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Properties of CO,-modified recycled aggregates and its effect on
the performance of recycled aggregate concrete
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Tongji University, Shanghai 200092, P. R. China)

Abstract: The properties of CO,-modified recycled aggregates with different qualities and particle sizes have
not been investigated systematically and comprehensively. In the conditions of 20% CO, concentration and
natural environmental pressure, considering the effect of recycled coarse aggregate (RCA) quality and
particle size, the carbonization rate, CO, absorption, alkalinity, water absorption of CO,-modified recycled
coarse aggregate (CRCA) and residual CO, content in CRCA were investigated; the compressive strength
and chloride penetration resistance of CO,;-modified recycled coarse aggregate concrete (CRAC) were also

evaluated. The results show that the carbonization rate and CO, absorption of CRCA increase with the
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increase of CRCA water-cement ratio; the CO, modification significantly reduces the alkalinity of RCA; the

smaller particle size and lower water-cement ratio of CRCA, the more CO, sequestrates in CRCA; the CO,

modification remarkably reduces the water absorption of CRCA and significantly improves the compressive

strengths and chloride penetration resistance of CRAC.

Keywords: recycled aggregate; recycled aggregate concrete; CO, modification; CO, absorption; residual

CO, content
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Table 1 Properties of recycled coarse aggregates

g FWE ok W7k
JKIK L . )

By (kg * m™3) R/% /%
RCAS55 2 603 10. 8 16.6

0.55
CRCA55 2 615 5.9 13.9
RCA145 2 609 9.8 15.1

0. 45
CRCA45 2 640 6.5 11.8
RCA35 2 537 9.7 13.7

0. 35
CRCA35 2 635 7.3 10.5

1 :RCAR 1 CRCAR W b 5K IR LA 56, 55,45 F1 35 23 3 7R K K
It 0. 55.0. 45 F1 0. 35,
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0. 45801 0. 55 =N 7K K L RAC F1 CO, Ak A4
HRHEEE T (CRAC) o Sl /N A BB R 5 T K 1
XEHTFE RAC F1 CRAC TAEYERE 52 M, [6] i) 25 &
AL B BHE 15 min 738 240 AT K 3R 1 80 %6 ~
90 %611 i G He AR AT K Y 80 Y0 4B I B Ik, 5

FEHT TE 0 Y BfE A K 15 min, 7] & RAC I
CRAC, il 4 3 M4 100 mm B 57
JriiREE i, B 28 d o e B A4k
Fedil4% 6 N AR 100 mm. 5 50 mm A B AR B,
AT EASE VA28 RN, &
28 dbRHEFEY FREATAH G MR REI L

%2 RAC# CRACE &L
Table 2 Mixture proportion of RAC and CRAC

WHEEEZER KK KU/ (kg - m—3) K/ (kg + m™3) fb/(kg * m3) RCA 1 CRCA/(kg * m™—3) Fihnsk/ (kg « m—3)
0. 55 400 220 623 1 157(RCA55) 28.7
RAC 0.45 491 220 591 1 098(RCA45) 25.0
0. 35 629 220 543 1 008(RCA35) 12.7
0. 55 400 220 623 1 157(CRCA55) 60. 4
CRAC 0. 45 491 220 591 1 098(CRCA45) 31.2
0. 35 629 220 543 1 008(CRCA35) 11.1

1.3 WK *E
1.3.1 RCA #mif g5t B gk Fml % RCA B
A TETRBE T oA FE Th T IR AR N CO, Rk
WeRESR 2020 £3%, IR (204+2)°C, M X B
70%+5% , RCA b FFEE 14 d.
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2V WFIRFEAE 105 CTF HHEAR 2 1H 5, N RR 4L T
FEFRILZ 100 g, ARic A RIGR i mrea » FERF LK
BT IREE L RALAE P 5 3) JF AR AL 5 » 18] B — 22 i [A]
CGef Ja KO M A FE o BB R , A5 L ik fb 2o A
H BT, R TR AR RREAAE (14 DD
WAl 14 d J5 PREE B R TE 105 °CF FIBLAR Ht 2= 4
E ’ %ﬂﬁ%ﬁbﬁlﬂjﬂ MCRCA o

