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Abstract
This study aims to reduce CO; generated during the manufacturing process by using limestone (CaCOs), a
carbonate mineral used in the production of cement clinker, as a decarbonated raw material that does not
contain CO,. Among various industrial by-products, we attempted to use cement paste attached to waste
concrete. In general, limestone for cement must have a CaCO; content of at least 80% (CaO, 44% or more) to
ensure the quality of cement clinker. However, the CaO content of waste concrete fine powder is about 20% on
average, so in order to use it as a cement clinker raw material, the CaO content must be increased to more than
35%. Therefore, by using the difference in hardness of the mineral composition of waste concrete fine powder
to selectively crush CaO type minerals with relatively low hardness, classify and sieve, the CaO content can be
increased by more than 35%. Accordingly, in this study, we experimentally and statistically reviewed and
analyzed the optimal conditions for efficiently separating CaO and SiO, and other components by selectively
pulverizing minerals containing relatively low CaO through a grinding process. As a result of the optimal
grinding conditions experiment, it was found that the optimal conditions were a grinding time of less than 5
minutes, a type of material to be crushed of 30 mm, and an amount of material to be crushed of 1.0 or more.
However, it is judged that it is necessary to review pulverized materials of mixed particle sizes rather than
pulverized products of single particle size.

Keywords: Carbonated, Decarbonated, Clinker, Waste Concrete, Waste Concrete Powder

1. 2 AR eh= A A1 FHE 2AJ5H] flsto] o4t
Sheba & aES oF 509 o4 A&5tolof 5t o]
1.1 g =4 2 E3) 2050 EH4ZH (Net Zero) S DAJ5}olof

2015 1}2]7] 515} H<f(Paris Climate Change SICHEIA A 9], 2022). Fol|l A & St - A
Accord)of|A AAH ‘A|F & A59] 1.5 o5} =712 EoFsl=tfohul=to 2 o el E5hA1E]

*= o
Lt

** 0|l CHEO|AKZ=AIRE: bravo3po@kongju.ac.kr)
*xQRNSH] ASZSH} AP (WAXKE hiykhj@kongju.ac.kr)

Received: February 28, 2024 / Revised: March 14, 2024 / Accepted: March 14, 2024

rir

5P [SYBSAS-FITATKEH2022R1C1C2010362)9) RS ©OE 23S G172 B 7|Tof 2AQ L2

mo ric



ATHAXITE-HA3 4, 2021). AIHE
COr= E9A 24780
= CO,HET} A3 4 (CaC05)S AAJSHHA Ay
o] oF 65% = T RS ghilslel=
A= 7hdo] uj-e- Fa 3t AJsgo|ct o]of weh
AHEQ] S 119} HE T | Eo ZFHE o] 9
a0E et Y 2 E-8of tfgt A7} X P =]
(AR 329, 2013).

S i ooz
fr A8 EQE?:

[ [

pak >

Bore e
o o
T

30
o

g,
HETES A5t it = == A
n]2dko] FEiR 10% = WY =
™ /8 0 2= 145} Ca02}t 38 /d =2 Ca(OH),,
C-S-H(Calcium silicate hydrate) 522 G4 %]
ATHOI5H - Az, 2019). o] 2Rt 542
ZAYE njEES AHE dug fES
COE HIEoHA| =gt e &8
= 202 7| =, o} 7HA] Al EZA ol A
A A b m = AMSE= AR {l-

UFA 0 2 AJHEE- A5] 42 2|43 CaC059]
F0] 80% ©1/(Ca0, 44% OIS & AHE&3h
Ot AHE 297 9] F8S gEd 4= Stk 54|
T H 252 E v|22o] Ca0 -2 B+ 20% F =
EAHE SF7 A5 = AR5 | f15ke] Ca0 oFF
2 35% oV o8 2/dH|E &2 FoFol-gol 755t
tHA @A, 2013). FUollA] 1960 = ZHlo] 454]
3o g AHEES BAIE 273 AHE Z7golA]
A15]4] L3F2] CaCO; THgo] 72%11 A 3] 4 5
41 (floatation)5to] A15]4 2] 915 80% 714
£ AHE Hg = ARESE AA o] Qlek (eIt o]
@4, 2008). SHA|TH HIEAH E vl R 5437

A FFAES o]- 8 4= glo] A4S ol-8-s5to]
Ca0 F915 &=ol= 1S o]-&-stofof gtk

1=}

HEAE vl

BN
o
o
oiN

pAdasSs

A

S

B f &

148 | Landand Housing Review Vol. 15, No. 1

Al,03, Fe,03, CaS04, Ca(OH),, CaC037} 9121 Si0,
L Quarts E=Z AL 7, Al,03= 4= 17.7, Fe,0:=
A% 6~7, Ca0Z T =)= CaS0,, Ca(OH),, CaCO;
7} 7 A= 2~2.5 FEo|tH 28] ), 2017).
ujeba] /43820 HEAlelE o8ste] A=t}
4o g W2 Ca0 FHj o] FE= A o= 24
Sto] B L A= & 49 Ca0 oFRE 35% o1
ASAIA = & A o2 I rHKim et al, 2022).

ojof & oM = HEIHERTEH Y53t

E]o

= - =g
}_/‘éo]‘_]—_’ 9&11‘1:‘ 316}'5 ='0&= O]

