR o AS [RIMBOBR IELE T ik
5 Ve % FEM LR IAR AN 2 row,  MBbeifi BE X5 Je B FE AN EL R AR O RZ i an B 2 o, T BAS e, 35
JRAE 400°C~900°C M BUFRIT , L B IR FE AT Mo sE N, ELR ARSI I e s o BE B MBS IR L PR T i
TSV AR > L R AL S5 B R, UKL A S P 3 L DR B PATEE SR, S BUSVe AKIBE FE AN K. 75
Te kil m bR R 2 B TRAKCRA E M I ELR AR, 500°C R LU B A LA e, HLaRm A
B, IR Tl ke s, ToUR K BIRAE i, BRI AR .

Table 2. Density and specific surface of SSA at different calcination temperatures

2. NEBRKRIERE TS RAEEFLRER

iR B/ C B E /g/em? bR AR /m?/kg
105 1.922 673.58
400 2.857 696.14
500 2.956 768.52
600 3.03 636.54
700 3.076 621.14
800 3.11 552.34
900 3.158 504.33
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Figure 2. Effect of calcination temperature on SSA density and specific surface area
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Figure 3. XRD spectra comparison of sludge ash at different calcination temperatures

3. FRIMBIRIRE SRR XRD EliExEE

Figure 4. Micromorphology of sludge ash at different calcination temperatures: (a) 400°C; (b) 500°C; (c) 600°C; (d) 700°C;
(€) 800°C; (f) 900°C
4. NEMEEE THYS RIRIMMZSR: (a) 400°C; (b) 500°C; (c) 600°C; (d) 700°C; (e) 800°C; (f)900°C
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3.3. WUMESHED

B 4 A BB IS TR KO ESE . 400 CI5 TR KESHIFARL, BRI E, BRLAZIEA
KN, FTREFEE KA R E 0 if, B IRAM AR K. BB BRIREIRTT 2] 600°C, MIKIEAZ
AT R, RN, BB E A DR, SECR LIS, BURZETECE (L, (PR L
r LB . Z23d 800°C A1 900 CHBeke fm IS e, MUkLal LT 58 & la &, St BB BUE . LEE R E
b, RIVBONGHE MBI B . iR AR A A iR B Heaibedl, SRR A HE— DR, (Hid mii
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3.4. FEMEIEMN

3.4.1. SSHBRYBGE

P 5 SRR RBREIR S R 5 YR KA KIS, Rk BT i o PR R 3. 400°C 1 500°C, {RIRE
Beit, AR AE R AN TR R, FLBREYES LR HE T EERK, RIEE 2 R,
IR IR S A IS AT R . 500°C 31 600°C A7 K I IAB M 448.15 mg i _ETH3 636.4mg, AR A I Ca0 %
WEHT L, FLBREE KRN, W RE S8R . 600°C 3] 900°CHE A iRt — 2B THE, MORE BB S 1 T 1 0,
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Figure 5. Lime absorption value of sludge lime at different calcination temperatures
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Figure 6. Lime absorption value of sludge lime at different holding times
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Figure 7. Lime absorption values of sludge lime with different specific surface
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3.4.2. BEEFFE

Kl 8 ARSI R 2 N5 Ve AR HL S5 A6 i 3 32 2 BN Ca(OH), R VB i) Ca Al OH T 7™
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Figure 8. Conductivity of sludge ash under different influencing factors: (a) calcination temperature; (b) Hold time; (c) Spe-
cific surface area
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Figure 9. Compressive strength of sludge ash under different influencing factors: (a) calcination temperature; (b) Hold time;
(c) Specific surface area
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