RCA BAEH o 28 SR RCA BRALSEPR 5 3
A, 5 RCA FE LA BRE & 1 B Am, 19 FLAE
WD R s Am A0 (2) FR PR 22 K R e 4l
3 CO, It R KE X CO, (%), )it
RENNT R YE S SCmk[12], 4 P L RE K e 1
X CO, (Y 4F 46. 03% ~57. 77 % Z 1], 12X 56 31 {1
B X CO, (%) =50%.

A, 0/ _ MCcreA T MRCA 0
“= X 100% R xX100% (D

_ m. X X CO, (%)
(m. +m, +m, +0. 23m) 1+ Q)

Am, 2

XCO, (%) = 0. 785(XCa0—0. 7XS0,) +

1. 091XMgO+ 1. 420XNa, O+0. 935XK. O (3)
o omg Flm, 4358 RCA JFAETREE L K Ue
W RS BT o5 Bt B 4 L, 2605 Q WAl Ab T
RCA B & KR, % X A AW 5 K0 R
HIL. %,
1.3.2 CRCA # CO, Bk FmliX R ZEHHr
B CRCA B CO, Wi, MR T 0 1 AL
FATE 60 C T4 CRCA HtT Z{H H; 2) 7R K h
CRCA B 2K 5 3) Ry A 80 e 1 W 3 97 » 42
Py IRFEFRELZY 30 mg 18 7R3 A 5 4) B4 A il A 22 4
BT, LA 10 °C/min (4 2R 238 DA 3 #A 2
900 C, MAF AL 0y A fb . 223 Hr L (DTA
6300) anfEl 1 fFrs.

1 EHHH
Fig.2 DTA equipment
1.3.3 CRCA #9#Z fe 5k 4 CO, akmliX  RH
Tolk e As B pH I CRCA B B35, 3 #E 2 5% &3
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CO, [k E &, MIKAR T A DARET— K ik A A
RELH CRCAL 4% 0. 35,0, 45.0. 55 =ANIK K LAY
Pish k42 (5~10 mm F1 10 ~20 mm) () RCA Fl
CRCA iFE, 23t 12 ilFE B, B0 1ARE 2
200 g; 2) BB RE I T 75 (1 160 g ZEAR/K MBI A
SRR 5 30 B iU T fT BE AR B 6, 5 Tl A A
pH T B A%, ti pH 3F 45 0 25 91 /5 RCA Al
CRCA ¥ pH {f BEHT [H] ) 3 25 s O AKH A5 9 pH
{E#E RCA Fil CRCA B8 K CRCA NEERE CO,
SRS R, pH AR E 2 PR .

CRCA

pHit ¥ 2

2 CRCA #7 pH fUlik
Fig. 2 pH testing of CRCA
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50082—2009) H iy PR GBS 1 #8 & B0k K
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2 MLERKSH

2.1 CO, 583t RCA MHEEHI RN

RCA 1 CRCA B3 1 2Rtk n 3k 1 B,
=% 1 "l 0L, A T RCA, K IR FE 43301 K 0. 55,
0. 45.0. 35 B CRCA MM R4 AR T 16. 27% .
21. 85 %01 23. 36 %0 » TN L 43 S48 =5 T 0. 46 %0
1. 19%H1 3. 86% . X FEZIHH T RCA RKZERHK
) Ca(OHD, #1 C—S—H 5 CO, S Mk AL 2 i Ak
B CaCO; FlRE JE, 14 b [ AH & B 11, 8% ~
23. 1% 358 RCA FLBR A 34 4% . Zhan 5513t

€Y)

