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In the realm of cement manufacturing, concerted efforts are underway to mitigate the emission of
greenhouse gases. A significant portion, approximately 60%, of these emissions during the cement
E-mail : songhun@kicetre.kr  clinker sintering process is attributed to the decarbonation of limestone, which serves as a fundamental
ingredient in cement production. Prompted by these environmental concerns, there is an active pursuit
of alternative technologies and admixtures for cement that can substitute for limestone. Concurrently,
Received: December 11,2023  initiatives are being explored to harness technology within the cement industry for the capture of
Revised : February 12,2024 carbon dioxide from industrial emissions, facilitating its conversion into carbonate minerals via
Accepted: February 23,2024  chemical processes. Parallel to these technological advances, economic growth has precipitated a
surge in construction activities, culminating in a steady escalation of construction waste, notably waste
concrete. This study is anchored in the innovative production of calcium silicate cement clinkers,
utilizing finely powdered waste concrete, followed by a thorough analysis of their mineral phases.
Through X-ray diffraction(XRD) analysis, it was observed that increasing the substitution level of
waste concrete powder and the molar ratio of SiO, to (Ca0+Si0O2) leads to a decrease in Belite and y
-Belite, whereas minerals associated with carbonation, such as wollastonite and rankinite, exhibited an
upsurge. Furthermore, the formation of gehlenite in cement clinkers, especially at higher substitution
levels of waste concrete powder and the aforementioned molar ratio, is attributed to a synthetic
reaction with Al;03; present in the waste concrete powder. Analysis of free-CaO content revealed a
decrement with increasing substitution rate of waste concrete powder and the molar ratio of
Si02/(Ca0+Si02). The outcomes of this study substantiate the viability of fabricating calcium silicate
cement clinkers employing waste concrete powder.
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Table 1. Chemical compositions of waste concrete powder

Chemical compositions(%)

SiOz A1203 Fe203 CaO MgO Na20 Kzo SO3 lg.lOSS
Waste concrete powder 49.00 10.92 4.82 16.20 1.99 2.30 2.62 0.50 10.48
8 100 1400
1,250°C-1h
71 1200
. F80
_ S 5) | 3°C/mi
= 5 e & 1000 900°C-1h e
S 60 § 2 s00-
2 - 2
= Ly © g* 600
S 3 2z |53 5°C/min
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Figure 1. Particle size distribution of waste concrete powder Figure 2. lllustration of clinker sintering process
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Table 2. Mixing design for carbon dioxide reactive hardening cement clinker

Mole & Replacement Waste concrete P
GO+ 5i0, rate(%) CaCO; Si0, AlLO; Fe;O; SUM
powder
5 70.01 3.50 20.99 4.00 1.50 100
035 10 68.50 6.85 19.15 4.00 1.50 100
20 65.65 13.13 15.72 4.00 1.50 100
50 58.30 29.15 7.05 4.00 1.50 100
5 66.25 3.31 24.94 4.00 1.50 100
10 64.80 6.50 23.20 4.00 1.50 100
040 20 62.20 12.40 19.90 4.00 1.50 100
50 55.35 27.68 11.48 4.00 1.50 100
5 62.30 3.10 29.10 4.00 1.50 100
10 61.00 6.10 27.40 4.00 1.50 100
043 20 58.50 11.70 24.30 4.00 1.50 100
50 52.20 26.10 16.20 4.00 1.50 100
Table 3. Chemical composition of raw-mix materials
g@: Replacement Chemical compositions(%)
Go+tsio, ") S0,  ALO;  Fe0;  CaO  MgO  NaO KO SO; LOl  SUM
5 22.66 4.36 1.61 39.21 0.07 0.08 0.09 0.02 30.74 98.84
035 10 22.47 4.72 1.78 38.91 0.14 0.16 0.18 0.03 30.44 98.82
20 22.12 5.41 2.08 38.36 0.26 0.30 0.34 0.07 29.85 98.79
50 16.79 5.64 2.24 40.79 0.46 0.53 0.60 0.11 31.51 98.67
5 26.51 4.34 1.60 37.10 0.07 0.08 0.09 0.02 29.10 98.90
0.40 10 26.34 4.69 1.76 36.82 0.13 0.15 0.17 0.03 28.80 98.88
20 2593 533 2.04 36.34 0.25 0.29 0.32 0.06 28.29 98.85
50 25.02 7.00 2.78 35.03 0.55 0.64 0.73 0.14 26.90 98.78
5 30.56 431 1.59 34.89 0.06 0.07 0.08 0.02 27.38 98.96
0.45 10 30.33 4.64 1.74 34.65 0.12 0.14 0.16 0.03 27.13 98.94
20 28.95 6.83 2.70 33.04 0.52 0.60 0.68 0.13 25.39 98.84
50 29.98 5.25 2.01 34.18 0.23 0.27 0.31 0.06 26.62 98.92
2.2 Ml
v A of whet AlgFet YR E-2 WAt ZFAEIE 915] Ball mill-S ©]-8-510] 3087F 263t o] & 237 A Al
Zof| A A E Qo =3 9= Ak thH] 25~30%2] =35 37t F hEote] 25%9] 4@ E Aok Al
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F7 4732 AT W72 2L 42004 900°C7HA] 5°CAEO. =2 525112 ™ CaCO; 2] EEAT HE-go] F45He
= 900°COflA] 1A1ZE FAISHAT. o] T 2425 1,250°C7HA] 3°C/I2 2= -2t .o H Fa 2Hd2 915h 1,250°Cf]
A TARERA] & SR-AE 7| 2ol Aol -2 J2skaltt. 287 44 AAER Figure 20 HER QU W2kt 2
AL B2 9] ul Rtk
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Table 4. Experimental design of calcium silicate cement
1 f 9 ole——2
Type Replacement rate of CaCO5(%) e m Test
5
0.35 .
. Waste 10 - XRD(Rietveld)
Clinker 0.40
concrete powder 20 - Free-CaO
50 0.45

