pISSN: 2093-8829, elSSN: 2234-1765
l H I JO u rn a | LHI Journal 2023;14(4):121-129 | http://doi.org/10.5804/LHIJ.2023.14.4.121

of Land, Housing, and Urban Affairs -

HI2Z32|E DS SEM Ag 2 AIE517| et STt AlH
EH0JAE H2|0| 2 Opyf T £A*

Optimal Abrasion Conditions for Separating Aggregate and Cement paste for
Using Waste Concrete Fine Powder as Decarbonization Raw Material
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Abstract
In this study, we attempted to reduce CO; generated during manufacturing by replacing limestone (CaC0Os), a
carbonate mineral used to produce cement clinker, with a decarbonated raw material to which CO; is not
bound. The raw material for decarbonization was cement paste attached to waste concrete, among various
industrial by-products. Waste concrete has cement paste adhered to the aggregate, which cannot be separated
efficiently by general crushing and grinding methods. Peeling and grinding methods effectively remove only the
cement paste without damaging the original aggregate. The abrasion time, steel ball type, and steel ball ratio
were selected as effective factors for Abrasion. An optimal abrasion experiment was conducted to produce
waste concrete fine powder containing decarbonated CaO as a cement clinker raw material through an
experimental design method. The experiment revealed that the optimal conditions for producing waste
concrete fine powder were an abrasion time of 7 minutes, a steel ball size for pulverization of 8 mm, and a steel
ball ratio for pulverization of 0.6.
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Table 1. The Design of Experiment

Levels
Factors 1 Test Items
Abrasion * Fine powder
A Time 5 7 10 guantity (150
(min) pum under)
Steel Ball 9 * Average
Typel) particle size
(PSA)
Steel Ball * Ca0 content of
C Ratio? 02 04 06 gpe powder
(%) %)

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

Table 2. The Level of Experiment

A B C
ID  Abrasion Steel Ball Steel Ball Levels
Time Type Ratio

ABC, 5 1 0.2 A=3
AB.C, 5 2 0.4 Ay=5
ABiC; 5 3 0.6 As=7
ABiC; 7 1 04 B30 mm
AB.Cs 7 2 0.6 B,=20 mm
ABsCy 7 3 0.2 Bs=8mm
AsBiC; 10 1 0.6 €,=0.2%
AsB.C; 10 2 0.2  C;=0.4%
AsBsC; 10 3 04  C=0.6%

Rew) 1, 2 and 3 represent experimental level respectively
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Fig. 1. Experimental Method
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Table 3. Test Results

Fine Powder

. Ca0 Content
Quantity

Average

ID (8) Particle Size of Fine
(150 um T Pox(/’vder
under) (%)
A1B.Cy 241 92.39 37.12
A1B,C; 227 71.99 36.51
A1B3Cs 190 58.75 36.62
A;B1C 377 87.23 36.94
A;B,C3 473 82.75 37.72
A;B3Cq 326 77.41 38.53
A3B1Cs 720 86.49 37.33
A3B,Cq 462 69.56 37.40
A3B3C, 508 70.21 37.40




HZF2|E DIZ2s HE B2 ME5P| #fet

S AIHEHOIAE 22|19 24 Omf =4 &4

Table 4. Fine Powder Production Dispersion Analysis

Results
Factors @ S Fo B lEED
Accepted at
Abr'asmn 2 177,505 1056 . 001 of
Time significance
level
Steel Ball 2 22,850 0.33 Notaccepted
Ratio
Steel Ball 2 16,513 0.23 Notaccepted
Type
Error 6 50,405
Total 8 227,910
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Table 5 Fine Powder Particle Size Dispersion Analysis

Results
Factors @ S Fo Evaluation
Abr'as1on 2 116.1 043  Notaccepted
Time
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Ratio
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yp level
Error 806.7
Total 922.8
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Table 6 Dispersion Analysis of CaO Content of Fine P
Powder of Waste Concrete

Factors (1] S Fo Evaluation )

Accepted at
Abr_asmn 5 1485 354 _ 010 of
Time significance

level

37.5

37.0

Steel Ball
Ratio
Steel Ball
Type

Error

CaO content of fine powder (%)

2 0.8213 1.15 Notaccepted 365

2 0.2554 0.28 Notaccepted 36.0

5 q 10
1.483 Abrasion time (min)

Total 8 2967

o)}

38.5

60] 2.2 A=[5HA 99% (-2l 0=0.01), 95%(F 380
Ol 0=0.05) E 90%(F-2]<= «=0.10)°]1A] 7]
Z}%] F0.01, F0.05 2 F0.10-2 712} 10.9, 5.14, 3.46
o= 371 Ag 891 F ¥ - wR AT 95% (-]
FE 0=0.10) $EE TSSO 7P A FFE T
= 820 AS & = AUtk SHAE m R A=} o
=] 7= 90%(F24<E a=0.10)o4 = & 3.0
ola1x] Q= A 0.2 Lpeh} Aake ml o] ca0 3 Y T
ol v] &= Fgo] FA] %22 Y = Uck s
Fig. 5= A|g27E ol-gsto] 243t vj&
Ca0 T2 UEhdl 2 0 & TTof|A Hi=njel go
w}z] . ujal] A]7ko] Z1o] A= Ca0 Fhefo| ol
thA] Steksioirt. ol kel -l Alzko] Lol
Z HlZ32E9] Si0,7} FAERQ] YTAE vt
ZAE HFH ARk 2, 2008b).
HHA F-H AT A9 G850k g2 0 & e}
el