Drem = 2. 872 X 1078

IR I, S A YRBE L PRSI 43 A C30.C45.,
C60 H1 C80 I, RCA ) CO, 5AL ] 23 B FEAR I K R
20.2%.21.2%.22. 5% F1 24. 1% , X 5k 25 R 4
AR—F, RCA JFAREE 158 8 # . CRCA WK%
FAARBR I (2 L 3 T B A RCA J A TR BE + i i
11 s RCA 9146 FLBR B f /b, FLAR /N, RCA W1 4R
WK R BRAR L i CRCA W 7K 2R B AT AR X B & 5 [R] B
ATRED RCA J5 AR TR BE + 50 B 5 . RCA /LR AL
Btk 75 5 Wik fh = Py Bt

(b) RACRETBEERE
3 RAC SBFHHBAREME
Fig. 3 Chloride diffusivity test of RAC

2.2 RCA iLZE

RCA 80FE i B it AL B 9 AR R an ] 4 B,
F L 4 0] UL, Bl Ak 0% B 04 38, RCA Joit i 4 K
TRIFM . 7E 0~72 h(3 &) N, RCA Jii 8 K U, 11
£ 72~336 h(14 D[N, RCA [T 5t 344 i B2 A
Ko TERALIEI] 168,336 h B} 10~20 mm R 3
KK RCA F I 72 h B UG K T
L.8Y0 M 2. 3% . Pk, #F AR IR R IR FHIR B
T ERALAH AT N AR AL, 20 mm DL R A RCA 78
3 AFEARGERMR AL . RCA B Ak 5 Fifd i 401 384 Jonn i A8
AN R I B A 7 AR B CaCO; FIRE S 55
WAL= Wy e FAAL T RCA AOFLBR AN 4% , i 2%
TR CO, Sk RCA WETE A

& 4 WL EE%F 10~20 mm ) RCALFE 0~
72 h BRALIY I HKOK e/ RCA B 38 42
RV IR A5 e A 0 P R, 3R PR A 7KK EL /N, RCA
RIZW IS, CO, FKITB BN, FHXF 5~
10 mm Y RCA, BIME7E 0~72 h Ak, 3 KK
F) RCA Jot 2 1S sl B A — 3, /KK X 5~10 mm
RCA i fho 78 85 5% i /R B 45, 3 AT g2 PR A RCA KE
TR /N, b 3R T AR R, CO, FIK 208 i3 B R,
RCA RiAEXT RCA B Aok B2 10 52 el 72 B 1 25K T K
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RS RCA Sh FAE DB R A [R] 5T AN AR A
1) RCA 7] ke Ak 4y Jon B A0 7], 58 2 e fbif RCA
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0
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9
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100 | - o- /KK H.0.45,RCA 10~20
-o0- JKHKH,0.55,RCA 10~20

98

SIO 1;)0 IIS() 2(I)0 250 3(I]0 3l50
BRAGET E)/h
Bl 4 RCA FERRLBEHANTL

Fig. 4 RCA mass variation with carbonation age

RCA IR K F Am, MIRILE o 115 3 7
e H2 3 AL SEANFEIZK K Y RCA,5~10 mm
1 10~20 mm PHFPRIFE RCA BY Am, Fl o FEAR—
3, R R A I R FH A D IR B R, [l — KK L
RCA BRI i A4 o7 i B A — B0, H 7E e ik % 151k
14 dBf, RCA FEARSERL Thkfb . X TA R KK iy
RCA,H: Am, Fl o BE AR L A W80/INTT 80/ )N s 7KK H
R 0. 45 F1 0. 35 i, BiFPRif2 RCA FFIBRLR L
KKK 0. 55 B 4380/ T 12, 9% 1 27. 9%, BI
R RCA BB BB 2, ik fb 8 85, Zhan
SEOTIR e B RCA B £ %6 [ H: L Bt % 34 Jon iy 184
I, SASCEEIS—30, RCA FLER 3808, 5 B 2%
RCA JTHIfLBR#E £ , i CO, FK A 58 1%, il
Hi AR5,