#1232 E nlEd 2]2h& 9 Si0y/(Ca0+Si0;,) EH| ol wh2 o|4tatet A §H3A 3L AHIE 287 0] A4 & AFH|E Table
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S o o] 2lof SF AN = FHS t= RS & U E2 Si0,/(Ca0+Si0;) =H] 0.35, 0.40, 0.
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Table 5. Conditions of calcium silicate cement clinkers

Mole SiO,/(Ca0+Si0,) 0.35 Mole SiO,/(CaO+Si0,) 0.40 Mole SiO,/(CaO+Si0,) 0.45
5% 10% 20% 50% 5% 10% 20% 50% 5% 10% 20% 50%

®

3.2 XRD &4

w23 2] E nld 22 9 Si0,/(Ca0+Si0,) EH| o]l w2 o|itslehA: w45t A E 2
8 XRD 4] 23 Figure 30 WFEHI U}, Hl 222 E nli @S 2| ehoto] Al 23t o] 4taleta
] A3} Belite?} y-belite, Lime(Free-Ca0), Pseudowollastonite, Rankinite, Gehlenite & 21
2 2|2 2 Si0,/(Ca0+Si0,) BH|7F 5715 Belite 2} y-belite 2] T 3 =7t 7H4skH= 71
E n] B2 288 50% 2 Si0/(CaO+Si0,) BH] 0.4591 4] Belite2} y-belite 2] T3 73 =7} 5 5] 4,
e Ao wHE 7|E OPC 2979 244 H71E floll 2132 EA5HH Lime] 735 102/(C30+3102) EH]
0.35°14 XRD =25 gQle & QIGlom HZ2 2 E nl@d Xgh-go] 5715 02 ZF=7F 4ot 21eha 50%014
37 A=A 2 o S AT
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ATt E}% 451 &< Rankinite ] 7-%- 8i0,/(CaO+Si0,) &
H] 0.40, 0.45°11 4] T O 1 y-belite 2} - o] o] 9] d=Fet F4]o] H a5t
QHH, Gehlenite(Ca,Al[AISiO;]) *F& E3F CO,9t W25l BRAL 3’3‘%‘?_] CaCO;= AASH= Ca AFRFE 24 Pseudo-
wollastonite2} Rankinite2} &&] CaOﬂ SiOz qt ozt A1203—§— SRSk 2ITH11]. Gehlenite= H| 14 HZ3 2| E 0] &
&4 Q18loH, 354 02 HEA Y E nlEEE 50% 2| ¢
Blgra ”43 71'57]' 2S8R ]@f T 9»19\1 . O]% #2352 E ulEde] okl Qli= ALOs7} Ca02} Si0, 2 BH-g-o}
o] Gehlenite2 $HA1H 7.0 2 mohEch

207l 271845 13 7} 7l AL Shele
.

B :Belite y:y-belite L:Lime P :Pseudowollastonite R : Rankinite G : Gehlenite  Q : Quartz

B B R B
y Py 50% oy 50%
R

~ ~
) L =)
s Yy Y B| B pf < y Yyl e It
8 YY op P YyLy 20% & RiR Yy Y 20%
> >
@ yB b Z’
5} Q Y
= Y B Y L 2 v.,Y
= Wope B Py y 10% g TorY Bk Tyyy 10%

10 20 30 40 50 60 70 80 1o 20 30 40 50 60 70 80
2 angle (degree) 2 angle (degree)
(a) Mole SiO,/(Ca0+Si0O,) 0.35 (b) Mole SiO,/(Ca0+Si0,) 0.40
G
p

il Lk 50%
= P R
% R RR P| PR RG 20%
g RRgR
= RRR Q " % 10%

R Py R R
R/ Py RY 5%
10 20 30 40 50 60 70 80
2 angle (degree)

(c) Mole SiO,/(Ca0+Si0,) 0.45

Figure 3. XRD analysis of calcium silicate cement utilizing waste concrete powder
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Figure 4. XRD-Rietveld analysis results for calcium silicate cement with waste concrete powder
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Figure 5. Variation in mineral production with changes in the replacement rate of waste concrete powder and the Mole ratio
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Figure 6. Free-CaO measurement results of calcium silicate cement
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