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Optimum Carbonation Reforming Period of Recycled Aggregate
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ABSTRACT Increase in demotion and repair works on buildings in the construction market generates a large amount of
construction waste. Recycling of construction waste is important for saving of resources, preservation of environment and constant
advance of the construction industry. Accordingly, the environmental and economic value of recycled aggregate, which is produced
after waste concrete is crushed, is increasingly highlighted. It is generally known that compared to concrete made of ordinary
aggregate, concrete made of recycled aggregate has low quality, and the low quality is dependent on the amount of the bonding
heterogeneous (cement paste and mortar) as well as the amount of the pores within the bonding heterogeneous. Reports on
carbonation mechanism shows that the pores of cement-based materials are filled up by the progress of carbonation. Therefore, this
study aims at an estimation of the period for optimum carbonation reforming appropriate for the thickness of the bonding
heterogeneous of recycled aggregate, based on carbonation mechanism, with a view to improving the product quality by means of
filling up the pores of the bonding heterogeneous of recycled aggregate. This study drew the carbonation depth according to the
passage of age by calculating the bonding ratio and bonding thickness of the bonding heterogeneous as against the particle size
distribution of recycled aggregate as well as by chemical quantitative analysis according to the age of accelerated carbonation of
mock-up samples imitating bonding heterogeneous. Based on the correlation between the age of accelerated carbonation and
carbonation depth, this study also proposed the estimated period of carbonation reforming of recycled aggregate appropriate for the

thickness of the bonding heterogeneous.
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Table 1 Test methods and standards of test items

Test item Test method and standard

Average particle size and

particle size distribution KS F 2502

KS F 2503, KS F 2504
Using 9.9% hydrochloric

Density and absorption

Acid treatment

acid
Chemical quantitative Thermogravimetric analysis
analysis (TGA)
Cement
@Paste .

Recycled
Fine aggregate

@Mm tar

Recycled
Coarse aggregate

Fine aggregate

|:> (After acid treatment)

Coarse aggregate

[=l=g =

(After acid treatment)

Fig. 1 Conceptual recycled aggregates



#HE FA AS BREEETL F2 o
AskA H .

uEhA, o5 AAst F2E W FAE AHgs] ¢
3 AF A2 Axt F2 o] AgS etk

<8 FAY HiE AF AEE A% JEREAYPS
KS F 2502 A7F5 Ayl Azt Fastglon,
A F ZF A Z7)9) A Al 2719 Bt e =
Aol A7IZ 7Fgersith. o] grell ZF Aol W Al
15F MRS wote] 2 (2)9F 2o od FPe=E 7

= dH=

30
N

)

R BA% 4 B 24 A B AL
Al
(siv, + siv,, )
da'ug. = 2 2 x Rm,% (2)

NNA, d,, : w8 2A B 7 (mm)

siv, : =AZF T AC A7](mm)

siv, ZA7F 2 A A 2 7] (mm)

R, 24 Aol F2 ZA12 A WH2E(%)

g, EA 2 S A HYAS] S5mm, 25
mm Al F& A A 9l e S A, 9
2b A717F A AA B Zle sk, 43k 1070
o] AA Z7)E Ha#oE At

8 = 2 A A F(FE 9.9%2 A A
sto] A@FRiEE gls o 7k )9 U 9 F5F
A&S KS F 2503, KS F 25040 273}
A Adtel] ofs] Ak el A =3 ZAe
WS vbgste] 845 AEaL, 9At A
oJAAE AAT A FA 4=
gato] H2F oldA o] &A= Artet
of o8 ZEH =8 FA F YA

=

LN A
o
Ol
=
34
2 -

o o o

"o

off

°,
&

)

=)
1>,
2

5
o
ke
o
>
C

ny
L

o
ol
2
)
N
N

s 1o dn

Ao &A% A A £45 b , Zh7te] &
g utgo® &3 FA9 ¥ o|dA FAE AE
om, 7 HFE 2 3)~5)°l YeERSTE 18] a1, <

o O
R U e AP Y

2 A3 Fo) A Al 97 <8 TA2) 33
GRIEE R

Zj_l‘
o
leS

" Va» - V:Lc
Vi, =V, < v 3)
Vi, =Va, ~ Vi, S
g, — Aoy
thh, =~ )
m——m,,
Rm‘,.% = ;—_X 100 (6)

OlAIA Etist AS0l| 7|=et &

AZIAM, vy o d,,, ol thEk F-2 o] A ] 82 (mm)
V:JM : da,l,g_oﬂ o 3t %Xju(mmz
Vo AR A

A=A E2(mm’)
=419 44 (mm?)
Vi ody, ol oiet d =20 84 (mmd)