R 3 RCABALER CO, TR
Table 3 Carbonization rate and CO, absorption of RCA

KK EL

-50 0

RAE/mm BTEEE Am /0% BRAEER o/ Y0 COp IR/ Y

5~10 6. 35 34. 27

0. 55 13.91
10~20 6. 29 33.92
5~10 5.51 29. 48

0. 45 13. 21
10~20 5. 60 29.92
5~10 4. 56 24. 36

0. 35 12. 26
10~20 4. 65 24. 83

2.3 RCAHJ CO, IR =
CRCA AT (TG) MZIE (DTG) i 4 n
Bl 5 Fim . B AR RSk 7K e 5 44 i i 2 o T 7 26
A BT AT 43R 5 A B, o, 430~550 'C 2R
CaCOH), 43U JE 5 550 ~ 750°C I S 45 i A 25 1Y
CaCOy FRARS> i 1R BE 5 750 ~ 950 °C Ry 45 b B 4 1Y
CaCOy iy 7 19 43 i i 2D f I 5 Ca) AT I,
Ca(OHD, FRAE WA BT 2, 3R] CRCA 1 Ca(OHD,
AT AL 78 750 °C A TEAEH B AY CaCO; 4345
0, FLK K BE B A, AR A 04 8 17, 3 AT BB 2 B
RCA ZKR LGB A, e A 238 188 3 T B (AR 3 i)
M ik 2 85 T 800 “C B, 1 [l 5 (b) AT %1, CRCA F1
RCA MY AR A, I, K4 550 ~800
C B BRI E RCA 1Y CO, BTz . it
RN
p= Miso —bzom550 i00771800)

X 100% (5

ﬁ':F':mmo\msso %ﬂ Mgoo 53\%“%7 CRCA ﬁrﬁg?’ﬂ—: 105,
550,800 “CHJ (i &, mg.

©
@
S

[ - AKIKH0.35 CaCO53_ 750 T
— /KIKLE0.45

L —/K#KL0.55

w
=1
S

N
S a
S o

Ca(OH),

RCAZEHITE /(g -min)
g 2 8

w
S

|
o
S

6 2(‘)0 4(‘)0 600
HpEC
(a) CRCAHIEPSE
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CaCOy 5}

o S .
~Jss0c 780
S :

CRCAﬂilmg

| — k71035
- - -/KIKI0.45
24 | —KIKI0.55

s s I i |
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T
(b) CRCAMFE

Fig.5 TG and DTG of CRCA

RCA 1) CO, W% B angk 3 frox., MR 3 Al
UL TEAR TR S50 R oAl 14 du KK K 0. 55.0. 45 il
0.35 ) RCA B9 CO, W3 B 4358 13. 91%.
13. 212612, 26 %0 5 B 7K K e B30/, RCA B B W& A
/N H 25 55 R K, 33X AT RS RO KR Hl /)y, RCA
L, CO, FIK GB35 1%, B Ak B AR 1
JIRELCInER 3 i) . K RCA 1) CO, MR,
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FEIFAEFIE RCA SR FRM R, nT ik o
. PORIE T R B RHEEE 19 RCA, H %
W03 R S R AEAEAE 25 %0 ~45 Yo 2z |, i iR
55 RCA SR F R BRHREEE +, H B K &l
3500, H# 3 kLR A #ESR % RCA (1934 CO,
e 4. 6% 3% 5 Zhan 255 It 4E B —2,
2.4 CRCAEMZESE CO, SEEE

RCA Il CRCA %W pH {EANE 6 s, HIE 6
FIHL RCA ¥ W pH (E Fifl B 8] 386 fin 56t s 12 b 3%
Jn,12 h JE3A KR T Ca(OHD, B pH
;12 h i} 5~10 mm RCA ¥ pH {EIg KT 10~
20 mm RCA ¥ pH {H. CRCA & pH e bt
E] 3G e R B 10 2247 W B R AE, Bl e E 12
HIRFAK. 12 h JF AR E ;12 h AF 5~10 mm CRCA
VW pH EIEAS T 10~20 mm CRCA % pH {i.
H & 6 AAT, CO, 5k P H R B 3 B AR T F2E
RHOBEE , 45 12 h J5 CRCA ¥ pH { It
RCA ¥ pH {E1% 2. 61~3. 82,