B AL, TR B (size), T 42 oF
of efstol FESL7] 9lste] AmHLEL A3t
of. WA QR 7+ o] A7t EA ]2 gl
o E2A QMO BE AES T
gle u) Ao So) YYo He aus

540 o]2ojAlth, 2919|571 B 9]

N
-

2~
T

gl

A,

A% o] 23E] 29 W5 o] Ato] go
VAT A3t B40] S Utk o] Stk
webA] £ QoA Aol GRS i QIR
3 AR SWAAN 2 et 20 fEAS
A% W OR AR DEE ol gtaick = At

ARFAL 7370l gol A== 4 (1) HErd 3

@
kd
A



HZ32E DI2Es 2

Y7 Bz MalM UHIZ M85 ffet CaO =X 25 =2

TEAE ol &SIAT (I E, 2016).

(3(3/71 1/2) (1)

3m

o71A, L=A e E-& Uehli = B
m=2 o]A}o]
3m=A% 9] F7]
(Bm-1)/2=AwHj B 2| Fo| 5

B AIS1A S 9 4222 Table 13} Table 22} Zth

Table 1. The Design of Experiment

Levels
Factors Test Items
1 2

?rushin-g 5 7 *Average
Time (min) particle size

Steel Ball 5 3 (PSA)

Type" * CaO content of
Steel Ball fine powder

Ratio? (%) 0.5 1.0 1.5 (%)

1) 1=30 mm, 2=20 mm, 3=8 mm (diameter)
2) Volume ratio of steel ball to total aggregate

Table 2. The Level of Experiment
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Table 3. Chemical Composition of Recycled Aggregate

NaZO MgO A1203 SiOZ 503
1.95 1.91 13.85 49.87 1.94

Cl K;0 Ca0 Fe,03 etc
0.46 3.80 22.24 3.94 0.05

A B C
ID  Crushing Steel Ball Steel Ball Levels
Time Type Ratio
ABiC; 3 1 05  A=3min
A1B2C2 3 2 1.0 A2=5 min
ABsC; 3 3 15  As=7min
ABiC, 5 1 10 B30 mm
A2B2C3 5 2 1.5 Bz=20 mm
ABsC; 5 3 0.5 By=8mm
AsBiC; 7 1 15 €=05%
Angcl 7 2 05 Cz=10%
AsBsC, 7 3 1.0 G=15%

Note) 1, 2 and 3 represent experimental level respectively

| First in-put | |Sec0nd in-put| | Crushing | | Test |

Waste .
comrste || s e[ | Tt
Powder (30, 20, 8mm) (Min) o
(150pm below) properties

Fig. 1. Experimental Method
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Fig. 2. Ball Mill as a Crushing Device
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Table 4. Test Results

Average CaO Content of Fine Powder

p Particle (%)

Size  45pum 45~  75um

(pm) Below 75 pm Over
A:B:C; 9239 3438 3226  27.05
AiB,C; 7199 3341 3292  27.72
A:BsC; 5875 3542  32.76  25.77
A;B:C; 87.23 3292 3421  28.09
A;B,C;  82.75 34.19 32.58 26.62
A;Bs3Cy 77.41 34.22 32.40 26.90
AsB:C; 86.49 32.73 34.07 27.44
AsB,C;  69.56 32.77 33.01 27.76
AsB3C; 70.21 34.69 33.29 26.77

Table 5. Fine Powder Production Dispersion Analysis

Results
Factors @ S Fo Evaluation®®"
Crushing 3048 347 -
Time
Steel Ball 1559 126
Type
Steel Ball 2247 077
Ratio
Error 6 45.63
Total 12 76.12

Rew) ** Accepted at 0.01 of significance level
* Accepted at 0.05 of significance level
- Accepted at 0.10 of significance level
- Not accepted
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Fig. 3. Results of Variance Analysis at the Level of
Each Factor on the Particle Size of Fine
Powder

Rew) ** Accepted at 0.01 of significance level
* Accepted at 0.05 of significance level
- Accepted at 0.10 of significance level
- Not accepted
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Table 7. Calcium Content Analysis Result of Fine

Powder 45~75 pm
Factors (1] S Fo Evaluation®®"
Crushing 9845 4.05 -
Time
SteelBall (9497 153
Type
SteelBall -, 1784 1.00
Ratio
Error 6 2.8244
Total 12 3.8089

Rew) ** Accepted at 0.01 of significance level
* Accepted at 0.05 of significance level
- Accepted at 0.10 of significance level
- Not accepted
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Fig. 5. Results of Variance Analysis at the Factor-
Level for Calcium Content of Fine Powder
45~75 pm
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Table 8. Calcium Content Analysis Result of Fine
Powder Over than 75 um

@

Rew)

Factors S Fo  Evaluation

Crushing

2
Time

0.3673 1.30

Steel Ball

1.31
Type 318

3.67 -

Steel Ball

2
Ratio

1.192 2.44

6 3.6921
12 4.0594

Rew) ** Accepted at 0.01 of significance level
* Accepted at 0.05 of significance level
- Accepted at 0.10 of significance level
- Not accepted
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Fig. 6. Results of Variance Analysis at the Factor-
Level for Calcium Content of Fine Powder
Over than 75 um
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