2 o] ZAA F7(mm)
de,ve oo o3t 4 FAY 917 (mm)
A

R,q w8 A2 o)A F2E(%)
R R I B R e ()
m, : A AE F A AKg)

22 B3 O|&E 22| AIEA M=

T A F2 Ho|AE Y RERES VYT A
A A g9l £ 'bst AFEE Fig. 201 WERSL
o BE AlEAE 72 50mm, A2 50 mmE A 28
th 283, AME Flo]AE AJ@A|] FAE Uil 9
T =2AE dEkA e HUAF 5mme FHo|AE |
olg] 4zre] EA 7S skl smmE AAEH
b B REEE AGAS A Wil € w2 =
AE FFeHA b= HAAF 25 mme] FHo|AE Yolg
A7y 23 5 9SS 1Eske] 25 mmE AT

2 kst AlEA AZtel] ARESE AJHIE Ho]AE
2 RZERZ Wi FEE Table 201 YeR AT AA7E4
T Al AEe] gld 2000 o] 74 wo] A-gH
AA NFAE7E 21 MPadl S 11E5ke] 21 MPaz A 75}

Accelerated carbonation
(20T, RH 60%, CO,20%)
Fine aggregate Carbonation depth
Maximum size :>
Smm (Paste)
____________ ~—- g g g
Aluminum tape Paper Accelerated carbonation
(20T, RH 60%, CO,20%)
Carbonation depth
Coarse aggregate
Maximum size |:>
25mm (Mortar)

Fig. 2 Conceptual accelerated carbonation

Table 2 Mix proportion

. w/CP Unit weight (kg/m®)
Mixture type (%) W2 o )
Cement Paste 587 1177 -

— 1 49.85
Mortar 264 529 1367

*DWater-cement ratio, ?Water, *Cement, “Fine Aggregate
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Ca(OH),— CaO+ H,O @)

CaCO,— CaO+ CO, (8)

(b) Mortar

(a) Cement paste

Fig. 3 Specimen production
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Fig. 4 TG-DTG curves of cement paste

| TG Analysis

| Non-carbonated specimen |

+ Amount of dehydration in Ca(OH), [:> Ca(OH), (reference value)
+ Amount of decarbonation in CaCOs CaCO; (reference value)
*» Free water
Calculating

the variance

| Carbonated specimen

« Amount of dehydration in Ca(OH), Ca(OH),
* Amount of decarbonation in CaCO; :> CaCoO;,

* Free water

Fig. 5 Calculated flow chart of chemical components



Table 3 Calculation of the reference value (Cement paste
specimen)

Mass in 5.5786 mg (mg)

Free water
(Decrease at 105°C)

0.5559 Mass ratio (%)

Amount of dehydration

in Ca(OH), 0.3151 - Ca(OH), | 25.803
Amount of decarbonation

in CaCO; 0.2097 CaCO; | 9.4951

Table 4 Calculation of the reference value (mortar specimen)

Mass in 5.2437 mg (mg)

Free water
(Decrease at 105°C)

0.4622 Mass ratio (%)

Amount of dehydration

in Ca(OH), 0.2985 ~ Ca(OH), | 25.677
Amount of decarbonation

in CaCO; 0.1706 CaCO; | 8.1461
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Fig. 6 Result of sieve analysis test
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Fig. 7 Particle size distribution of recycled fine aggregates

Cement Paste

Average particle size of
recycled fine aggregate
:1.82mm

Fig. 8 Average particle size of recycled fine aggregate

Table 5 Density and absorption test results

Density in absolute
dry condition

Percentage of

Acid treatment water absorption

(g/em’) (%)
Before 2.35 4.73
After 2.53 1.51

Table 6 Bonding ratio of cement paste

Specimen Number 1 2 3 Average

Bonding ratio of

cement paste (%) 18.68 | 18.84 | 1881 | 18.78
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Table 7 Density and absorption test results

Acid Density in e?b_solute Percentage of water
treatment dry condition absorption (%)
(g/em’)
Before 2.16 6.88
After 2.48 2.33

Table 8 Bonding ratio of mortar

Specimen Number 1 2 3 Average

Bonding ratio of

mortar (%) 584 53.1 55.5 55.7




Bonding mortar
Mortar / (1.96mm)
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for average particle size (14.43mm)

(a) Composition of test results

Mortar

Mortar clod (2‘;m.m}
(Coarse aggregate
maximum size)

(b) Recycled coarse aggregate not containing coarse
aggregate

Fig. 13 Composition of recycled coarse aggregate
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Table 9 Change of hydrate in cement paste (mol)

Change of hydrate 0d 3d 14d 21d

Decomposition of
Ca(OH), (mol)

Generation of
CaCO; (mol)

0 0.0044 | 0.0251 | 0.0779

0 0.0144 | 0.0540 | 0.1858
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