=T . — .=~

——RCA 5~10
—o=RCA 10~20
——CRCA 5~10
—-=CRCA 10~20

R
R,

0 2 4 6 8 10 12
i E)/h

(a) pHE(UKKH.0.35)

—+—RCA 5~10
—o=RCA 10~20
——CRCA 5~10
—-—CRCA 10~20

0 2 4 8 10 12

6
I 1E)/h
(b) pHIEUK K H.0.45)
13 -
120
ntk —>—RCA 5~10
—o=RCA 10~20
.l ——CRCA 5~10

—-=—CRCA 10~20

6 8 10 12
Bt i)/h
(¢) pHEUK K H.0.55)
B 6 RCA #1 CRCA HJ pH {&

Fig. 6 pH of RCA and CRCA

CRCA % g pH {EA 12 h 8% pH {E 0
T4 PR, HE 6 A, FEAHRMNIR ST . RCA B
W pH BB IR [R] 3G hnSe s 48 kg fn, i CRCA %
W pH IR 31 W (R f5 I FsF 1) 8 0 S P J 18 b ik /)
XATREZ A CO, Ak B H kB S , CRCA N ER
THAY CO, SAR, Fi CRCA ¥ 7K B[] (38 i , 5% B4
CO, S AR TS 18 i i T K, A A B+
(HD B SR EMWE T (OH ) KA R A
A CRCA W pH (EREAR. # i W pH (E
(728 AL AT I (LA 35 CRCA FLBR Th 3% B i CO, Sk
i, DREARRKKIKEE R 0. 55 HoRiAE R 10~
20 mmf CRCA ¥ M 1, HWE(EH pH {EM 9. 84,
AR OH™ ¥ JE R Cop- = 1. 0X 10+ mol/L,
12 h J5R9 pHAE R 8. 67 A0 A OH W EE R Con =
1. 0X10~>* mol/L, &% CRCA J& ¥ pH {H A% 2
CO, WM KAER H 5 COF BT HrE. NI Ah &
FRE CO, ARSI 4 PR,

F*4 CRCARZKCO, &2
Table 4 Residual CO, content in CRCA

5B CO, 4t/

kit / pH % 12h)5

KKt (107 3g kg™ D)
mm KAH pHE — o

Ml FHE
5~10 9.94 8. 66 1. 46

0.55 1. 30
10~20 9. 84 8. 67 1. 14
5~10 10. 16 8.71 2.46

0. 45 1. 80
10~20 9. 87 9.01 1.13
5~10 10. 18 8.99 2.50

0.35 2.32
10~20 10. 15 9. 30 2.14

160 mL % CRCA W . H: pH {HM 9. 84 F§H
8. 67 FTiHAERY OH ™ #hy
Con- = (1X107 % —1X10">%) X0, 16=
1. 03X 10~ mol (6)
A R R (D ATAR B H (I FE R
1. 03X10"° mol,
H" + OH — H,0 (7
A2 B v AR 2R (8) AT AR B CO, SRR #E
T4 0. 52X 1077 mol,
CO, + H,O—— 2H" + CO% (8)
WA CO, BE IR it &, A] 1515 #E CO, 1Y 5T & 4
0. 23X 10 g, FEARERAS T, CO, SUREE N oo, =
1.96 g« L' BIH#ERY CO, BTN 0. 12 mL,
L JEARPIEK K He R 0. 55 Hoki#2 8 10~20 mm
) RCA 1 5% 4k, 200 g I FEFR B CO, <AK
0.23X10 *g,#7 0. 12 mL, Bl 250k % 4 T 7 CRCA
FRE CO, 5K 1. 14 X107 ° g, £9 0. 60 mL,
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MA,H.CO, BACHE AT H 4R LT B A RE LR P 101

F 4 HIH T CRCA B4y CO, SRR, 3R 4
A UL, CRCA 7K JK b AR BN, H CO, SR & &
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