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Composition Design and Sintering Process of Solid Waste-Based
Low-Calcium Carbon-Fixing Cement Clinker

WANG Xiaoli, LING Tungchai’
(College of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: A low-calcium carbon-fixing cement clinker mainly composed of 3-C,S was successfully manufactured using
from municipal solid waste incineration fly ash and bottom ash. The results show that the clinker can be sintered at
1150-1 250 °C, and the actual n(Ca)/n(Si) value required is higher than the theoretical design value, that is, n(Ca)/
n(Si)>>2.6. Otherwise, it is easy to over sinter and prone to produce calcium alumina feldspar, which is not conducive
to the clinker strength development. 7(Ca)/n(Si) value has a significant influence on the early compressive strength
and carbonation degree of cement, and the compressive strength decreases with the increase of 7(Ca)/n(Si) value.
The produced cement with n(Ca)/n(Si)=2.8-3.2 upon 2 days of carbonation can attain a compressive strength
of 50 MPa, or even up to 72 MPa. However, when the n(Ca)/n(Si) value increases to 3.3—3.7, the compressive
strength drops to 25—30 MPa with CaCO, content of about 12.00% . Future research is needed to elucidate the role
of hydration and carbonation mechanism of various minerals in contributing the strength development.
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AKVAT WA N B HEBCRY 25 2 K, 2020 4R B ) VTR B R K PR A S LR Al i T R A
T A 14.66 42 t, o E B HERCE B9 14.3267 . RHET I (CS) I IR IE IR (1 450 °C) R IR A7 11 1w ik
PRIt , R AT Ml $ b A XUBR” F bR T B T HE A, BEAR T OB R S T 0 2 R R,
il AL Getk IR £R 7K U8 (OPCO)AE Ry @ bh i i i e BRK U8 A 7 19 58 AR 9 05 T AT 3R A2 2 — b 2 AR

Wk H W 0 2022-04-27; 1517 H 1 : 2022-06-28
FEE T E R [ AR A S B B H (52250710158)
—AEH BN (1993—) , 2, (LR BTG 1M K 2F 1+ 2E L E-mail: wx1931220@hnu.edu.cn
HWHAER AR (1980—) , 5, Bk VG AR , W g K2 082 128 0, 18+ . E-mail: teling@hnu.edu.cn



1116 7

WM B % W %254

C,SHy & it & m o ¥ (C.S.C,S,FCS) i Ik .
SR, A5 7 4 R KAk T e A T B o) T G A K Ui o
st P L

20 228 70 4EAR, A WEIE A B CO, AT LA AR 45
W1 B S PEST . 5 OPC AR EE L A 45 K Y8 AL &
45% 1 CaO , B Bl HE B R ZIREAR T 30%6 , #kk&
B FEREAR T 200 ‘COBRBEREFEN > T 15%0) , IRl I} 38
Al LSS AT 25 % ~30% i COSY, 28 3% Fl R 55 3% 25 W
F AN AR ORI R S Tl [ v i Y Ca
S1AE LA E R K U I R AR JEORE Y T Atk — 25 kK
VATl 1 15 2 B HE I

ASC LAY T B A b K (MSWIFA) FIE B
JR(BA) N JERE, W K —F LIS [ B ™ 9 o 3 16 sk

=k A 5 G R PEBHA 2 3 3 0 7K g 2o 2 s
T Bebe U A BT 5T, LA R 4 i AR AT 7K U8 2Rk Y
Gk e

1 R

=R

MSWIFA F1 BA ¥ e i 5 1 12 ) 6 U5 5% 0
A B2 w A L RS 105 CHLRS gt T
BLERMEE, J5 T ERESHL M B, 40 B 45 ) 78 80 pm Jy
FL 7 5 % (0 £ 43 50, S v B i i 4 V2R L L A 4
s A 1) B A/ 359 O T 4 B A EE ) 1096 DL R
R X552 06 61 43 BT A (XRF) 43 Bt B kL i) 1k
SN SRR 1R

1.1

F1 EMSHEEAR
Table 1 Chemical compositions of raw materials
w/ %
Raw material CaO SiO, ALO, MgO Fe,O, SO, Cl Na,O K,O 1L
MSWIFA 35.584 1.043 0. 287 0.413 0.467 4.910 12.606 5.602 2.975 35.110
BA 12.461 54.618 11. 546 2. 887 4.704 0.614 0.508 4.716 1.739 3.680
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Table 2 Design of mineral compositions and the mix proportions of raw materials

'Ijheoretical n(Ca)/n(Si)  m(MSWIFA)/ WMSWIFA)/ % 'Ijheoretical n(Ca)/n(Si) m(MSWIFA)/ WMSWIFA) %
mineral phase value m(BA) mineral phase value m(BA)
4.0 5.789 85. 27 2.8 3.948 79.79
3.9 5.636 84.93 2.7 3.79%4 79. 14
3.8 5.482 84.57 2.6 3.641 78.45
3.7 5.329 84.20 2.5 3. 487 77.71
C.5-C,S (n(Ca)/
3.6 5.176 83.81 . 2.4 3.334 76.92
n(Si)=2.80-1.87)
C.,S (m(Ca)/ 3.5 5.022 83.39 2.3 3.180 76.08
n(S1)=2.80) 3.4 4.869 82.96 2.2 3.027 75.17
3.3 4.715 82.50 2.1 2.873 74.18
3.2 4.562 82.02 2.0 2.720 73.12
3.1 4.408 81.51 1.9 2.566 71.96
‘ i C,8C,S, (n(Ca)/
3.0 4.255 80.97 . 1.8 2.413 70.70
n(Si)=1.87-1. 40)
2.9 4.101 80. 40 1.7 2.259 69. 32
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Fig. 1 Appearance of sintered clinkers at 1 100—1 250 ‘C
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Fig. 2 XRD patterns of sintered clinkers
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Fig. 3 XRD patterns of sintered clinkers at 1 150 °C
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