375

37.0 "

CaO content of fine powder (%)

36.5

0

1o

38.0

SupC)

37.5 -

37.0

rid %

CaO content of fine powder (%)

36.5

36.0

EEEE B DR FERRESSSSER) : : :
St 0] 229 Ca0 FHe ol A St AT Steel Bl Ty

Hol1 glrt. Fig. 5. Results of Variance Analysis of the CaO
Content of Fine Powder at the Factor Level

4. 2 E

WAgehe HEdelE el e 294 98
2 A8 7Ms S BRI St oz HEaeE

£ Aol ) AR HEIES
Moz  2RE geMiE Ca0S a3 BEaeE R

A8 5H BN <22 A4 B

http://lhrith.orke | 127



s 0|2H
TARRE B2S A% A o) 2ASAF A2
A ohe) 2 Ao =R 4 9ISl
1. 71844%5(2020), “gr= 2 S3AE A : A
. =712 Zore istilao & gk, Al
1. ] v AL AR S5, mEAEe] W _ _
E PR SRR S Sl 2. AR(2020), T U} 227153 BRE
Slof| wh2 HEIE 2 vl Al wisks A T, TR =, 81: 22~32.
HE 23] -upjA|gio] HEAE vl 3. 7Ara-351(2013), “AJHE BAA] T Ca0

AgAtgol glol 7V a3 Qs ekt o]

Heh7 oA = A4S e,
. E9 vjEae|E vl cao ek B4 2
91o] ATk} §AF8HA B -whaAIzto] 1 6
AT ARl A0 R BAEIg o0, uke] -l
710] o5 {2 9] 50,7 FAHES]
BBAE vfelElo] Ca0 o] ol AutE
Uheh) 2 ] -mhaAzke A 83k Zo]
a3}k
. A 237 Aue A 9eE Ca0S B
wEaele viae Axg 98 24 v A
2sh, ve] up A7 78, RS 55 8mm,
HEAEF 0.60] MELLE R ASE
o 4279 A &2 ARk A4 He
AAVIS Teid o) MEAEe 2717} 21
79 U] ok S A 5 9

T

i

|

ot ok

Kelyu iy

ol

o

P

128 | LHIJournal Vol. 14, No. 4

10.

11.

12.

. Z1Xgt- 71514 - BRATH2008a), “A&<54]

gt C0.9) WA, 28 ESH] =524,
25(4): 365~370.

oy
I} FA=E o] 83 IEE S3EA] AlZHEPEA
I AP A7, HiRAEEE] =23, 25(5):
109~116.

o)

- AR Sk - At 8- Z21(2008b), “HAF

22 AMgT A 4] nhafo] ofat <akEAe)
A4 vl x A, rekEa e Ests] =5, 20(5):

557~563.

. A Mg A (2021), “AIE-FR]E TRiE)

A, eI Bt 8, 33(3): 87~90,

. 23@(2016), AT A AW, AE: WG

- HREA ke - HA R - 2307 - 025 (2016), “AA

H7182 W& HEZ2a 2 E AEgo] AeEs g
&3} bl It A7, TRkASE] =2y,
20(2): 97~104.

. 05 - FAFE(2019), “AHIEA A=) CO, 1173t

of 23t LATVEA A, ImE A ESE] =24,
28(4): 10~14.

Fa Y - A F(2012), Ay AEA
2JAAE 1Y UiF &8 Ve, R=ASAE
5} =54, 12(4): 6~11.

2919 - ol - 2 EH2017), “mha] e w2 2
AR ES E=Ae] F4 vl A7, e
SIAMAHS] =54, 5(2): 121~129.

Yoda, K, M. Harada and F. Sakuramoto (2003), Field
Application and Advantage of Concrete Recycled
In-situ Recycling Systems, London: Thomas Telford
Sreviceses Ltd, 437~446.



HZF2|E DIZZs SH =2 ME5P| ?feh SXiet AHEHOIAE 22|19 XX DY =21 24

1

O OF

a5

£ Ao = AME S77 Al ARS-E= B 3= A18]4(CaC0s)& o1 iteleta(COz)7H A= o A
A] o2 EEi 7S AREBIo] Al 57 Foll AThE oA A(C0.) & AHsIaLAL sk A2 R AT
RS F HEA 2| B FAH o] e AMIEH 0| AES o]-85talA} SRl HIE AR B Aol Al EH 0] A
EZFR2E ] e Al LRkl o £ o e G820 2 R2|5HA] ot A &4dRle] AMIEH
O AEREE HAW7] f15to] ¥t - v o] frasiot. ¥ - vifol] P2 F= AR ¥ - mhfAIRE vy
€3 ez Al AgAS S SO AHIE 237 A== EEikE Ca0s SRt HEI R E
|2 AZE AT 22 v A9 23, 2 - v AR 7, TiEdE S 8mm, TEAE Y 0.60] HELZ| E 1|
T A= 2 A 2AR] Ae & 5 gleH Aol whE A e g ) wEsEe] 2t A e

Fo] & A4 v v ARk EEE 4 9l A o= wkEr:

Alof: e, g, 237, HE2HE HEAEE veT

AL =
Ol

g’ﬂ

¥

http://lhrilh.orke | 129



